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PREFACE

This annual report of the Institut flr Kernphysik (IKP) at the Kernforschungs-
anlage (KFA) Julich covers the period from January to December 1983. Here we
report on research activities and on technical developments performed by mem-
bers of our institute and by guest groups using our cyclotron JULIC.

The Institut fir Kernphysik consists of two experiment n
tical institute, a newly created unit "Betirieb und Entwicklung kernphysika
scher Grofgerdte", and several common support groups. The sciar energy group

is included in one of the experimental institutes.

istitutes, a theore-

The majority of the experimental research has been performed at the Jiilich Iso-
chronous Cyclotron (JULIC)Y, and for about 50 % of the experiments the magnet
spectrograph BIG KARL has been used as detector system. The cyclotron accele-
rates protons, deuterons, 3He and q-particles from 22-45 MeV/nuclieon, which
have been used in basi¢ research as well as for the radic-isotope production
for bio medical application. About 20 % of the available beam time of the
cyclotron has been used by guest scientists and users from other institutes
of the KFA. In addition some of the experiments have been carried cut at the
KFA reactors: Neutron rich nuciei were studied with the on-1ine separator for
fission fragments (JOSEF), and the Aachen-IKP collaboration searched for y-
events in connection with the question about the existence of axions.

Also in the past year there was an intense scientific and technical exchange

due to guest groups at the cyclotron and many visiting scientists in the various
units. There existsan especially strong collaboration with Prof. Hagedoorn and
his groups of the Technische Hogeschool Eindhoven. Prof. Hagedoorn is tempo-

rarily here in a position as consultant.

The investigationsof giant resonances were concentrated on the charge exchange

reaction {“He,t) arounc zero degree to study i1sovector giant resonances ir

heavy nuclei.

Investigations in nuclear spectroscopy showed the low lying rotational bands
in the Os-isotopes combined with low frequencies in the region of band-
crossing. Other nuclear spectroscopy studies have revealed excited nuclear
states which result from the coupting of two nucleons with one~ and two phonon
octupole vibrations. In the A=100 region rotational bands have now been ob-
served systematically and Nilsson assignments have been made.




The theoretical work has concentrated on the role of the 4(3/2 3/2)-isobar re-
sonance in nuclear structure and in charge exchange reactions, investigations
of heavy-ion reactions with microscopic models, and the Coulomb-dissociation

processes at relativistic energies.

The work on the external heavy ion scurce ISIS has been carried according to

the time schedule. The test source (5 GHz) has been improved considerably to
' s

yield currents of 200 uA He? and 1 uA N7 -dons.

In connection with the proposed neutron spallation source (SNGQ) at the KFA,
the IKP and interested scientists started to study various possibilities of
isotope separation Tacilities in order to investigate exotic nuclei. For this

reason a workshop was organized by our institute.

The proposal for the y-ray detector system 'OSIRIS' was finished and presented

to an international audience during a workshop on 'high-spin states' at the

IKP.

After intense discussions, the study group 'COSY' under the leadership of
Prof., T. Mayer-Kuckuk {University of Bonn) was created, which involves scien-
tists from the universities of Bochum, Bonn, Kdin, and Minster and the IKP of
the KFA. The aim of the study group is tc prepare a proposal for a cooier
synchrotron, which can use the linac of the SNQ as well as our cycliotron as
injector. In this connection the Institute also organized a workshop in the

'"Physik Zentrum' at Bad Honnef,




The senior of the directors at the IKP, Prof. Dr. CLAUS MAYER-BORICKE, fell
seriously i11 in the beginning of the year 1982. He retired on October 1, 1983
after having led the Institute of Experimental Miclear Physics I (IEKP I) as
its director for a period of 16 years.

It was Claus Mayer-Boricke, who laid the plans for the large isoschronous cy-
clotron JULIC to be the main research instrument of the Muclear Physics Insti-
tute (IKP) at the Kernforschungsaniage {KFA} Jilich. He planned and brought to
realization the acceleration and extraction of protons, deuterons, 3He and o-
beams for miciear physics experiments, the doubie monochromator for studies at
nigher resolution, and he initiated work on the large magnetic spectrometer
Big Karl. In order io increase the potential of JULIC, he planned and started
the installation of an ECR-source (project ISIS) for external injection of

Tight fons.

Claus Maver-Biricke was the director responsible for JULIC until the year of
his retirement. Due to his constant and intense care, this faciiity could be
used with high efficiency by the research groups of the IKP, by other groups
of the KFA and by numerous guest groups.

As planned by Claus Mayer-Boricke, the IKP includes three institutes (IEKP I,
IEKP II and Theory), and it is operated now as a department.

In spite of the large burden of his duties as director of the IEKP I and re-
sponsible director for JULIC and ISIS, Claus Mayer-Béricke remained an active
scientist, and he ensured a high level research program at his institute. Only
two of 1its most successful accomplishments will be mentioned here: (1) the
backbending effect itself and its explanation by crossing of two rotational
bands in deformed nuclei; (2} the discovery of the isoscalar giant guadrupole
resonance in 1ight nuclei. Both of these resuits received international recog-
nition, indicating the high standard of the scientific program of his Insti-

tute.
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i EXPERIMENTAL NUCLEAR PHYSICS
1. NUCLEAR REACTIONS AND SCATTERING PROCESSES
1.1. Tnvestigation of high lying M1 states in “°Ca{p.p'}

at E
p

= 45 MeV

. +
B. Brinkmdller , G.P.A, Bery, (. Hlawatsch,
. <y + a
A, Magiera, J. Meilbwrger, D. Paul , J. Rimer,

+ .
G. Sondermgmn , J.L. Tain

In high resclution proton scattering experimentsl’g) at
retatively low incident energies (E_ = 45, 65 MeV}

several 17 states have been identified. A particular
strong M1 excitation has been found!) at £ = 10.21 Mev
in 48Ca with a spin unsaturated closed f7/2 neutron shell.
In the simple independent particle shell model no 0 he

M1l excitaticn is expected in QOCa. The observed 17
5tates3’4’5) in 4OCa indicate ground state correlations
in the neutron and proton shells. A strong 1% state has
Ua at £, - 10,31 MeV. Another 1”
5.87 MeV™/, The angular distribu-

been observed 1in
state was seen at Ex =

tion of a peak at this anergy is reporied to be consistent

with an unresolved doublet of 2% and 17 states in a back-
ward angle electron scatfering experiment3) and a 200 MeV
proton scattering experimenta). In addition a state with
an 1 = 0 angular distribution was observeda) at Ex:12.03
eV with unknown parity.

To get more information about these states we measured
4DCa{p,p') at 44.8 MeV proton energy using the high re-
solution magnetic spectrograph BIG KARL. States from 8.5
to 12.3 MeV excitation energy have been measured with a
resolution of 14 keV at forward and 23 keV at backwarg
angles due to incomplete kinematic matching. A sample
spectrum of Nab = 12.2° of the compliete range of
measured excitation energies is shown in fig. 1. The
excitation energies are taken from ref. 6, This was one
of the first experiments with the new multi-wire drift
time chamber7), which allowed to measure 75 cm of the
focal plane of the spectrometer, Special care was taken
in the off-1ine analysis ito find and correct for effects
of differential efficiency variations in the new detec-
tor. In order to show details of the states around

EX = 10 MeV, fig. 2 displays the eniarged range from

E = 9.8 MeV to Ex = 10.5 MeV at three different

%
scattering angles. At Ex = 10.33 MeV where two possible

states have been reportedﬁ) we resoive only ane state in
our measurements,

The angular distributions will be compared with DWBA cal-
culations in order to defermine the transfered angular
momentum of the measured states and to identify possible

17 states.

¥aip,p')*ia  E, =hhBHev
300 eLuh=79 5 - gg
189 7
200 - {L = if Iji
ooy, 1 U L g W
i1 I m A
e e I
3 ‘\ I‘E .ﬁg Jl\"‘#‘\j[ T

VA

@
8
n

M~

W

v

o

10.058

e G817

10267
TC 9641

-

LU R
f*l&r'. 13 !1

b Wl

. a4
Fig. 2: Enlarged part of 'OCa(p,p') spectra at 44.8 MeV
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incident energy for the scattering angles %ap = 7.9%,
13.20, 26.5° showing the states around EX ~ 10 MeV.
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Figure 1:

Sampie spectirum of 40Ca(p,p’) at
44,8 MeV incident energy from 8.7
to 10.3 MeV excitation energies at
g]ab = 13.20,
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1.2. Excitation of i* States in SSNi by Inelastic

Proton Scattering at 45 MeV

P .
G P 4. Berg, G. Gaul , J. Meifburger, D. Poul ,

y

LGUM. Romer, G. Sondermann’ and J.L. Tain
1) 58N1(

e

In our previcusly reported p,p') measurements at
45 MeV dincident proton energy using the high resolution
magnet spectrometer BIG KARL the 1¥ state at 2.903 MeV
and the 17 state at 16,66 MeV are strongly excited.
Spectra of these measurements have already been shown

in ref, 1}, The excitation of the 10. 66 MeV state was
also reported at 201 MeV" and &5 \eV“f incident energy.
Fig. 1 shows the compariscn of the angular distributions
of this state at the different incident energies plotted
as function of the transfered mementum q. For g2 100 HMeV/c
the cross sections are very similar for the three dif-
ferent energies, For q <100 MeV/c, however the observed
shapes of the angular distributions are very different.
The higher the incident energies the larger is the cross

section at very forward angles.
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Fig. 1: Experimental angu;ar distributions for the 17
state at 10.66 MeV in “®Ni measured at various
bombarding energies in (p,p'} scattering.

This behaviour has been reproduced in preliminary micro=-
scopic DWBA ca1cu?ations4) and reflects the enhancement
of the ¢ = 0 retative to the 2 = 2 contribution with

increasing energy.

We conclude that for energies 45 MeY £ Ep % 65 MeY the
cross section maxima for M1 transitions occurs at

g ~ 100 MeV/c while for higher energies the ¢ross section
increases with decreasing g, suggesting experiments for
MI investigaticns at Ep > 65 MeV in the energy window

150 - 400 MeV of spin flip excitations and extremely

forward angles.

Low energy investigations of Ml transitions are limited
to states with concentrated M1 strength 1ike the 17 state
at £, = 10.21 Me¥ in 48ca and the reported 1% state at

By = 10.66 MeV in SSNi. Consequently we do not observe
individual Tevels of the broad M1 (T = 1} resonance
reported around £, ~ 8.8 Mey in 58y at £, = 201 MeV,
Among the expacted 1" states there exists some confusion
about the excitation of the state at 3.594 MeV for which

one assumes a pure (p3/2 p1[2)1+ configurationﬁ). Wnile

- BY . G.P.A. Berg,

the excitation of this state was not observed with an
upper 1imit of & ub/sr in inelastic proton scattering at
65 Mev3) it was excited with a cross section of 15 - 20
ub/sy in our (p,p') measurement at Ep = 45 HeV, Fig, 2
shows spectra including this 3.584 MeV state at B T
159, 20° and 25°. The spin-parity assignments of the
3.531 and 3.584 MeV states were taken from Ref. & while
excitation energies, spins and parities of the cther
tevels were taken from Ref. 7.

3531 0°

Counts
f2
H

Excitatien Energy{MeV]

Fig. 2: Spectra 1nc1ud1ng the 3.59& MeV state measured
in 58N7 (p,p'} at €rap = = 159, 200 and 250,
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L.3. Identification of the second 13/2+ state of the

octupole multiplet in 3y

~ + . ++ :

Teache , J. Hrzesinsky , C. Yesselborg
+i4 e

Clauberg ~, R. Retnhardt =, P.

von
s +++ %
s KO0 Zell

Brentans
Berg, B, Brinkmiller,
D, Paul, J.G,M. Romer, J.0.
) that the complete particle-
Mg nas been

igh-resglution inelastic proton scattering

It has been reported recently
oetupote multiplet in the N=B83 nucleus

specirometer.

H
Earlier {d.p) experiments ) presented evidence for a
spiitting of the 13/2% state into two levels at 1230 and
2807 keV due to configuration mixing with the 113/2 single

particlte state in the major neutron shell with N=83-1267°
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Fig. 1: Comparison of splitting of the octupole-multiplets
209,. 143,
81, Nd and

Gd. The energies have been normalized to the energies

arising from particle-core coupling in
147

of the corresponding core states.

In Fig. 1 the measured spiitting in 143Nd is compared
with the splitting of the octupole multiplet in 20°gt")
with a doubly magic core, and in 147Gd ) with a core of
magic neutron and semi-magic proton numbers. Both levels

). In the

present experiment we measured the 2804 keV state with

- . . 1
have been seen in our previous experiment
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Fig. 2: 143Nd(p,p‘) spectrum in the energy range from

about, 2 to 3 MeV.

1,3)

better statistics covering the energy range up to Ex X
3.4 MeV. Fig.  shows a part of & sampie spectrum taken
with the new 90 cm Tong position sensitive detectorB} in
the focal plane of the magnet spectrometer BIG KARL. In
this part of the spectrum the resclution was about & keV,
For higher and lower excitation energies the resclution

was worse by a factor of 3 - 4 because we did not yet

work out an optimized set ef Ht parareters for the correction

o7 higher order aberrations.
butions of both 13/2 states and the 37 state in the
core nucteus are shewn in Fig, 3.
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Fig.3 : Anguiar distributicn of the twe 13/2+ states
compared to the octupole core state,
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Spa excited in the

-
I

States at Ex = 16 - 22 MeV 1in

12014,501)%8e and 180%He,501)88e reactions

[l

. 5 ‘ B I . +
darczyk’, A. Straalkowski , B. Styczen ,

JP.A. Barg, B, Brinkmiller, G. Hlowgtech,

. . ++ .
Magiera , J. HeiBburger, N. Ozlert, D. Prasulm,

r m

Rémer ond J.0. Tain

moe o

von Rogsen, J4.G.M,

The problem of the structure and especially of the iso-

topic spin assignment o7 the 8Be states with excitation
11
it

n the region 16 to 19 MeV is a long standing and stil
T -
¥ i

;
. i .
broadly discussed problenm ). he inves
tation of this states in different cluster transfer reac-
tions starting from the various entrance channels can

shed 1ight on this problem.

Two such reactions were measured using 78 MeV deuteron

and 71,8 MeV 3He beams from cyclotron JULIC namely

1z B, 548 11,3, 6,..8
C{d,"Li})*Be and “"B("He, Li}

clusters (a-particle or triton) with different isospin

Be. In both cases different

o

arg transfered,

(=]

The “Li ions from 126(d,6Li) were measured at few
scattering angles Byap = 190 - 30 using two AE-E semi-
conducter counter telescopes for particle identification.
A typical exampie of the measured spectrum is shown in
fig., 1. In the high excitation region the 16.63/16.92 MeV
doublet

lated. A broad group of states arcund 19 MeV is excited

is observed, The 18.15 MeV state is weakly popu-

with a considerable cross section. No sign of excitation
of the state at 17.64 MeY is visible in the spectra.

20 (d,®Li) ®Be, £, = T8MeV
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Fig. 1: Sample spectrum of the lzc(d,BLi)gBe reaction

The spectra of bLi of the 118(3He,6L1) reaction were
measured by means of the magnet spectrometer BIG KARL

for scattering angles Glab -g" - 42%, The af gag - E
plastic counter telescope placed behind the position
sensitive MWPC detector in the focal plane allowed the
particle identification. In Tig. 2 the spectrum between
16 and 20 MeV excitation energies measured in two vruns

is shown for an angle CIPR 10 °, The different relative

transition strengths to various “Be levels in both reac-

tions under investigation is evident. In order to get
more information on the excitation mode calculations of
the angular distributions in the DHBA framework are in
progress.
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Fig. 7: Sample spectrum of the 1lB(aﬂe,eLi)gBe reaction
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1.5. Reaction Mechanism of the 22Ne(d,6L1‘)180 Reaction

WV, Oglert and G. Pdila

As part of a systematic study of the alpha transfer among
nuclei of the sd shell the (d,6Li) reaction has been mea-
sured at a bombarding energy of 80 MeV on ZzNe. Anguiar
distributions were obtained in an angular range of g% to
3% 1ab. in the
wave Born Approximation (FR-DWBA} calculations alpha-spec-

framework of finite-range Distorted-

troscopic factors were extracted. Experimental data and
FR-DWBA analysis leading to spectroscopic information

were presented in an eariier reporti) and will be pub-
lishedz). Due to structure reasons and experimental

limits guajitative comparison to sd-shell medel calcula-
tionsa) can be made only for the low lying states with
excitation energies Tess than 4 MeV. Fig. 1 displays these
results for the low lying states and shows that these re-
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Figure 1: Relative spectrogcugic factors for the members
oF the ground state band in 180. The full peints (solid
Tines) denote experimental (theoretical} spectroscopic
factors relative to the ground state transition, the open
point {dashed line} relative to the 20Ne=150; . transi-
tion. -

lative spectroscopic factors for the 2; and 4; final
states agree o shell model calculations within a factor
of two relative o the ground state transition (full data
points, solid lines for thecry) and that the ground state
transition relative to the 2ONe(d,GU)lE’Og s
is a factor of two smailer than predicted Ey.the shell
model calculations. Since the absolute cross sections are
believed to be accurate within 20 % the factor of two
discrepancy seems to be significant at least for the com-

transition

pavison of relative experimental and theoretical results

for the investigated system.

The strong collectivity of the Tow lying states suggests
the neccessity of employing the coupled reaction channels
formalism (CRC). Indeed an analysis in the framework of
CC-DWBA resulted in rather good agreement between theore-
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Figure 2: Influence of inclusion of different reaction

pathes to the one-step transition for the final 2* state

in 180,
tical and experimental angular distributions in view of

both the shape and the magnitude, Fig. 2 demonstrates the
influence of two step pathes on the finai 2" state in
180. Whereas the direct one step process {dashed line)
leads to very low cross sections an increase of a fac-
tor of 20 is observed due fo the centribution of the
reaction path via the ground state transition followed

by the inelastic excitation (dashed-dotted line). Inclu-
sion of the two step path via the transfer o the 4t
state in 18O (solid line) leads to a destructive inter-
ference and gets the cross section down, close to the
dashed
CC-DWBA
of the

experimental values which are indicated by the
1ine underneath the solid 1ine. Results of the
calculations are given in Ref. 4. In extension
CC-DWBA calculation we tried to describe all three mem-
bers of the ground state band in the CRC framework i.e,
to describe the 0+, o7 and 41 szates in 180 by

the solution of the Schridinger-squation system of the
{ incluaing only

Since the parameters

coupled channel problem
two step contributions explicitly).
entering into this type of calculations are mutually

interdependent, effects of possible uncertainties are

~eventually aualitatively and quantitatively more sensitive

and of stronger significance than in usual DHBA calcula-

tions. Here we only can Tist such uncertainties, a more

detaited discussion will be given e}sewherez)

a) phases entering into the calculations have o be con-
sistent among the different transfer spectroscopic
amplitudes themselves as well as with the phases of

the inelastic transition ones and, furthermore,

with-conventions used in the computer code for calcu-
lating the angular distributions,

absolute valtues of spactroscopic factors were calcula-
ted by a shell model code3), however, the degree of
reliability of these values is unknown,

optical model and bound state parameters are subject

“..to considerable uncertainties for the simple DWBA as

b)

well 'as (because of mutual  interdependence even

stronger) for the case of CRC calcuiations.




For the present CRC calculations spectroscopic amplitudes
and phases were obtained using the shell model code of
Chung et a?.3); the deformation parameters were selected
from experimental results from the 1iterature5_8); the
coupled channel code CHUCKg) was used; employing the coup-
Ting scheme as shown in Fig. 3; and optical model and bound
state parameters were employed as in the FR-DWBA calcula-
tionsl’z), changing the radius parameter of the bound state

from 1.56 A3 fn to 1.65 a3
the deuteron optical potential was lowered to 1.15 fm accor-

fi. The radius parameter of

N
ding to the results of the analysis of scattering experimentsl“i

Figure 4 shows the resulis of the calculations and demon-
strates that the experimental angular distributions for
the O+, 7" and 4% state in !

ampTitude as well as in shape using the CRC formalism.

80 are well described in

However, two changes of parameters entering inte the

calculations were made: i)} the phases of the spectrosco-
pic amplitudes leading from the 2" state in 22Ne tec final
180 were multiplied by -1 agd ii) the potential

R optical poten-

states in
depth of the real volume part of the
tial for OLi - 18
other states of 1805.'Bath changes might have some
physical justifiaction, which has to be investigated by
further studies on the same and on different systems. In
spite of these questions we may conclude: Employing the

was Towered by 12 % {not for the

rather complex CRC analysis good agreement between ex-
perimental results and theoreticai predictions is ob-
served. The spectroscopic factors predicted by shell mo-
del calculations prove te be very reliable in the sense
that any significant change of cne of the individual
transition strength did worsen and not improve the simul-

taneous description of the data for the three members of

the ground state band in the final nucleus 180.

L
T
2
L
0" . —

CROT——————TY
22Ne §0

Figure 3: Counling scheme used for the CRC caleulations.
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Excitation of K¥ = 27 Band States in EO’QQNe via

the (d,ﬁLi) Reaction

1.56.

G. Pdlla and W. Ozlart

Recent analyses {preceding contribution and ref. l)} have
shown, that the strong collectivity of the low lying
states makes necessary to empioy coupied chanpels {CC)
formalism in the interpretation of o-transfer reactions
on sd-shell nuclei. In general both, one- and two-step
processes fesd a state contributing coherently to the
reaction cross section and their interference effects, the
magnitude and the shape of the angular distributions.

The 24’25Mg(d,5L1)2D’22Ne reactions ieading to the lfow
Tying members of the ¥=2~ rotational band were analyzed
by using a coupled channel (CC)} DUBA method (code CHUCKEL
Experimentally the J7 = 37 states {5.61 MeV in ZONe and
5.91 MeV in 22Ne) were strongly populated, the transi-
tions to the unnatural parity J7 = 27 (4.968 MeY) and

3 T (7.004 MeV) states have been found to have medium

J
20

yields in , even

Ne (in 22Ne they were not reso]ved)3)

Farinn

tine s n wormed e
tation of these latter fransitions

though the exci
bidden via direct a-transfer in a zero-range approxima-
tion. Since the B{E2) transition strengths between the
37-27 and 37-4°
states were assumad to proceed primarily through multi

states are large the excitation of these

step pathes.

The coupling schemes used in CC calculation are shown in
the Fig's. Existing no strong inelastic coupling between
the members of the ground state and K=2~ bands, in this
calculation the K=-2 band is included explicitly only,
the a-transfer transitions to the g.s. band members have
been taken into account through the imaginary potential
and have been investigated separatly in a CC-analysis

For the a-cluster ZM+L=7 was used for the transitions to
7 = - states with (sd)E(Op)_l The trans-
fer form factors were calculated in a zero-range approxi-
mation applying finite range correction and proper zerc
Potential parameters used are the

configurations.

range normalization.
same as in ref. 4). The deformation parameters for the

g.s.
and scaled according to 3R,

band were taken from inelastic scatiering analysis
For the K" = 27 band 25 %
larger 82 values were useds). The angular distribution
results are presented in fig. 1 and fig. 2, the spec-
troscopic factors in table 1 including a corrasponding

R N
SU{3) prediction ). The experimental spectroscopic factors

o ) S/ Dg s,
Transition Lo SU(3jE) . QWBAZ}
T19- e

03" 3 2.65 3.06 3.81
2t 3 0.35
274" 2 -1.1
otag” 5 0.26
By e
0">3" 3 0.50 0.5 2.44
05" 5 0.99 -0.99  <0.2
23" 3 -0.17

Table 1: a-spectroscopic factors.
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Figuyre 1: CC calculated and °xpnr1mnntA1 angular distri-
Gutions for negative parity states in ¥Ne.
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Figure 2: Predictions of a coupled channel calculation
compared to the experimental angular distribution for -the
3" states in.22Ne. :

deduced by CC_ta1cu1ation are related to that of the
ground state arising from CC analysis regarding the g.s.
bandl). The results prove the justificaticn of the assump—

t1on of a mu]t1 step react1on mechan1sm
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Proton-Hole States in Co-Isotopes Observed via
the (d,3He) Reaction

1.7.

. . . e
. Morinov, G.P.A, Berg, J. Bojowald, 5. Gepal ~,
Himuatech, S.A.

Metfburger, W. Ozlert, D. Paul, J.G.M.

Moriin, C. Mayer—Birvake,

e

Rimer,

¥, Rogge, J.L. Taim, P. Tursk, L, Zemfo, R.B.H.
+ v ot 1 + . L R ++
Mooy , T.W.M, Sloudemans , 5. Erant , V. Paar
ot ++
M, Vouk , V. Lopae
The structure of the cobalt nuclei is interesting from a

theoretical point of view, since, on the basis of the

ized by

v one profton

simple ghell m e character
hole structure in the lf7/2 shell.
gated the (d,3He) reaction on Ni-isctopes leading to fi-
nal states in Co. Experimental results of the

82Ni (d, ke) 2), Here
we compare these data to theoretical predictions. The

58, 3 . -
Ni(d, He} C" reaction is in prograss .

; they are

Therefore, we investi-

61Co reaction were presanted ear1ier1

analysis of the
Preliminary results are avaiiable in the sense that the
high resolution data taken with the magnetic spectrometer
BIG KARL in the angular range of 3 1o 25° are analyzed.
The measurements of the same reaction in the scattering

chamber arz planned for the near future. The AEL-E counter

is complementary necessary to obtain
a wide excitation energy range and

telescope technique
energy spectra over
to enstre the absolute normalisation for the cross sec-

tion measurement.

the present analysis of the 62N€(d,3He)6

= 78 MeV we in particular consider the importance

In 1Co reaction

at b
of tge finite range effects on the validity of the DWBA
calculations at high energies. At first, zero range cail-
culations with the finite range effects faken inte
account by means of a local energy approximation have
been performed using the code DWUCK4 3) with a value of
0.77 fm for the finite range correction factor and deu-
teron optical potentials as extracted from the globai set
of Daehnick et aI.Q). 3He potgntia]s (H1, H2 and H3) were
derived from Hyakutuke et ai.> (which are all shallow
potentials with Vy ~ - 108 Me¥) and (H4) from Shepard
et 21.%) (5 deep potential with Vy = - 160.13 HeV). Two
bound state parameter seis (Pl and P2) were fested with
these 3He potentials. Details on the individual parame-
ters are given in Ref. 2. Figurs 1 shows some examples of
DWBA calculations employing the various potential combi-

nations. It seems that the zero range aaprox1ma;zon, with

—r
")
Y

[

et

F
[N

e}

, cannot reproduce all the tested an-
Exact finite range calculations have
3). Results

energy approximation
gular distributions.
therefore been performed using the code DWUCKS
of these calculations for four states are shown in Fig. 2,
using & shallow potential (HI) as well as a deep poten-
tial {H4} for the e particles. It §s demonstrated that,
by using the deep potential for the 3He particies,
now possible to reproduce all of the four selected experi-
mental anguiar distributions for the final levels in 6160
quite nicely. Full finite range DWBA calculations have
therefore been performed for the excited states analyzed

it is

in our work, using the DNUCKS program and -the deep poten—
t131 for: the 3He partzcles o

B C
LY Ex=2238MeV |20 j=1/2%
A
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Figure 1: Results of zerc range DWBA caiculations together
Wi1th a selection of experimental angular distributions.
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Figure 2: Results of fuil finite range DWBA calculations
together with & selection of experimental angular distri-
butions. Hl and H4 are Shallow and deep He optaca] poten-

tials, respectively.
g |
-9t were

LYE

Sheli-model calculations for the system 82y
performed in the model space:

62,:: . 16 & 15 7 61 156 .14 7
Ki: 7 ro o+ f7 r SRR
where f7 denntes the 1f7/2 orbit and r stands for any of
the orbits 253/2,

function of $1Co contribute to f7/2 pick-up, whereas the

Co: f

5/2 and 291/2 Both terms of the wave

first term only contributes to pick-up of an r particie.
The interaction has been obtained empirically from a fit

"to experimental excitation energies of A=h2-60 ﬂuclei7).
~Excitation of one f?/z particle into the upper fp-shell

orbits is assumed in the model space. Figure 3 compares

the experimentally observed level scheme to the shell mo-
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Figure 3: Calculated (shell model}, ex?erimenta], and
calculatad (PTQM) energy spectrum of ®1Ce for 7/27, 5/27
and 3/27, 1/27 final states. lLevels denoted by + have

a very small spectroscopic strength. The experimental
states are tentatively assigned to the theoreticai levels.

del predictions together with further theoretical predic-
tions of the particie-quadrupole pheonon coupling. The
assoctiation of the thecretical predicted levels to the
experimentally observed ones is not unigue and has been
made on the basis of: excitation energy, known and/or de-
termined spin and parity assignment and predicted versus
observed spectroscopic strengths.

The caleulations for the energy spectrum of 6150 were per-
formed by coupiing a preton quasiparticle to the anharmo-
nic guadrupcle vibrational core, employing a Hamiltenian
characterized by the SU{6)} symmetry: the core nucieus

62Ni is des¢ribed in the SU{E} quadrupcle phenon model
TOM, which is equivalent to the well known IBM, and °*Co
is described Tn the SU{5) particlie-quadrupcle phonon coun-
iing model PTGM, which is equivalent to IBFM, An explicite
description of the evaluation of the energy spectrum of
6180 is given in Ref. 2) and in references cited therein.
The negative and positive parity spectra of 6100 obtained
by diagonalization of the PTOM Hamiltonian are presented
in Fig. 3 and in Fig. 4, respectively.
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Figure 4: Experimental and calculated (PTQM) energy spec-
trum of ®1Co for 1/27 and 572+, 3/2% and 11727, 9/2° final
states. Levels denoted by + have & very small spectrosco-
pic strength. The experimental states are tentatively
assigned to the theoretical levels.

Using PTOM wave functions of the iow-lying states in 61C0

and the TQM wave function of the ground state of 62N1 we
calculated the spectroscopic factors for the reaction
62Ni(d,3He)6lCO. The sums of the spectroscopic Tactors
as functions of excitation energies are presented in
Fig. 5. The spectroscopic information has been coliected

LI s S s D D I (I S - A B B B R

RITTH

}:CZSH

1Kk - 06550

Excitation Energy {MeV}

Figure 5: Experimental (solid lines) sum of speciroscopic
strength versus excitation energy plotted for ¢ = 3, 1, ©
and 2 transfers, compared to the predictions of sheli-mo-
del calculations {dashed lines) and of the PTQM calcula-

tion {dotted Tines).

for the individual g-ftransfers only, since experimentally
a j-dependence is not detectable. For z = 3 the shell mo-
del? predictions are too small relative to the experimental
values whereas the PTQM calcuiations show a very good
agreement. Quantitatively the same is true for the g =1
results, where the shell model calculation fails to pre-
dict the observed occupation of the 93/2 orbit.

For & = 0 and g = 2 transfers the shell model calculations
are not suitable to predict strength because of the trun-
cated model space. The agreement between experimental data
and PTOM caleculations is also very reasonable, but cbvious-
iy some additional states outside the configuration space
of the present calculation appear for the 2 = 2 transfer
strength in the energy range considered.

For ¢ =5 the PTQM calculations predict very small spec-
troscopic factors for the first excited theoretical
states 11/2° and 9/27 which Tie at about 1.5 HeV. The
corresponding experimental states have not been detected
most 1ikely because of very low cross sections; however,
preliminary results of the 58N€(d,3He)57Co reaction reveal
in this energy region two relatively weakly populated
states excited by & = 5 transfer. Especially interesting
theoretical challenge i3 posed by the fact that the ex-
perimental spectroscopic factor of the first 3/2 state
at 1,028 MeV excitation energy is sizeably (spectroscopic
factor s = 0.17) larger than those of higher-lying 3/2°
states (3/2° state at 1.953 MeV: s = 0,014; 3/27 state

at 2.313 MeV: s = 0.017). The admixture of the high
IyiTg p3/2 quasiparticle state into the first

3/2  wave function is naturally small; in  our
PTQM wave function the {j, ni; J» = ng/Z’ 00; 3/2> com-
ponent (the quasiparticie J and the n-phonon state of an-
guiar momentum I are coupied to the total angular momen-
tum J).amounts to less than 2 %. Taking into account Tow




occupation probability of the P3/0 state (v 0.1} the
spectroscopic factor due to this component viould re-
sult in a spectroscopic factor Sp3 5 % 0,002; which is
two orders of magnitude below the experimental value.
However, due to Turther terms in the PTQM transfer opera-
tor, we get a sizable contribution to S 5 from the do-
omponent }f7/2, 123 3/7>, this ona phonon multi-
plet component amounts to 8C % of the norm of the wave

minant ¢

function.

On the other hand, due to more scattered components in
the wave functions of higher-lying 3/2° states {as in the

is

neighbouring nuclei) the total contribution to Sp3/2

smaller,

Thus, PTOM in a physically transparent way accounts for
interesting pattern of the spectroscopic factors of 3/2°
states, which at the first sight contradicts to the par-
ticle-core concept,
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1.8. Inelastic two-step processes in single-nucleon

transfer reactions
G. Palia, W. Celevrt, A. Djalcers, P. Turask, and
L. Zemo

The role of two-step processes in single-nucleon trans-

Fora

=4 Fans-

2855

target is revealed. A complete measurement is in progress

of different type, namely, neutron and proton

fer in both of pick-up and siripping reactions on

undertaken concerning the reactions 2SSi(d,x),

X = dyd'att; S5Si0n,y), ¥ = tatadya and 2581 {a,z)s

Z = a,n's7,L, which should offer an excellent possibili-
ty to show the importance of the higher-order transfer
processes invelving inelastic fransitiens of quadrupole
nature preceded or followed by a transfer step. The data
are analysed in the framework of the coupled channels
reaction theory, the spectroscopic amplitudes needed in
analysis are calculated, using the code CHUCKl) and the
SM~code from Chung et a].z), respectively.
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1.9.  Observation of the 1.6 MeV level in °8
4, Dialoeis, 7. Bojowald, 4. Paid, and B. ntol-
kovid
In spite of numerous experimental endeavoursl_S) to mea-
sure the parameters of the 98 state analog to the first
excited 1/2+ EX = 1.68 MeV level in gBe, its existence
has so far not been clearly demonstrateds). Although
anomalous structures have been observed in the right
region of 98 excitation, 1t was always possible o ex-
plain the features in an alternative manner, and not as
a state3‘4). This 1s mainly due %o the fact that the
searches are generally based on the analysis of inclusive
spectra where the continuum yields due to three- and
four-body breakups may add to the discrete spectrum and
could in principle obscure the state in question.

Details of the experiment and some preliminary results
have been presented previous?y7). Figure 1 shows a "clean”

1000
98e {3He,t} 9B
1 Ezpge =90 MeV
Blap =7°
_
i
s
=z
=
T
=)
N = 2
£ 500 g
= w
= | N
3 g
a
] &
I

Ex {MaV)

Figure 1: "Clean” triton spectrum (i.e. afier subtraction
of @ Iinear background from the %Be({3He,t)®B reaction at

80 MeV. The dashed, dotted-dashed and dotted curves re-
present, respectively, the 1.6, 2.36 and 2.79 MeV peaks
as obtained by the fitting routine.

spectrum {after subtraction of a linear background) at
QLab = 7°. The existence of two peaks, one on each fiank
of the 2.26 MeV level is clearily demonstrated. The clean
spectrum was subjected to an automatic fitting program.
In-this procedure, the respective centroid positions EC
of the statas at EX = 2.36 and 2.79 MeV were fixed from
the known energy calibration. The observed width r of
the 2.36 MeV state was assumed to be given by the experi-
mental resolution Toyp® taken to be equal toc the observed
width of the ground-state peak. The other three guanti-
ties (i.e. EC and Ty of the 1.6 MeV and T, of the 2.79 MeV
state '} were treated as free parameters and determined
from the optimum it by the fitting routine.

From the analysis of spectra taken at 79, 8.5% and 107

the extracted centroid position and natural width T (where
r2.=.r§-p§xp) of the 1.6 MeV state are 1.55 + 0.03 NeV and
1.0, +.0.2 MeV, respectively, wnile the width of the

2,79 MeV level is found to be 0.66 z G.06 MeV. It should
be noted that the quoted errors are considerably larger
than the estimated uncertainties introduced by assuming
different background shapes in the analysis of the

8 = 70 spectrum.

Lab
The centroid positions of the peaks are cerrected for
the shift introduced by the fTact that the Breit-Wigner
shape of the resonance is affected (according to the
Fermi's Goliden Rule) by the phase space of the particu-
Tar multiparticie final state to which the structure of
the state helongs. The analvtical expression for the
shift (for a resonant state measured via a reaction
channel involving a threebody finalstate) has been given
by DeibarS). Assuming a p+88e {a+a) structure of the

98 1.6 MeV level, the shift (calculated in accordance
with the theory for the analog gBe stateg} is found to
be -36 keV, bringing the rescnance energy of the first
excited Tevel of 35 to B, = 1,61 = 0.03 MeV. The

width of the Jevel remains I = 1.0 + 0.2 MeV since this
is not significantly affected by the correction. The po-
sition of the state, as extracted from the present ex-
periment, s very close fo those determined in earlier
attemptsl-s) Judged inconclusive so far, The width for
the 2.79 MeV Jevel is in excellent agreement with that
quoted in Ref. 6.
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1.10. Relative contribution of s-particle and by-
Tike fragment transfers in 11B + 3He systems

I .t . . .t +
L. doresyk , A, Stezalkowski’, B, Stycaen ,
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G.F.A. Berg, B. Brinkmiller,
£, :’-fagiera+T, J. Metssburger, V. Oglert,
D, Prasuhn, P. v. Rossen, J.05.M. Rimar and
J. L. Tgin

Observation of 7Be and 7Li reaction products from the

transTer reaction in the i

B + 3He system allows to study
the relative contribution of different clustering modelis:

the a- or 4H—c1uster transfer as shown in fig. 1.

g i "B Re

s b

He Be  He i

Fig. 1: Possible reaction channels in 113 + 3He; o= or
%H-cTuster transfer, left side, respectively right side
The experiment was performed at the cyclotron JULIC using
the e beam at E]ab = 71.8 MeV. Detection of the emitted
7L1 and 78e nuciei by means of the BIG KARL magnet spec-
trometer allowed the sepavation of the ground stafe
transition from that leading to the first excifed states
of 'Li or 'Be, Identification of 'Li and 'Be particles

in the focal plane of the spectrometer was performed
using a AE{gas) - E(plastic) telescope placed behind the
MWPC position sensitive detector. For some angles the
transition with the simultanecus excitation of both nuc-
tei was aliso observed although with much lower cross sec-

tion. An example of the measyred spectra is shown in fig.2.
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Fig. 2: 7y spectrum of the llB(SHe,7L1)78e

The preliminary results for the measured angular distribu-
tions in a wide angular region (up to ~ 80° for YLi and
60% for 7Be) are presented in fig. 3 for the ground and
the first excited state. The absolute cross sections were
determined using the g s 3He elastic scattering data

for the normalisation.

Institute of Physics, Jagellonian University, Cracow,
Poland

on leave from the Inst. of Phys. Jageilonian University,
Cracow, Poland

As expected it was found that the cross sections for the

» transfer are by about an order of magnitude larger than
for the transfer of the 4H fragment. The results will be
analyzed in the coupled reaction channels (CRC) formalism
as single step transfer or seguential and simultanecous

two subcluster transfer,

10 1 .
B (*He, "Li) ., B(He, 'Be)
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Fig. 3: Measured angular distribution in the l‘B\JHe, LT}IBe

and 118(3He,786)7

L1 reactions

Besides befng interesting on its own the investigated

reaction s one step of the possible two step transfer
. . 7 s L1

processes into which the 12C(d, Be}7L1 reaction ) could

be split as seen from fig. 4.

2014 "Re) L]

s . e . - L1272,
Fig..4: Possible two.step transfer in ?
3

The spectroscopic information on this analysis will be
used in the CRC calculation o rormalize this contribu-
tion to the two step processes of the 5 nucieon transfer
in 12C(d;78e)7Li. The “He energy of Ey = 71.84 MeV vias
chosen to ‘match the deuteron energy E]ab = 78 MeV in the

-
1ZC(G,’Be}7L1' experiment in order to obtain the same
center of mass energy in the exit channel of the 115 + 3Hs
system. e
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High Lying T=3/2 Analog States in 1°C via the

.11, 1253
C{“He,e) "C Reaction
T.G.M., Rimer, G.P.A. Berg, B. Brinkmiller, F. #in-
+ . - - .
terberger , &, Hlawmtsch, 4. Mogiera, J. Melss-
burger, W. Oszlert, 0. FPaul, D. Prasuhn, P. vor

Rossen, J.L, Tain

\ - - .
In order to explore the rather unknown region ) of exci=-
tation energies above the first T=3/2 analog state at

1
= 15.10 MeV in ~OC, we started an investigation of the

E

X

spectrum of T=1/2 states in the region of this lowsst
e e B N - 13" .\..d ‘[‘,‘)iz ot ot Murm den b
[ S bt U [#3k] OL[!CI Ey FLALT D . [PAT L M) e
relatively Tong lifetime, the widths of the T=3/2 states

are very narrow compared to the T=1/2 states.

The experiment was performed using the high resolution
ragnet spectrometer BIG KARLE) with the variable disper-
sion set teo 14.8 cm/%. The dispersion of the beam line
operated in dispersive mode was matched o the speciro-
graph's dispersion. This allowed to open the beam line
s1its and to obtain the relatively high beam current of
40-50 nA, which corresponds to about 5% ifransmission
through the monochromator without loosing resclution.
solid angle was do = 1.6 msr limited by a strong R346_
term of the spectrograph. The possible correction of this
term, which would have allowed an opening angle of 2.5
msr, was not carried out since this would have taken one
For position detection, angle measure-

The

day of beam-time.
ments and particie identification, independent deteciors

were used:

1, In the focal plane & 0.8 cm thick multi~wire drift
chamber (MWDC)3) with an active area of 90 ecm x 8 cm
was used for position measurements norizontally and
vertically.

2. A 3.5 cm thick AEgaS—counter for energy-ioss signals.

3. At a distance of 18 cm behind the first counter, a
second MWDC for horizontal position measurements
allowed to define the angie of the particle track in
the focal piane.

4. A C.5 cm thick aE-plastic scintiilation counteré)
provided 1ight output signals.

5. An E-plastic scintillation counter was used as an anti-

coincidence counter to suppress the high background
Trom 3He break-reactions.

Single charged el

stripper foil inserted between both dipoles of the spec-

F particies were suppressed by a

trograph.

With this arrangement we measured an angular distribution
from 9y, = 13% o 46° in the excitation energy range
EX=14.5 - 20 MeV at an incident energy of 68 MeV. A typi-
cal spectrum is shown in fig. 1. Special care was taken
to correct for nonlinearities of the MWDC and its drift-
12
We

Maier

Energy calibration was done using
The data analysis is in progress.
8¢ target by H.J.

time calibration.
and 2831 targets.
acknoledge fhe fabrication of the
from the_Uﬂjversity of Munich.
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Figure 1: Sample spectrum of the

References

1) Ajzenberg-Selove, Nucl. Phys. A360 (1981) 1

2) S.A. Martin, A, Hardt, J. Meissburger, G.P.A. Berg,
U. Hacker, W. Hirlimann, J.G.M. Romer, T. Sagefka,
A, Retz, 0.W.B. Schuit, K.L. Brown, K. Halbach, HNucl.
Instr. & Meth. 214 {1983) 281

3) G.P.A. Berg, P. von Brentanc, 8. Brinkm@lier, G,
Hlawatsch, J. Meissburger, G.F. Moore, D. Paul, J.G.M.
Romer, M. Rogge, $.J. Seestrom-Morris, J.L. Tain, L.
Zemlo, IKP Annual Report 1982, JUl-Spez 202, p. 116 and
D. Paul, Diplomarbeit {1983}, University Minster

4y 6. Miller, G.P.A. Berg, A. Hardt, H.J. Kelleter, S.A.
Martin, J. Meissburger, A. Retz, JUl-Spez 84 {1980)

*Institut fiir Strahlen- und Kernphysik, University Bonn,
F.R, Germany

- 13=. ..




1.12.  Measurements of electron capture and stripping
cross sections for A1, Ni, Ag and Au targets at
63, 99 and 130 MeV “He beams

. + P 2 SN N
I. Hatgyora , G.P.A, Berg, G. Gaul ~, H. A¥rzsaa+++,

W, Hirlimawn , S.4, Movtin, J. Heifburger,

=

TG M, Rimer,

. 1,2
In our previous work™? ) we have shown:

1
1) electron stripping cross sections o -for 3He*+ of 68,

99 and 130 MeV in L, N and He are wei? exlained by
Giliespie's Born approximation caiculation,

2) the projectile velocity dependence of o, for Ar,
however, shows the systematic deviationz} from the calcu-
lation and

3) electron capture cross sections 9, for 3He2+ of the
same energies in C, N, Ne and Ar are close o the calcu-
lations by the present electron capture theories, but

the veiocity dependence in the region of vy = 30 - 40 v,
(Vi: 3He nrojectile velocity and vy velocity in atomic
units)cannot be explained by any theorie . We measured

o (et = He?*) and o (FHe'® + ety on A1, M, g

and Au targets of different thicknesses at 68, 98 and

130 MeV 3He energies using the beam of the cyciotron
JULIC focussed on a target in the scattering chamber of
the magnetic spectrograph BIG KARLS). Details of the

beam transport and geometry of the experiment have been
described in ref. 1}, The 40 targets were mounted on a
multtiple target drive4) and remotely controlied to change
the position one by one. A 242Th o source and a Si osur-
face barrier detector were mounted just above the beam
position so that we couid measure the energy loss of

6 MeV « particles in the target foils without breaking
the vacuum, The thickness of the carbon backings on which
most of the targets were evaporated was determined by
measuring the elastic scattering yield of the 68 MeV 3He
particles at O4p = 8° where the carbon elastic line is
clearly separated from A1, N7, Ag and Au tines, Using
energy loss caiculations the thickness of the 40 targets
was determined., The results show a good agreement within
10 % with those from target weighting method. The !t
yvield from the targets was analyzed by the magnetic spec-
trograph BIG KARL at B4 © 0%, The beam current was
monitored using another Si surface barrier counter.

As a typical result of present experiment the thickness
dependence of the 3Hel+ yield from Ag is shown in fig. L.
The curves are fitted by a least square fit to y = yo(to)x
&9 N(o /o) (1 - & F), with y (t,) the el yield
from tha carbon backing and estimated from previous
resu?tsl}, to the thickness of the carbon backing, N the
beam intensity and t target thickness, The results for
ag at E3He = 139MeV as function of the target atomic
numberZt are shown in fig. 2. The oresent resuits are
guite well explained by the Gillespie's calculation for
C, N, Ne, Al and Ar. We observe deyiations for Ni,
Ag and Au which are according to Gi]]espies) due to in-
accuracies of the wave functions.

E3p.= 68 MeVY
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Fig. 1: Telt yield in units of nanoseconds {nC} as func-
tion of the thickness of the Ag target

UBOhT ———————
3

o
s

~
L YBohr e @

T T
e
@

<
['s]

%“-=40(130M8V3H@}
(o]

Ly
1

] H !

] ]
0 20 &0 0 80
Fig. 2: Stripping cross section og as function of the
.. target atomic number7¢ at-130 MeV 3He

Pre}iminary egperimenta? resulis for the electron capture
v, ere shown in fig. 3. The projectile velocities of )
36 - 40 v, are not sufficiently high to expect K shell
capture in 3He atoms from Ni, Ag and Au atoms. These

data wiltl.be compared to current theoretical models.
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Fir. 3: Preliminary vesults of the measured and calecula-
ted electron capture cross sections g¢ for
various targets with atomic number Zt. For the

calculations see ref. 2.
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The 9Ozr(3He,t)90Nb reaction and the Gamow-Teller
strength

G.

J.L. Taitn, G.P,A. Berg, B. Brinkmiller,
Hlaatech, A, Magiera, J. Meifburger, W, Celert,
J.G M,

There exisitsa considerable amount of experimental infor-

v N +
Rémer and G. Sondermann

mation on the localization of the Gamow-Teller (GT)
strength in medium and heavy nuclei mainly from the

In 902r a discrepancy

{p,n) charge exchange reaction,
exists between the {pan) reactionl) and the (3He,t)
reaction®’ where the structure of the bump above the
isobaric analog state {IAS} is seen to be composed of
two parts. The lower part is identified as GT from the
shape of the angular distribution and has an excitation

energy considerably smaller than reported in ref. 1.

- - . ) 9
fo clarify this discrepancy we measured the ‘OZr(3He,t)
ggéb reaciion using the highest incident beam energy

E3He = 135 MeV from the cycliotron JULIC. In order to
measure at small scattering angles with good energy
resgjution we used the magnetic spectrograph BIG KARL,
The position spectra of the momentum anaTyzed particles
were measured with the 30 cm multi-wire proportional
chamber (MWPC). & dispersion of D = -4 cm/% was used to
obtain the large energy range of 8 = 12 MeV. The reso-
lution of 1B0 keV was mainly limited by the target thick-

ness of 4,2 mg/cmz. A sample spectrum is shown in fig. l.

300 90w 13 96 L -
Zr(“He,t) "'Nb 3 22
i Ese=135MeV R
v 200 7 = k
—t— |
[ .
= —
<
(-
100
0 T

H
1000
Channal number

T
500

Fig. 1: Triton spectrum of the 9GZr(3He,t) reaction at 7°.
Spin-parity and excitation energies of some identified
peaks are indicated, The dashed line represents the
extracted Tinear background under the GT bump.

The broad bump above thne strong IAS and some of the Tow
tying {ngg/2 vg;}z) states are cleariy seen. Although
there is some structure in the bump it s not clear,

that there are two parts with different angular distri-
butions in the measured range from ®ap = 3° 1o Oran = 99,
The centroid of the broad structure is ~ 8.3 MeV and the

width ~ 4.5 MeV in agreement with the result of ref, !

L

is
The measured angular distribution is shown in fig. 2
together with the angular distribution of the Tow lying
1*, éf, gt states and the IAS. The similarity between
the ?ngu]ar'distribution of the broad structure and the
Tow ]ying”1+ Sﬁate confirms that it contains mainly GT
strength.
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The reaction mechanism of the (3He,t) reaction is not
fully understood. Knock-on exchange3) and two-step
better
the

toot.

. Lo 4 L.
contributions ) are assumed to be important. A
understanding is essential if one wants to use

(3He,t) reaction as an effective spectroscopic

Therefore we were also interested in studying the reaction

mechanism at the present incident energy of 135 MeV.

The 90Zr target is well suited for such studies since the

structure of the strongly populated states is simple.

Here we assumed the configuration (niggfz vig;}z) while
the GT resonance is (ﬁlg7/2 Ulgé}z)- He used a microscopic

DHBA description with a SHe-nuclecn folded type inter-
action, Calculations were carried out with the code
DNBASSS). Optical model potentials were taken from
Dialeeis et a?.ﬁ}. The shapes of the calculated angular
distributions were sensitive to the choice of the optical
potential. The best fitswere obtained with the shallow
potential family with volume absorption of ref, 6, The
effective “He-nucleon interaction was taken from ref. 4.
The results are shown as solid curves in fig. 2 and are

normalized fo the data. The normalization factors N (N =

Gexp/gca1c ) needed are: NIAS =4, N2+ = 2,5, N1+ - N3+ =
0.6, Ner = 1.4,
‘]00 _I T 17 g T 7T L T T 11117 E L] f H

070(°He, 1)"°Nb
F3.=135MeV

0".501MeV
(IAS)

GT.8.3MeV -

01

da/d {mb/sr)
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i
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15

Fig, 2: Experimental and calculated angular distributions
for the GT bump and some of the measured states. Theore-
tical curves are normalized to the experimental points.
For the meaning of the different curves see the text.
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For the natural parity states another more realistic

effective central interaction was also used. [t was
obtained by folding the Paris effective nucleon-nuclecn
interacti0n7) with a Gaussian 3-nucleon wave function.
The folding was done analytically by converting the
Yukaws type Paris interaction into an equivalent Gaussian
The caltculations
. 2. The renormalization factors are NIAS = 3.7,

ot = 2, similar to those with the simpler nteraction.

The effects of the approximate inciusion of knock-on
exchange are under investigation,
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1.14. Study of giant resonances in small angle « scatie-
ring experiments

H,P, Morseh, P. Decowski, M. Hogge, P. Turek,
L. Zemto, G.P.A. Berg, J. Meilburger and J.0.04

Riimar

We have completed our studyl) of glant rescnances in
2Ong in small angle a scattering in the angular range
1.5 - 8° using the magnetic spectrometer BIG KARL. The
spectra reveal a rather complicated structure of giant
resonances with excitations of quite different muitipo-
larities. The resulting multipole strength distributions
for even muitipolarities are given in fig., 1, details are

discussed in ref. 2.

L=0-6 muliipole strength distributions in 208pyp

600
« + 208pg
il Eq=172MeY
=z 7o
]
o
[
200

200

IKP-MQ -5 66-4397

A I i

S (MeVT 0 10

Figure 1: Multipole strength distributions for even muiti-
polarities in 209Pb obtained from our analysis in compari-
son with a 7% {c,a') spectrum. The odd multipole strength
is located mainly betwsen Ey = 15 and 25 MeV.

Further, we have investigated the experimental conditions
for 0° measurements in BIG KARL. Since for giant re-
sonance exper%mentsz) a smail dispersion is used

{2-3 cm p/100 % ap) it is not possible to let the primary
beam completely through the spectirometer system because
the last quadrupole is strongly defocussing in Y direc-

A~ Em o dmale
2Ly La Ll

tian. We nave tested whether it is possib
the beam on & carbon block between the two dipole mag-
nets. We found experimental conditions under which the
Tast cross over is rather close to the place where we
stop the beam. Measurements on 12C and 208Pb targets have
shown that we can cut the inelastic spectrum at excita-
tion énergies 2 4 MeV withcout much disturbing the

higher energy spectrum. We expect that the remaining back-
ground can be cut by retracing the particle trajectories.
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115, Study of the (3He,t) charge exchange reaction at
E3He = 135 MeV

H.P. Movsch, P. Decowski, G.P.A. Berg, J.L. Tain,
M. Rogge, P. Turek, L. Zemio, J. Mzifburger and

J.G M. Rimer

We continued our effortsl) to study the (3He,t} reaction
on heavy nuclei. The main aspects of this investigation
are a) excitation of the isobaric analeg state (IAS),

b} study of the Gamow-Teller {GT) resonances and c) ise-
vector giant rescnances at higher excitation energies.
Experiments were performed at triton angles g%-5° using
the magnetic spectrometer BIG KARL. At a7 the primary beam
was stopped on an aluminum plate inside the first dipole
magnet of the spectrometer. (3He,t) spectra for 1205ﬂ and
ZOSPb taken at 07 are shown in fig. 1. The excitation of
the [AS and the underlying GT-resonance is clearly seen

on top of a continucus background.

(3He,t)  E3y=135MeV

ﬁ
|

B ap.=0°

COUNTS

6500

400

i i
[Ty

ExiMeV) 20

1
J

i

Figure i: 0° spectra of the (%He,t) reaction on *20Sm and
Z08PL . Background and GT resonance fits are indicated,

a) Excitation of the IAS
This is related to the study of nuclear densities, in
particular of the neutron excess density in heavy nuc-
Tei. Information on neutreon densities has been recent-
“.-1y extracted from 0.8 and 1 GeV proton scatteringz_s)
and also from « scattering. More details on proton-
_"neutron density differences may be cbtained in & reac-
cotion inr which enly the neutron excess contributes.
“wFurther-this reaction should have a different sensitivi-
_ty-to nuclear interior and surface parts. Both of these
“requirements are fulfilled in the (3He,t) charge ex-
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Figure 2: Differential cross sections from the (He,t)

reaction exciting the I[AS in comparison with DWBA calecu-

lations. S0lid lines: best fit description, for 208ph
this is identical to the use of the neutron density of
ref. 3; dot-dashed lines: un(r)=pp(r) and dashed lines:
older Los Alamos neutron densities from ref. 2.

change reaction exciting the IAS, Anoular distribu-

tions for lEOSn and 208

Pb a%e given in fig. 2, they
show the strong cross section rise at 0° typical of
L=0 excitation. The data have been analysed within a
DWBA approach using folding type form faciors, For

the effective isospin interaction a Gaussian form with
a range of 1.68 fm was used. The strength is obtained
from the (p,n) reaction at the same energy per nucleon
of 45 Mevﬁ). The data could be well described by use
of microscopic and macroscopic transition densities.
In the microscopic approach the absolute cross sec-
tions were found tc be strongly dependent on the ra-
of the bound state potential. Good
fits are obtained using r_ = 1.22 fm for 2Gng and
1.23 fm for 1ZDSm, the otger bound state parameters
wWera Vso =6 MeV, a = 0.65 fin and Vo fitted to repro-

dius parameter o

duce the experimental binding energies. In the macros-
copic approach the transition density ppp(r} may be
related tg(ﬁhevheutron excess density {pn(r)-pp(r)j by
oqplr) = ;ﬁf%*tﬁn(r} - pp(?}z. The correction func-
tion G(r) tazkes into account the fact that the IAS
transition requires a neutron-proton transition densi-
ty rather than a peutron excess demsity. It includes
Coulomb effects as well as effects from the different
binding of protons and neutrons. In a consistent des-
cription of microscopic and macroscopic densities the
data are well described (solid Tines in fig. 2). For
208Pb these results are very similar to the cross
sections cbtained using the neutron density of ref. 3
.derived from the Los Alamos 800 MeV proton scattering
"data. The oider Los Alames resu?tsz) yield in both ca-
ses (SHe,t) cross sections larger by about 50 %
{dashed lines in fig. 2}. To demonstrate the strong
sensitivity of the (EHe,t) cross sections to the neu-
tron excess density in fig. 2 cross sections are also

-given for Dn(r) = Dp{r) which are smaller by a factor

- 18.-

In the case of 208

IRV

of three.
extraction of bPps =
ween the 800 MeV Los Alamos (arp

Pb discrepancies in the

2 1/
- <pr > Z

exist bet-
={0.14 - 0.16 fm) and
1 Ge¥ Gatchina and Saclay resuits?:®) (ary, ~ 0.05 fm}.
Our results support the Los Alamos resuits yielding
Arnp n~ 0,13 - 0.20 fm in agreement with theoretical

studias,

b} 1% &7 resonance
This excitation which has been studied systematically
in the {p,n) charge-exchange reaction at proton ener-
gies up to 200 MEV7)
isospin part of the effective nucleon-nucleon inter-

can be used to determine the spin-

action. Using a transition density for ZGSPb from the
dominant (r%li/z)l(vils/z)_l and (nhg/z)l(uhll/z)“l
components and adjusting the L=0 strength to repro-
duce the 6T peak in the high energy (p,n) data’’

(35 - 20% of the GT sum rule 3 {N-Z)) the cross sections
in fig. 3 are well described by VJT ~ 8.5 MeV which
corresponds to a ratio VOT/VO of about 0.5 in good .
agreement with the study of 17 states in 45 Mev (p,n)gj.
In fig. 3 contributions due to the nuclear tensor force
are added characterized by [=2 angular distributions.
These are adjusted to the cross section minimum at

3-4°,

BL 1050 (3Het)MOSbL.  205Pb{3He,t)208Bi
E 2 - E.. =135MeV
=F -
=h
d N
© &
*i\%\% I = \ 6T 3
- Ey=11.6MeV £ Ex=155MeV|g
N %i% - K% :/§;T:§§ %
L L. / kY a
\ Y N
01 i .
S TN ;?\\\ﬁziff)\\
E . - -;i \
R | f \\ B l[ X
N i:’ \-L:Z L;j 1L,:Z
if
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05 2° 4°6° & 0° 2° & 6 Bowm

Figure 3: Differential cross section for the {°He,t) re-

action exciting the GT resonance. The dashed and dot-

dashed lines represent microscopic DWBA calculations for
central spin-isospin and tensor interaction, respectively.

c) Excitation of isovector giant rescnances
After a'Hetailed investigation of isoscalar giant re-
sonances in. a scatteringl) the primary motivation for
the'study of the (3He,t) reaction was the possibility
fo investigate pure isovector giani resonances in this
charnel. As the spectrometer BIG KARL has a Timited
L momentum bite of about 10 %, to investigate the con-
“tinuup features in the {He,t) reaction one has to run
With different field settings. This requires a careful
faicorrection of'?fficiency changes in the spectrometer
“and_the'detection System. Efficiency corrected spectra

" are given in fig. 4 for iriton angles of 0% ang 3°.

“Apart - from the IAS ‘peak the spectra indicate giant
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1.16.  Study of momentum transfer, mass distributions
and total kinetic energies in the reaction
238 )
Ulasa'£,55)
P. Decowski, H.P. Morsch, L. Zemto, M. Fogge,
P, Turek, G. Hlawatsch
In 238U(u,a*f1f2} coincidence experiments the paraliel

momentum transfer deduced from fission angle measuremsnts
was found to be significantly smaller than obtained from
two-body kinematicsl). In order to obtain more compiete
information on the momentum transfer and also on the pro-
perties of the fission decay in o scattering we measured
angle and velocities of the fission products using paral-
lel plate detectors discussed in sect. 13.4. . From these
data momentum transfers paraliel (pgi) and perpendicular
(pl} to the beam direction were deduced as well as mass
distributions and total k1net1c energies of the fission
fragments., Average momenta P A and pl-re?atwve to two-

body kinematics (missing Womentum transfer) as a function
]

i
%%%W-" a
Y |
8 gh=3°
] § f

Figure 4: Effwcwency corrected spectra for the reaction
TTEPR{5He ,t)20P81 taker at triton angles of 0° and 3.

resonance structures which are significantly broader than

in the inelastic channel.

This can be explained by the

fact that in the charge exchange channel mainly (T-1}
components are excited which have Targe spreading
widths. The IAS and GT excitations show the strong for-
ward peaking whereas at higher energies a pronounced
structure is cbserved which has the largest yield at 3°.
This indicates L=1 excitations containing the antiana-
log excitation of the giant dipole resonance and a dipole
spin-fiip resonance7}. At higher excitation energies the

angular dependence suggests L=2 excitation.
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_taken from the singles (c.p) datal)
in fig. 2 and the centroids

of o' energies are shown in fig. 1. The results for P
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Figure 1: Average m1551ng momentum transfer paraliel (prLE

and perpendicular (pi) to the beam axis as a func-
tion of o' enargy. The solid lines indicate calcula-
tions assuming fast emission of uncorrelated particles.

are consistent with those in ref. 1, they indicate a
sizable missing of momentum transfer to the fissioning
energies the

Fig. 2 shows

nucleus for lower o' energies. For all o
| c e
average value of po 15 consistent with zero.

B
p:' for different bins of o' energies.

the distribution of
The experimental cbservations can be well understood by
assuming emission of a fast prefission nucleon. CaleuTa-
tions have been performed for uncorrelated emission of

fast particles. Such a process describes the damped com-

ponent seen in the (a,0'p) correlation experiment
the yield is peaked in beam direction and is

1} In
such & case

described by the angular distribution of emitted nucieons
The calculations re-

oroduce the distributions of p!l

of P[I'and.p%-in fig. 1 rather well.
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Figure 2: Distributions of momentum transfer parallel to
the beam direction (p'i) for different bins of o' ener-
gies. The arrows indicate p’' in two-body kinematics.

Mass distributions are given in fig. 3 Tor excitation
energies around the fission barrier and for large ne-
gative Q-values of about -80 MeV, Even for the lowest
o' energies measured in our experiment the mass distri-
bution shows a sizable asymmetry with a ratio of asym-
metrix to symmetric Tission yield of about two. This may
indicate that in the fission induced by inelastic o scat-
tering the excitation energy of the fissioning nucleus

is not exceeding about 40 MeV even at large energy trans-
fers of ~ 80 MeV. The average total kineiic energies
changes in the whole o' energy region measured by about

20 MeV.
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1.17.  Three-body versus four-body contributions in a
58,,.
break-up on 7 M

o

R. Sigbert, H.P. Movsoh, P. Decowski, M. Rogge,

P, Turek

Direct break up of the projectiie gives an important
contribution te the reaction cross section of fast o par-
tices scattered on medium and heavy nuc?eil’z). In the
interpretation of this process in general a three-body
mechanism is assumed. This concept may not be always
realistic since in a hard collision it should be as

~1

1

e - - 1. e -~
£asy I0 KROCK out a particie In order

[V

to study details of the break up of o into “He and neu-
tron and to investigate nucleon knock cut from the target
3 38N1'(cx,ct'p).
For the detection of the protons we used plastic de-
tectors described in detail elswhere (sect. 13.5.). In

we measuUred the reactions 58N%(a, He p) and

the (u,gHe} singles specirum {fig., 1} the o break up

P71 s8Nj (o, 3Hep)
Ea=‘272Me\!
@3He=4541.39
5_
4—.
=
4]
=
@
3 3
& “
i h_iaﬁi—ie}
G
T 5
=
ks
?_‘

o—

Eape {MeV]

Figure 1 Comparison of normalized 3He spectra from the
singles (a,3He) and the («,3He p) reaction.

peak is quite pronounced. Also is shown & 3He spectrum
coincident with emitted protons normalized te the
singles (a,3He) spectrum. As the three-body break up

a + 3He + n does not involve the emission of protons the
detection of coincident protons indicates four-body con-
tributions in which in addition to « break up a nucleon
{proton) on the target is knocked out. This contributes
to about 35 % of the total e rate, which gives the pro-
bability te knock cut a nucleon in the o + %He + n break
up reaction. In comparing 3Hefprot0n and c-proton coinci-

) 21.7..

£2 +98Nj
80- I E,=172 MeV
Ij f[ O, 3He =11.3°
50 JE
i i (e ee'pl
= 1.
3 40- ‘ LEL
£
v I.
R i
- Al
i Lﬂl g ﬂ
ﬂj {er,3He 'LL
0 ’ - grllf‘"’h L) Frl 1l

S 90 EplMeV]

Figure 2: Proton spectra coincident with outgoing o' and
3He particies.

dence yields one can get information on the o break up
probability in the proton knock-cut reaction. Proton
spactra coincident withe' and 3He particies are given in
fig, 2. They have rather similar distributions indica-
ting a similar origin in both cases; this is confirmed

by the same 3He and «' velocity distributions in the
knock out chanmel. The relative yields are 4 : 1 indi-
cating a break up preobability of 20 %. The fact that the
probability of thres o four body break up is similar to
the projectile break up probability in the knock-out
channel indicates that apart from structure effects there
is no distinction in the mechanism of break up and knock-
out processes.
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1.18.  Investigation of light nuclei at high excitation
energies with three-body break-up reactions

R, Franke , H. Machner, B. Steivheuer , K. Wingen-—

der* and . von Witsck*
Various three-body break-up reactions resulting from the
bombardment of 7Li with 120 MeV 3He have been measured
simultaneously in a kinematicaily complete experiment.
Reaction products were detected and identified by means
of four aAE-E telescopes and coinciden events recordesd on

magnetic tape.

The main aim of the experiment was the search for highly
excited states in light nuclei. In particular, the hope
was that a comparison of the reactions 7L1(3He; 3He,t)4He56
and 7Li(?’He; d,a)4He* might reveal the existence of a
state with T = 2 in He since its formation wotld be iso-
spin allowed in the 3He+t channel but forbidden in the

d+a channel. The excitation energy of the lowest T=2

state in 4He has been estimated to be 38 + 2 Mevl). No

een found {fig, 1)

[

clear evidence for such a state has
although there is some evidence for a relatively narrow

peak near 47 MeV.

1 1 i ] 1 1 £ e

count rate difference

0- ﬂT. L#‘J’HM M

T U ¥ T T T T

20 30 40 50
£, [Mevl

rigure 1: Missing-mass difference spectrum

7330 3 e, t) e minus 7Li{3He;de) "He.

In 4H , a strong transition to the ground state was ob-
served in the ‘Li{He; SHe. He)™H reaction which is well
described by the P-wave phase shift 81, % alone (fig. 2},

se ghift

- de tha w
15 wne HER R

total p;ase shift
penetrability {for 1 =1
shift. No evidence for a T =
would be expected to 17e about 12 MeV above the ground
state of 4H. In comparison, the ground state of lq’Li is

populated much more weakly in the analeg 7Li (3He;t,t)4Li

§ =8+, PE is the Breit-Wigner
), and ¥ the hard sphere phase

? state is seen here which

reaction.

In the reaction 7Li(3He;d,3He)5He the well established
narrow state at 16.8 MeV as well as 2 broader one at
20 MeV (fig. 3} are strongly excited in 5He while tne
same states are not seen in the ana?og 7L1( He;d, t)

reactions, This can be understood i 3He is viewed as

200 L
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o ] _
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Figure 2: Missing mass spectrum of the 7Li(3He;3He,3He}"H
reaction, The fit is expiained in the fext., P.S. is the
contribution from simultaneous four-body break-up.
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Figure 3: Missing mass spectrum for °He, The curve is a
sum of the phase space distributions for simultaneous
break-up into n + d + e + *He and d + d + t + 3He;
break-up into more than four part1c1es has not been taken
into account.

{d+p), with the proton ﬁicking up two nucieons from the

4P3/2 target; tge 2 ~neutron transfer leading to the
3/2 state in “Li (16 7 MeV) would then be S-forbidden

The same.is true for the D-wave interaction around 20 MeV

4}_

excitation energy. In both reactions, there is evidence
for a peak (width approximately 4 MeV) at 36 MeV and
34.5 MeV, respectively.

n 6He, investigated fhruugh the reaction 7L1(3He;p,3He)6He,

a broad peak was obgerved at 1o MeV excitation energy
which might tonsists of two or three narrower states

(fig. 4}. It is explained as being due to the knock-out

of a'ls proton from 7L1 Corresponding structure was found

& 7

in tne.?L1( n.d) He and

L1(p,2p)6ne reactions {ref. 5 and
refs. ‘therain). h R

PP
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Figure 4: Same as fig. 3 but for the residual nucleus ®He.

he phase space distribution is for p + t + t + *He only.
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1.19. Light Particle Correlations
q, Machner

To study the nuclear continuum up £i11 new mainly excita-
tion functions of spallation products and inclusive ener-
gy spectra of secondaries have been measured. It is only
recently that more exclusive data have been producedl).
To explain these data the generalized exciion model has
been extendedz). During the equilibration cascade more
than one fast particle may be emitted. The dynamics of
the process is governad a set of master equations for the
occupation probabilities Pin,n,t) and Q{m,a,t) of the
composite system and the residual system after one par-
ticle emission, respectively. The starting condition is

P{n,n,t) = é(n,no)A(no,Q)co (13
for the primary process with n, being the number of ini-
tially excited excitens, Alng.8) the direction of the

scattered fast nucleon and o, the absorption cross sec-

o]
tion. The transition rates between excifon states are
those of ref. 4. Then the cross section for a particle

consisting of n, excitons is

N SN - t,
do(v;) i eq
- = I FnDH (neE) [ Pina Lt
dedn n=n0 o !
hn=2
n
= 1 Bi(neE V) (2)
n=n
0
Ap=2

with n the exciton number characterizing statistical equi-
1ibrium. N1 is the emission rate and f(n,1) an iscspin
mixing factor.

Because in the generalized exciton model there is no way
to distinct between the strack and the scattered nucleon

in a residual interaction, one has after one collision

tvio "fast" particles. We therefore assume that hadron num-
ber conservation is sufficient3) to give the initial condi-

tion for the secondary process:

Q{m,éﬁ,t=G)=6(m,mO=n—n1)Bi(n,si,E,;%) . (3}

1

The cross section is thus independent from the linear mo-
mentum already carried away by the first particle . The
second chance cross section inte the direction Q. s then

? - - t
Colod)  m T BB o
=} ! Jauf Q{m,e,t)dt
de df n=n_ m=m_(n) o g
An=2  pm=2
X f(m,;)wj(m,aj,U)A(m+n1,Qj) . {4}

We can then calculate the coincident cross section accor-
ding to

4
d“o (. ) SHOUANEION S

dsidﬂ,dsjdﬂj t:i;:,}.dn,i Uodajdﬂj

2 2
AN EIC A S

dejdﬂj Uodeidﬂi
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Figure l: Coincident proton cross sections from the in-
dicated reaction are compared with model predictions for
€0 7 103 + 9.5 MeV,

In the figure datal) are compared with calcuiations. The
free model parameter for compiex particle emission - the
coalescence radius PO (ref. 5) - has been adjusted to the
inclusive data. There is no further adjusiment,

The calcutations presented in this contribution predict
coincident cross sections peaked in beam direction. This
is in_tontradiction to two body kinematics. However, the
data suppori this prediction.
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1.20. Search for nuclear structure effects in continuous

spectra
G. Seniwongee, E. Machner, P. Jokn, M. Holtz,
¥, Roggz and F. Turek

Although the models for pre-squilibrium decayl) are mors
or less phase space models they reproduce a wealth of
data extremely we?]z). However, it is of great interest
to now at what extend nuclear structure contributes Lo

pre-egquiltibrium decay.

To study this guestion we have started a series of experi-
ments in which angle dependent energy spectra of fast
charged particles from nuclear reactions with target
nuclei and 100 MeV a-particles will be measured. The
2625, 2600 2701 and 2859 ye

can therefore study the effects of changing neutron num-

target nuclei chosen are

ber and proton number as well.

0e Ala,pl X
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=
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=
g
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[=]
©
10F \\\
4] . 1 | 1 1 L I ! !
10 20 30 40 50 60 &piMev]

Figure 1: Angle integrated cross sections for the
TH 75 T50g{a,p)X reactions at B, = 100 MeV,

In the figure preliminary data of angle integrated cross

24’25’26Mg(a,p)X reactions are shown. A

sections for the
dominant odd-even effect shows up which is aiso to be
seen in the other particle channels. The investigation

will be continued.
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1.21.  Stydy of the fragment-mass-distribution of “He-

induced fission
e L E 7 s T a2 7
A. Buttkewits , H.E. Duhm , K. Machner and

. *
¥. Straul

In continuaiion of a study of 3He—induced fission on
Iﬁng (EgFe = 47 MeV) we measured o-induced fission at

Ea = 140 ﬁev on Gold, Holmium and Silver. Two silicon
detectors of 30 mm diameter were used to determine the
fragment energies. Figure 1 shows the two-dimensional
energy spectra of fission products from Au, Ho in &
symmetric lefi-right counter position reltative to the
incident beam and two spectra of Silver in a symmetric
(75.50/75.50) and an asymmetric position (620/900}. Un-
fortunatley the Silver spacira show considerable back-
ground from pile up. Preliminary mass spectra are shown
in fig. 2. The mass spectrum of Silver is of particular
interest since the fissility parameter x::Zz/(50.13-A) is
rather close to the critical Businare Gallone pointl’z}
x = 0.4, where asymmetric mass fragmentation may occur.
The obtained mass spectrum for the Silver target shows
only symmetric fragmentation. It should be considered,
however, as a very preliminary result because of back-
ground problems already mentioned and energy and angle
cutoffs. We intend to continue the experiment using a
position sensitive ionization chamber. Figure 3 shows the
measured cross-sections together with a data compilation

given by Moretto3).
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Figure 2: Mass spectra of the fission products.

Figure 1:

wo-dimensional energy spec-
tra of fission products from
the target nuclei studied. The
detection angleshas been
symmetric to the beam axis.
One asymmetric case for silver
is alsoc shown (down right).
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1.22. Fast Nucleon Emission from Heavy Ion Induced

Reactions

H., Machner

It has become very popular to parameirize spectra of

fast light isotopes emerging from heavy icn hombardement
of nuclel in terms of moving equilibrated sources. How-
gver, it is hard to believe that projectile energies of

a few tens of MeV/nucleon can lead to a clear cut fire-
ball geometry. Another possibility is to invoke models

i

i
1gnYT

which have been extremely successful in reproducing 1
ion induced reactions like th

After a first target-projectile interaction the system
equilibrates via nucleon-nucieon collisions. This pro-

cess is described by a system of master equationsz):
dp ) :
P -5, (n-2,0 E)P(n-2,0" 1)

+ o (ne2,0'  E)P(n+2,0' ,E)

two nuclei have. From such a picture iwo conjectures

emerge:

- x will be an increasing number with increasing bombarding erergy,

- x will not be a function of the target mass as long as

Ap<<AT.
To test these conjectures we have analyzed dat35’6) wWith
ng = Ap + 2% . (3)

By varying x it turss cut that x is a well defined quan-
tity because spectral shape as well as absclute height
are strongly depending on x.

The data analysis is in agreement with the conjectures
stated above. As an exampie for the quality of agreement
hetween model calculations and data we compare both in
figure 1. In addition to the high energy part an evapora-
tion calculation using the code JULIAN is also shown.
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sion into the continuum A, are those from refs, 2 and 4.

Since heavy ijons are large objects compared to Tight tons
some modifications in the model are expected to occur. in
1ight ion induced reactions data analysis suggests an
initial Ip + 1lh excitation in the target nucleus leading
to
Ny ™ Ap + 2. (2)
Here, in a first phase nucleus-nucleus interaction may
Jead to a xp+xh excitation depending on the overlap the
— -4 0
185Ho + 2Ne ——-> ER + n £, =402MeV Q=10

¥ T T

T T T T T

0, =30°

Y

T ¥ T T T

6 =60°

£ _-5 i . s I
10 40 80

Figure 1:

E:akzb

Ivevl

Neutron multiplicities measured at the indicated angle in coincidence with evaporation residues {ER) are com-

pared with compound nucleus {low energy part} and exciton model-calculations (high energy part}.
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1.23. How does the optical potential depend on nuclear

excitations ?

H. Mochner

With the appearance of medium energy heavy ion reactions
the question how nuclear properties depend upon tempera-
ture has been becoming an important one. In this contri-
bution only the temperatyre dependence of cptical mode?
parameters and the corresponding abscrption cross sec-
tions will be discussed,

The mean free path & of a nucleon in nuclear matter is

(1)

-
4= 7y

with v being the asymptotic nucleon velocity and W » O
the imaginary part of the opticail potential. The classi-
cal relation is

—-1 ,

(pa) {2)

L=

with o the medium density and o the cross section. For
infinite nuclear matter o should be replaced by <o> ,

the cross section including effects of the Pauli-prin-
ciple. To derive at such a quantity we make the ansatz

{3}

The function f(p) is the Pauli blocking function which

b

wr =T T8y M .
can be derived under the assumptionz’s) that in momentum
space only states with momenta k]c jarger than the Fermi
momentum kF are allowed as Tinal states. The exponentiail
weakens the influence of the Pauli-blocking at high tem-
peratures T, because in a highly excited nucleus a large
fraction of states below kF are not occupied. The results
of Coliins and Griffin4} are reproduced for a value

x = 0.02.

For a real potential depth V = 50 MeY and assuming an

effective mass n* % 0.5 m the imaginary part of the opti-
cal potential derived by Bohr and Motte?son5 for only

volume absorption is approximately reproducedl) In fig. 1
_E TMeV}
= 0
10+
Si-

1 1

i 1
50 100 150 200 .E{Mev]

Figure 1: Imaginary parts of the optical petential as
function -of the incident neutron energy and for.different
nuciear temperatures T.

- the temperature dependence of W 1s shown. Gbvicusiy, only
for small energies there is a strong temperature depen-
dence. From these imaginary potentials together with real
parts and geometry from ref. 5 we can calcuiate absorp-
tion cross sectins. While at zerc temperature there is a
substantial interference between the incident and trans-
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mitted waves (nuciear Ramsauer effect) these correspon-
ding fluctuations the c¢ross sections are washed out at
high temperatures. This is shown in figure 2. It 1s ab-

a
E
5 e
L
2500+
e
e®@
g T=10MaV
&
&
G@
2000 SCPL LA
@
®e
o0 ggasé
]
o ooco ®
o o a
1500 @ o ®csoo000
o OOc)o
T=0MeV
[+]
o ¢}
o© 1 i |
10 20 E [MeV)

Figure 2: Absorption cross sections for iow energy neu-
trons and an A = 100 nucleus are shown for the indicated

temperatures.

vious from this Tigure that for high temperatures the
common practice to approximate the cross section for
time reversed reactions by ground state absorption cross
sections to calculate the compound nucleus decay is not

Justified.
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Mean angular momenta invoived in the preequili-
brium charged particle emission

1.24,

Iieder, J.-F. DHde—

fi

ja¢]

. Bochsu, T. Kubtsarova, R

lez and 7. Morek

The central coilision models such as promptly emitted par-

tic]esl), EXC‘EtOﬂz) and coa?escence3) models were used to

4,5)

3

interprete the emission of protons deuterons and

tritansG) in alpha induced reactions at Ea = 45, 75 and
116 MeV studied in this jaboratory. Furthermore it has
collisions, e.g. break-up

been shown7 that peripheral

fusion may contribute to the cross sections at least for
deuteron and triton veaction channels. An important in-
formation about the reaction mechanism and hence about
the applicability of a given model can be obtained from
the angular momentum balance. In the following we shall
present some estimation of the angular momenta involved
in the reactions 159Tb(a,charged particle xnv) at

Ea = 45, 75 and 110 MeV,

The input angular momentum is defined as

A
- _b e CM
Ly 5 /2 pw{E~-B)
where 3 %s the reduced mass, ECM the beam energy in the
CM system, B the Coulomb barrier between the target and

1

(1)

ES

the projectile nuclei and b the impact parameter. The
input angular momentum is shared between the angular mo-
menta taken away by the ejectile Ie’ the emitted neu-
trons Ixn’ and the gamma ray cascade IY. It 1is knowns),
that the emission of a fast {preeguilibrium} particie
takes a time which is shorter than 10 fm/c, while the ro-
tational time is longer than 100 fm/c. One can expect,
therefore, that the preequilibrium charged particle is
emitted from the same impact parameter b. Therefore, we
can express [, in a form independent of Ie as

I, +1
I, = ¥ (2)
in
' [
. elE B,)
YA
with EEM heing the ejectile energy in the CM system. The

quantities yu, and B, are the reduced mass and Coulomb
barrier for the system ejectile-residual nucleus, respec-
tively.

e
ne

—
3

na for

ng for £

channe

Consideri peak regioc
the chalfged particle take away so
that the subsequent neutrons are
neutrons have very small kinetic

energies of 0.5-2.5 MeV {ref.4)

much excitation energy
evaporated, Hence, the

Channel | (a,py} @ (o,pny) | (a.p2ny} | (o.dy) | {e.dny} § {osty} | (e.thy) and carry away an angular mo-
M 8:1 9:1 1041 g+l 1042 6x1 9+l mentum of the order of L =»§"h
I 1052 | 1222 lasz | 1022 14+2 61 | 10:1 (ref. 9). To deduce L, the
\;f 7 _ v-ray muitipiicity MY has been
I 7.5:2.5 - 8.0:0.5 - 7.2:0.61 5.7:0.5 - measured at £ = 45 Mel, where
: ¥.r® |12.Gi2.? - 12.5:1.G - 11.7:1.0 110.2:1.0 - the different reaction channels
f
are well separatedm). The
Table 1: Comparisicon of the angular momenta released by the whole gamma ray

cascade Iy

detection angle of 459 with 1Y 5 15, The yrast spins

for the 15%Tb{a,ch,part.xny) reaction at E

I

= 45 MeY and particle
are.deduced from the

values of MY together with the
associated angular momentum

particle-gamma coincidence data and the side feeding spin I7 = 4.5 = 0.9 is I =2 (M -3 £o11
taken Trom an experiment using the '°UGd(a,dnv) reaction at L, = 45 MeV v ( v ) {ref. 11} are
{ref. 1Z}. M, 7s the measured multiplicity. Tisted in table 1. The angular
momentum released by the whole
y-ray cascade I can be ex-
E_{Me¥) 45 75 110 r d +h Y
: |
et e G/ Tar Ea darda i e e, Gordn ¥ T, pressed as the sum of the meae
annel fMev) [ (sisr) | (%] (ev) | (sb/sryl (h) o (MEv) : ubrsry | (h) () observed yrast cascade spin I'
{2,bv) 30.4+0.5 | 200:20 |18.1:3.6 | 59.2:0.5 | 17.1:3.0) 5.5:2.0 | 23.3+4.0] 92.2:1.0] 2.5:1.1] 6 ~30 o K _
(a.pnv) 21.620.5 |2040:87 | 18.8:3.0 agd the y-ray side feeding spin
{a,p2ny) 14.4:0.5 |8250:80 |16.3:2.5141.6%0.5 | 1930:73| 7.7:1.3 | 23.322.8| 73.0=1,0; 218:15 | 6.7:3.0 | 28.525.7 [, The yrast spin I for the
{0, pény) 26.5¢0.5 | 7282:67 | 8.440.6 | £0.5¢1.7 | 51.5:1,0! &264283 [10,5:1.1 | 27,9:2.6 59y, h s
(a.06m7) 27.5+1.0] €737:73 | 9.2:0.7 | 23.1¢2.0 (ach.p.xny) reacuo$ at
{a.pB0y) ~30.5 | 1983:100] 8.8:1.4 [ ~18 F, = 45 MeV and the sum I +1°
{2.d7) 28.0:1.0 | 275243 ) 23.3¢4.3 are shown in table 1, where the
{a,env} 18.551.0 {2320£30 [17.9:3.4 |45.6:1.0 | 433:32 32,245,271 77 22 | 275:25 | 8.5:3.0 | 38.5:8.5 i . 3
{avd3ny} 26.3:1,0 | 2020:%5 25.4:2.2 56 2.5} 1613:60 110.1:2.0 | 35,725 side feeding spin I” has been
{@ad5ny) 13.6:18 1 +85 18.9:2.71 35 3254270 | 8.5:0.9 | 27.5:2.8 taken from ref. 17 for the reac-
{aad70y) . 15 x2.5| 1121445 £1.7 | 20.712.7 . 160 150
(62t 28.6:1.0 | 930:22 |26.1:a.1 157.0:10 | 162230} 5.6:1.7 | =30 |84 & 220430 | 6.3£1.5 | »81 tion Gd{c.4n) "Dy at
(@, tay} 16.8+1.0 | 550550 |19.5:£3.7 Eu = 45 MeV. One can see an
. 5,621, + 510, axe,0| 67,8:2,0] 107050 | 8.5:1.3 51 6 -
{a,t2ny} 35.621,0 | 866272 7.5:0.9 | 35,4x4,0 : 6 agreement of 1 and IY+IS for
(a2 tény) 16.0£1,0 | 518230 | 7.5:¢1.2§ 21.622.4| 45 2.5 | 1580:50 | 7.9+0.9 | 35.2:3.4
(a:tBrv) 21 ':2.5| '980s30.] 7.9:1.0 24.2:2.4 the channels {«,p2ny) and {a,dy).
<I{e,pxnmy)> 16.8 2.l R This comparison shows that °
| <i{n.dxny)> 7.4 2.3 28.9 )
et 235 2.2 a7 in the channels (a,pxny) is
bty 20.5 26.2 31.6 close to that of the {o,xny)
R, 0.82 0.81 ©0.76 reaction i Cih
& 104 160 o.92 tron 10 agreement with the
R, .13 1,15 1.17 conclusion of ref, 13. A good

Teble 2: Imput angular moments Ii, 2s catculated from eg. {2) for the 15%Tb{a,ch.part.xny) reaction channels at £, = 45,

175 and 110 MeV, mean anguiar momenta <[> znd the raties R.

©a) Iy .is teken from table I3 b) I, is calculated as Y415 with I® = 5,7 2 1.1 % (ref. 12), sxcept for the {a,ty} channel,
where 15 = 03 ¢) L s calewlated as 1T o 13 wien 15 = 5.8 2 1.3 (ref. 12}, sxcept for the (o,ty) chamnel, where ¥ -0, {a,dny). For the f,ty)

agreement can be also seen for
the major deuteron channel
channal IY
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is lower than for all other channels and it is close to IY
suggesting a smaller value of the side feeding spin IS
than anticipated. Because of the lack of better data we
deduced for the re-
Dy 12} to estimate the angutar mo-

shall use the side feeding spin IS
ISOGd(H 6n )158

removad by the v-ray cascade for all reaction

action
menta IY
channels at E = 75 and 110 MeV except for the {a,ty)

& 1Y /
channels. The calculated input angular momenta Iin are
shown in table 2. The mean angular momenta <I» weighted
by the cross sections do/dn have been calculated and com-
pared with the Timiting angutar momentum iy Tor complete

fusion® 12 at a given beam energy. The ratios

= féiﬁzﬁiljljﬁli__ are included in tabie 2. Several
in

interesting features can be observed:

is a decreasing func-
This is due to

1) The input angular momentum Iin
tion of the number of emitted neutrons.
the increasing ejectile energy which overbaiances the
effect of angular momentum release by the neutrons.

2} The ratios R for a given gjectiie are independent on
the beam energy. From the value of Rp ~ 0.8 it seems
that the proton emission occurs predominantly at me-
dium impact parameters. Such a resuilt supports the

applicability of the central collision models for the

description of nonequilibrium protons. On the other

hand the angular momentum ratiocs Rd ~ 1 and Rt ~ 1,15

indicate more peripheral character of the interactions

followad by emission of deuterons and tritons.
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“yields for ithe capture of thermal neutrons.

1,25, Simulation Experiments for Planetary Spectros-

copy: Neutron~Induced Gamma-Rays from Thin Targets

.. oo . L E
E. Fngler J. Brdicknar | H. Hanke oand R.C.

1y
ﬂeeau

One of the important goals in planetolegy is the determi-
nation of the chemicai composition of planetary surfaces,
which can provide important clues on
evolution. Such information can be obtaired from gamma-

rays emitted from the extraterrestrial bodies by means of

their origin and

.. . 1
orbital remote sensing gamma-ray Spectroscopy

Cascade particles produced by the interaction of the ga-
lactic cosmic radiation with extraterrestrial matter, and
here especially neutrons, are important for the produc-
tion_of gamma-rays. Nonelastic scattering and neutron
capture reactions produce many characteristic gamma-ray
Tines of discrete energy, which can be used to determine
the abundances of the elements from which they are emit-
ted. Proposed missions to Mars, Moon, comets and aster-
oids suggest simulation experiments which should lead to
a better understanding of the production of gamma-rays by
energetic neutrons, both in the planetary object observed
itself and in the observing spacecraft. This will be use-
ful for pianning as well as for interpreting specira ob-

tained from such missions.

To investigate the gamma-rays induced by neutrons, experi-
ments were carried out with 14 MeV neutrons. A character-
istic spectrum of these irradiations is presented in fig-

ure 1, which shows 0.1-4.1 MeV gamma-rays from an Al-tar-

I
[ e 051 | IN-BEAM GAMMA-RAY SPECTRUM t
w ~ H
= Al s surropnding material
p=1
a &
e H
0.t HeV /( AP
) 'L |1w 11 MeV

~
i1 MeV LMWUMWLL“’A—N{

mvaNw 11 el
HL‘%_J*JHW] a1
. 3iMev

ENERGY [Me¥y}] -—%

get irradiated with generator-produced neutronsz). Neu-
tron energy spectra and neutron fluxes at the target lo-

" cation were voughly calculated from threshold monitor re-

rable flux of neutrons between & and

14 MeV was found, however, the majority had thermal and

epithermal energies. From the Tinear generator-target-de-
the closeness of concrete walls and
éhielding with paraffin, an extreme degree of thermali-
zation was expected at the target location. Therefore it
is not surprising that neutron capture reactions produced

most of the gamma-ray Iinesz). The ratios of the fluxes

_of the strongest neutron capture lines from Fe, Al, ig

and Si-targets agreed well with the ratios of measured
Background

:torrections were made-for all lines and the flux of each

- line from a target was corrected for absorption in the de-
“tector shielding.




As expected, a broad 4.439 MeV gamma-ray peak made by in-
elastic scattering reactions with 12C and a flat-topped
peak at 0.478 MeV caused by the 108e(n,uy)7Li reactions

in shielding components were cbserved in 2ll spectra. How-
ever, 5 wide asymmetric peaks between 0.5 and 1.1 MeV were
unexpected, These peaks were generated in the detector

but a very

d have 2 rapid drop at the lower energy side,

an
slow drop at the higher energy side. The energies at the
lower edges correspond to various Ge-isotopes: 563 keV in
7660, 596 keV in /“Ge, 691 and 834 keV in 'ZGe, and 1040
keV in ?089. These broad peaks were made by prompt
processas, which occur when an energetic neutron excites
& Ge nucleus in the detector te a level that rapidly de-
excites. The energy from this deexcitation is often in-
creased in the detector by the additicn of energy from
the recoil of the excited nuc?eus4). Fortunately, these
background peaks occur in energy regicns where there are
not expacted to be many gamma-ray lines of interest from
a planetary sturface. The 844 and 874 keV inelastic scat-
tering gamma-rays from Al and Fe could be affected by
serious interference with the tail of the relatively weak
Ge-peak at 834 keV.

A more realistic simulation of the conditions in plane-
tary surfaces was expected from irradiations with neutrons
of nigher energy produced via the Be(d,n)-reaction, a
hetter neutron source-target-detector arrangement and less
detector shielding. By positioning the targets and the
detector closer and at angles of 45° and 90° with respect
to the neutron source the necessary paraffin shielding
couid be reduced considerably. This led to a reduction of
the neutron captuve background, but did net affect the
cccurrence of C, Pb and Ge inelastic scattering gamma-ray
1ines. Another advantage is that the total neutron flux
can be estimated from Faraday cup measurements. Prelimi-
nary results from a developmental run with a current of
0.5 nA of 78 MeV deuterons on Be for a Fe-target are pre-
sented in table 1 and compared with the 14 MeV resu]tsz).

normalized peak areas
Energy Reaction at max. neutron energy
keV 39 MV (6) | 14 ¥eV (2)
845.7 e rnny) 119 8.1
931.2 50Fein, 2ny) 126 0.31
17383 e inny) 225 2.3
1316.4 zarn, 2ny) 85 0.22
1407.7 %earn,ny) 106 0.32
1810, 9 e n,nv) &1 5.04
2112.5 %ain,ny) 27 8.11
5609.1 re(n,y) d 1.2 1.4
7120.1 Brarn,y) s 2.3 1.7
7631.1 e(n,y) 1.5 1.1
£623.5 50ce(n,y) d 1.7 1.8
7134.5 ce(n,y) s 1.4 1.4
7645.5 | “Ofe(n,y) 1.0 1.0
s - single escape peak
d - double escape peak !

Table 1: Comparison of in-beam gamma ray-spectra from
iron target.
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Background, absorption and neutron flux corrections were
applied. The peak areas for the inelastic scattering,
(n,2n) and neutron capture gamma-ray lines are normalized
to the 7645.5 MeV 56Fe(n,y) Tine. As expected, scattering
and {n,2n} gamma-rays dominate the spectra taken during
the 39 MeV maximum n-energy irradiation of Fe. The mea-
sured fluxes exceed those of the neutron capture gamma-
rays by 2 to 3 orders of magnitude. A direct comparisen
with results from the 14 MeV maximum n-energy irradia-
tionz) makes the effect of the higher energy neutrons ap-

parent.

As medium and high energy-neutrons contribute considera-
bly to the secondary particle fluxes in the moderator-
free planetary surfaces down to 180 g/cmz 5), the experi-
ments with neutrons between 22.5 and 45 MeV maximum ener-
gy will improve knowledge of gamma-ray production in pian-
etary surfaces and so help to develop tools for the in-
terpretation of gamma-ray specira obtainea from such
bodies.
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._Measurement and Hybrid Model Analysis of Integral
Excitation Functions for Light Particle Induced

1.26.

Reactions

: NP L+
A. Michel+, M. Galast F. Peiffer , R. Stiick

In order to extend our earlier studies of p- and a-in-
duced reactions on medium weight elements (e.g. 1-3} to
other projectiles we measured integral excitation func-
tions for the production of radicnuclides (44 £ A £6l1)
b 3He- and Z4_induced reactions on cobalt for energies

“Up te 45 MeV per nucleon. The experimental data were com-

pared with calculations using the computer code "QVERLAID
ALICE*Y) combining the statistical theory of kieisskopf and
Ewing with {he nybrid model of preequilibrium reactions.
For 3He—induced reactions an nnambigueus cheice of the
initial exciton configuration was possible using the reac-
tion 2%co(CHe,mPlou (¥ig. 1). While an initial exciton
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Figure 1: Experimental cross sections and theoretical
redictions of the excitation function for the reaction

29Co{ 3He,n)®Cu.

configuration of n, = 4(1,3,0) exclusively described the

experimental data for this reaction, for other reactions

partially extreme discrepancies between theory and experi-

ment were observed. Exempiarily this is shown in Tig. 2
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Figure 2: Experimental cross sections and theoretical pre-
dictions for the reaction 23Co(3He,3p)5%Fe.

for the reaction 5960(3He,3p)59Fe. For energies above 40
MeV the calculations underestimate the experimental data
up to a factor of b. For nearly all reactions of the type
{(3He,xpyn), x = 1,2} the experimental cross sections are
considerabiy higher than the thegretical omes in their
nigh energy parts by up tc one order of magnitude. For the
expianation of the observed discrepancies break-up of the

incoming 3He—partic}e as well as doubte siripping may be
assumed. Moreover, contributions of preequilibrium a-~emis-
sion were to be seen giving rise to discrepancies between
theory and experiment in the low energy part of the exci-
tation functions. All the resu]tss} indicate that the ini-
tial states of 3He—induced reactions are more complicated
than assumed by the present forms of preequilibrium theo-
ries, as it was also stated earlier for o-induced reac-

t10n52’3).

+In contrast, the theoretical predictions of integral exci-
2H—induced reactions on coba]to)

~tation functions for were
in much better. agreement with our new experimental data
3 4He—induced reactionsz’3’5)

59Co(d,pEn)

He--and . An example

58m+gCO

-than: for
is’'given in fig.:3-for the reaction
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In general, the {{d,xpyn) x = 0-7, y = 0-B}-reactions are
well described by the calculations and the agreement bet-
ween theory and experiment is s}Ti1ar1y good as observed
reaction types, e.g. (EH,p) and {
direct reactions, resulting in discrepancies between theo-

. Only very particular
2

for p-induced reactions eariier

H,2p) are affected by

ry and experiment.

Furthermore, we started to measure integral excitation
functions for the production of radicnuclides from lute-
tium by p-induced reactions between 15 and 45 MeV. Lu is
of particular interest, since it is supposed to be useful
as a flux moritor in medium energy experiments for the
evaiuation of primary and secondary nucleon fluxes. Up to
now, integral excitation functions for {{p,pxn]. x=1-4}
and {{p,xn), x = 1, 3-5} were mearsured. Also these ex-
perimental cross sections were compared with calculated
ones based, however, on the new version of the computer
code for the hybrid model “ALICE LIVERMGRE 82"7/. The
particular advantage of this new cede is the inclusion of
multinle presguilibrium emission and the use of experi-
mental mass data, in spite of those from mass formulas
over wide mass ranges. Although these investigations are
not yet finished, & preliminary data analysis showed that
for Lu the theoretical cross sections are not as good as

1}. In most cases, the predicted

for the light elements
values were too small by a factor of 2. A detailed analy-
sis of the experimental data will be necessary, however,

before final conclusions can be drawn.
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z. NUCLEAR SPECTROSCOPY

Study of e by Neutron Capture and SU{3) - SU(5)
Transition in Quadrupoie-Phonon Representation

2.1.

. +
Y. Tokunoga, H. Seyfarth, O.W,B. Sehuls, S. Brant,
_ + o o +4
v. Pgar , D. Vretenar , H.G. Birner

Tt ST I
H. Foust , (k. Hofmeyr , K. Schreckenboch = and

frf

R.4. Meyer

The - and e spectra following thermal neutron capture
in 74Se were studied with curved-crystal, B, and pair
spectrometers. Precise energies have been obtained for
the transitions and levels at low energiesl’z). Two
primary £2 transitions were found. The neutron separation

energy for 75Se was determined as 8027.6 keV. Precise v
energies following the electron capture decay of 7°Se

were also measured, resulfing in precise level energies
. 75
in " 7As,

7559 has been

The calculation of the energy levels in

and 27 theoretical states have been tentatively assigned
to the experimental levels. The spectrum of the core nuc-
leus 7%5a has been calculated in the SU{6) quadrupole
phonon model (TQM). The structure of theoretical states,
the relation to SU(3) and SU{5) limits and potential
anergy surface are discusseds). Also, an overview is pre-
santed to theoretical explanations of the I=], j-1, 1-2
anomaltous triplet emphasizing the rule with shell-model

ciassification corrected for quadrupolie phonons,

The level scheme of 75Se and the information on the ob-
served states ang their mode of decay derived directily
from the obtained (n,y)}-data have been given in a contri-
bution in the last Annual Reportq). In the present contri-
bution the emphasis will be on the theoretical calculation

and the comparison with the observed level energies.

Theoretically the ievels in 75Se are described by coupling
a quasi-neutren to the anharmonic quadrupole vibrational
core 745e, which is calculated in the truncated guadru-
5’6). The TQM Hamiitonian

N A P
N+ n, 100700, (NN (-1 | 12

pole phonon model

HTQM = hl + H.C.}

i ~ ~
+hy ((67°), (- s ey 4

(pe"), (BB) 1
is diagona]ized3) in the basis |n v I), where n is the
number. of guadrupcle phonons. With N=8 the anharmonicity
parameters hl’ hz, h3, h4L have been obtained from a it
to the levels of '~ Se. These parameters can now be com-
pared with what is expected in the SU(5) 1imit (h1 shoutd
be large and hy = fig = 3) or in the SU(3) 1imit, wnere
four tinearly independent relations between the parameters
yield only two to be chosen as free parameters. It turns
out that the fittec_t:h1 is largeg) and h, and Ry are qgite
small, indicative of SU{b) character of MSe. On the

other hand, taking the fitted h3 and h4L as input values
for the SU{3} scheme, cne obtains a set of parameters
which agree in sign with those obtained in the fit. This

suggests a SU(3) - SU(5) transition,

++
G. Borvaau

>

The caiculation of the potential energy surface yields for
4
7'Se a prelate but not very pronounced minimum and y-soft-

ness,

The levels of 75Se are calculated in SU({6) particle-quadru-

pole phonon model PTQMs) with

Horqu = Mo + Hrg + Hpyrs
where the last term is the SU{6) particie-vibration
interactiong’G). Only the strength parameters FO, AO and
AO and the occupation pgobabi]ity vzﬁéjz were fitted to
the experimental levels ). The caiculated PTQM wave
functionsg) show complete breaking of the weak-coupiing
classification. The largest guasiparticle-phonon compo-
nent of 39/2§> is 0.641% 5, 465 9/2) which contains 4
phonons coupled to I=6. For the wave functions of the
Tow-lying states a systematic shift of the Targesi com-
ponents 1s seen towards the middle (n ~ #/2 = 4) of the
phonon space. This is characteristic of the SU(6)
quadrupcle phenon wave functions in the SU(3) 1im€t5).
However, the wave functions for 75Se exhibit pronounced
leading components which implies that the SU(5) character

is still present.
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assignments of the calculated Tevels are tentative.

* 'Prirodosluvno—matematick? fakultet, University of
Zagreb, Marulicey trg 18, Zagreb, Yugoslavia

++_1nst1tut-Laue»Langevin, F-38045 Grenoble, France

NUCOR, Private bag X286, Pretoria 0001, Republic of
- Soputh Africa
“H'permanent address: Nuclear Chemistry Division,
Lawrence Livermore Laboratory, Livermore, Ca. 94550,
USA

- 33 -




2.2. The 75Se(n,y)7659 Reaction and the Low-Lying

Level Structure of 768e

Y. Tokunoge, H. Seyfarth, 0.W.B, Schult, H.G.
. + 4 + . o+
Bérner , Ch, Hofmeyr , G. Barreau , R. Briseot ,
P - o gk
U, Heaup and Ch, Monkemeyer

76Se reaction was studied through consecu-

The 7%Se(n,v)
tive neutron capture with the use of pair and curved
crystal spectrbmetersl). The high-resolution data have
allowed construction of a very well established Jevel
scheme including many new levels above ~ 2.8 MeV excita-
tion energyz’s). The resultin

neutron binding energy

L= ¥}
11154.0 + 0.3 ke¥, is Tower than the value given in the
mass tab1e4). The 755e(n,y) cross section was determined
to be 330 + 100 b, The level scheme and branching ratios

were compared with results from IBM calculations.

These calculations were carried out both in IBM—15) and
in the framework of 1BM-2°
neutrons separately. In this model, which has some connec~

ISR
nayc

) which treats protons and

w ote tho hall sl Fdipd +a facn as ~laen
Lo Ihe Snei mogel LMiea 10 Keep a5 Cigse

3

y W
as possible to microscopic formulas for the parameters of
the hamiifonian which have been derived by Otsuka, Arima
and Iachel1o7} under the simplifying assmupticn of a de-
generate major shell. The calculations have been per-
formend systematically for 72—805e and 74_82Kr, trying
to give a description with few constants only. By using
the microscopic formulas only two parameters had to be
fitted to each nucieus, while three more parameters
could be determined without fitting. However, it turned
outs} that this program can be carried cut only if one
does not attempt to describe the OZ excitation in any of
these nuclei. Hence we -assumed that this state ig an
intruder. Of course, in this way we cannot prove that it
is not possible to reproduce these states in the IBM.
This is rather a consequence of the requirement that the
model parameters should vary smocthly and regulariy. Had
we used more free parameters in the calculations, we
could have cbtained agreement at least for the Tevel
energies. We have to show, therefore, that in this case
we gbtain poor wave functions for the excited ot states.
This has been done by means of an IBM-1 calculation with
all 6 parameters of the model hamiitonian varied freely.
If the mixing of the noncollective degrees of freedom of
the O; state with the coliective space is strong, IBEM-1
could even work better than IBM-Z. Both attempis rely on
rather crude assumptions, and it is not clear a priori
that any of the standard coliective models is suited for
the description of the selenium isotopes. The branching
ratios measured in the (n,y) experiments and B(EZ) values
and quadrupoie moments from other measurements served for

testing the modei wave functions.

Further details about the calculations are given else-
wherea). The models reproduce the level energies quite
wall (see Fig. 1). IBM-1, with more parameters fits
better only the 0" states. The other tevels agree better
with IBM-2, which fails to explain the ¢F Tevels. This
suggests that the siructure of the excited 0" states
contains a significant fraction of noncoliective degrees

of freedem. This is obvious aiso from the fact that the
models cannot explain satisfactorily the measured

branching ratiosa).

E [MeV]

S . Tgq i

|a

exp.  fh exp.  fh.
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2 | — 4
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T
Ic-
L

exp.  th. 1BM-2

Fig. 1: Comparison of the experimental level energies
with energies calculated in the framework of IBM-1 and
IBM-2.
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Low-1lying levels of 77Se studied through thermal
neutron capture and evidence for a new term in
the E2 operator of TOM{IBM)

2.3.

¥, Tokuwnaga, H. Seyfarth, R.A. Meyer , O,W.B.

o ++
Barreau , H.

. 4+ e
Schult, H.G. Birmer , G. Faust
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¥, Sehreckenbach , S. Brant , V. Paar
it . £
M. Vouk  and D. Vretenar

A high resolution study of the 76Se(n,y) reaction was
carried out with curved crystal spectrometers at the
ILL, Greneble, and with a pair spectrometer at Julich,
Also conversion elecirons were measured at the ILL
following stow-neutron capture, The resulting data1
yield very precise level energies and allow a detailed
study of the decay sahemez
were obtained for most of the levels,
modes could be clarified, The neufren
77Se was measured as 741B.85 keV. The calculation of

}. Spin and parity assignments
and their decay

separation energy

the energy levels im 77Se has been performed in the
SU(6) particle-vibration model (PTQM}, by using “Se as

a Si(5) vibrational core and the same particle-vibration
75

interaction strengths as in the PTHM calculation for "TSe,

In this frame there is evidence for a an = 2 term in the
£2 operator. This term has not been included so far in

TQM and IBM calculiations.

A short report on the experimental results has been
3); also the obtained level scheme has
In the present repori the

given elsewhere
been presented in this report.
emphasis is on the comparison of the exper1menta1 data
with the PTQMY). The TQM calculation of the
was performed in the SU{5} timit. In the PTQM caicuia-
tion for 7759 we have used BCS quasiparticle energies
and occupation probabilities obtained by solving the

Se core

BCS gap equations, These values were assumed to be the
same as in the previous calcutation for 75Se. Alsoc the
same particle-vibration strengths have been taken as for
TBser . = 0.1 MV, T, = 0.4 MY, & = 24.35 FeV and

%= - J7/2. In this way no parameters were fitted, the
only differance being in the cores,

SU(s) and “¥se being between SU(3) and SU(5).

763e being close to

Thus the pheonon distributiens in the wave functions of

the 5/2;, 7/2; and 9/2; states of 77Se are rather
narrowS but more spread out in the non-SU{5) nucleus
75

Se.

Wave functions with a narrow phonon distribution pose an
intriquing problem in describing transitions,
the singularly large components in the initial and final
states differ by two phonons, there emerges the possibi-
1ity to have ccherent and sizeable contributions to the
matrix elements of an = 2 operators; and these have not

been included so far in IBM-IBFM and TQM-PTQM calcula-

Namely, if

tions.
The E2 cperator of PTQM reads

PTQM _\SP TOM
M, _(52) M (E2) + M(ER).

- 35—

P(EE) is the standard single-particle (quasi-

Here, Mi
(52) is the gquadrupole

particle} E2 operator and ﬂ
phonon E2 operator of TQM:

MIQM(EZ) = e, [boAR + ARE + 107

with convenienbiy defined effective charge e, =

3 VIB

2 " Ber )%

However, using RPA for quadrupole phonons of TQM and

including diagrams up to the second order there arises
. . 3!

the following corrected form of EZ2 operator™’:

METQM(EZ}

(52) EQM,An=2

(E2).

Here, MTQM( £2) is the standard E2 operator of TOM and

the add1t1ona1 term of an = Z type reads

Eu/(w-&)(w-ﬁ-1) +

TQM,an=2, ! +
ni W22 ) = et [0707)

Z{N=N) (H=N-1) (QB)EUJ.

In the microscopic derivation the new, an = 2 term
arises in the same diagrammatic order as the standard

=0 term’i(b+g}2u, giving a hint that this additional
term has to Be included in the E2 operator of TQM/IBM.
In this light, it will be interesting to reinvestigate
the calculations for E2 properties in IBM and TOM per-
formed so far,

The new term gives sizeable contributions to the E2
transitions with large an = 2 overlaps between the wave
xunctions of the initial and final state,
the 5[2 »—9/21 E2 transition in our PTQM calculaticn
for 773@, the &n = 2 contribution amounts to more than
99 4 of the overlap between the wave functions of 5/2{
and 9/2 states Therefore, B{E2, 5/21 - 9/2 ) is very
small (10 ) if one employs the standard E2 operator of
PTOM, which is contrary to experiment (0.0%). On the
other hand, inciuding new an = 2 term in the E2 operator
we get sizeable coherent contributions (0.11).

Such a case is
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2.4.  Rotation-Like 5/2° Bands in Odd-Mass A ~ 100
Nuclei as Coherent-State Structures of Quadru-
pale Phonons in PTOM

+H

. + t+
R.A, Meyer , V. Paar , S. Bramt

Recent investigations of nuclei far from stability have
gointed to the possibility of odd-mass symmetric-rota-
tional nuclei in the medium mass region of the nuclear
chart {70 5 A = 120). Among the odd-proton nuclei, a
52" ground state (g.s.) band with members to 19/2% has
been Toundl) for gZYGO and simiiar bands (with a smaller
number of identified members) have been observed‘_ 4) in
101Y, 101 Nb and 103Nb. These bands have been discussed
within the context of & [422 5/2| Nilsson bandl’z'S).
Here we investigate them within the PTQM6).

This guadrupole phonon model employes a spherical repre-
sentation {particle-phonon coupiing). The PTQM Hamiltonian
which is a particular (SU(6)}-type) anharmonic guadrupole
phonon model and particle-vibration interaction is dia-
gonalized in a standard particle-vibration basis. The
calculations have been performed for 99Y which is taken

as typical for this region. The TQM vibrational core has
been determined in order to reproduce the Tow lying levels
n 985r. The maximum number of quadrupole phonons is N=7,
the particle-vibration interaction strengths were fitted

to 2% and are with Ay =0, 1, = 0,477 and 1 = 4.77

73 101
sed for 42Mo59

The Tow lying spectrum is presented in fig., 1 together
with part.of the experimental level schemel’8) of 99Y.
The ground state band is well reproduced and several

side bands are predicted. Candidates for members of these
8). t should be pointed out that K

close to the value

bands are available
has not the conventional geometrical meaning in PTQM but

is defined guantum -mechanica?Tng.

In the quadrupole-phonen representation, a deformed rota-
tional state appears as a guantum-mechanical coherent
state with the number of guadrupole phonons - =, The
coherent state has a Gaussian-type distribution of guadru-
pole phonons centeredﬁ) ground n o~ %N. The phonon distri-
bution is the same for all states of the g¢.s. rotational
band.

In the odd-mass nucleus the PTOM analogs of Nilsson bands
exhibit a similar type of phonon composition which can

be interpreted as a supersymmetric Dattﬂrnlo)

The phonon compositiors of the states of the "K' = 5/2
band are shown in fig. 2. There is indeed an apparent
similarity to the quantum-mechanical coherent state with
the maximum at nn % + 7~ 5, The concept of a true
static deformation which would correspond to N +w= is far
from being realized.

It is interesting to note the difference in the phonon
compositions Tor ggY ana for 525641, which is also shown
in fig. 2. For the latter the n shifts to Tower ¥ and is

7SSe is a unigue parity

more strongly peaked although
g2 nucleus with a 5/2° ground state. It apparently

does .not. belong.-to:the SU(3) class of nucled,

2 — @
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Fig. 1: Comparison of calculated and measured levels in

99y

FRACTIONAL PHONON COMPDSITION

Fig. 2: Quadrupole phonon coemposition of the PTQM wave

functions of the states of "K" = 5/2 band, PTQM wave
function of the state \JK> in the standard particle-

vibration basis reads:

|JK> = Eip [3, nvi; J»

There, in ‘the basis state [i, nvl; J> the single-particie
state of j and the n-phonon state of angular momentum I
are ccupled to the total angular momentuym J; the guantity

EgnuI denctes the amplitude of the basis state |3, nvi>
i
in the wave function ‘JK . a) In the 99Y caiculation

there is j = dgyp: N 3 N = 7. For each we present the

phonon composition given by

: o 2
Aln) = 2 (g ot
A"

b) Similar plot for lowest 5/2y, 7/2;, 92y ... in e, -
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100
The nucleus 402r6O

the first heavy Zr isotope

has very remarkable features, It is
which shows rotational pro-
pertiesl) while its immediate even-even neighbour ZEers
has shelli-medel characterz) {E2§ 1223 keV). The first
excited 0 state of 1007 has been observed at 331 keV

3). This level

which indicates an asymmetiric nuclear shape
cannot be the head of a B band.

In order to get more information on the level scheme and
thus on the structure the nucleus 1ODZr has been rein-
vestigated through the B decay of 100Y at the fission
product separator TRISTAN4) at the High Flux Beam Reactor
of the Brookhaven National Laboratery, Many new v transi-
tigns in 1ODZr have been abserved and the construction of
an extended level scheme is in progress.

A first result is the evidence for the existence of a
second excited 07 jevel at 830 keV. A v-v angular correla-

tion measurement has been performed using a four-Ge detec-

tor setup5

tion pattern of the 617-213 keV cascade is the same as the
one for the well known 07-27-0" cascade of 119-213 kev,

). The result is shown in fig. 1. The correla-

The depopulation of the 830 keV level enly by the transi-
tion of 617 keV into the.2; state is consistent with the
assignment of ot for the spin and parity of this level.

(It should be pointed out that the existence of the 817

keV transition had been observed already in recent investi-

gations  at the separators 0STIS®) and JOSEF.)
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As far as its energy is concerned the new 0% tevel is a
good candidate for being the head of a B band. The further
analysis of the results from the experiments at TRISTAN
will show whether other members of this band are present.
Shell model ca?culations7) on the shape transition in the
heavy even 7r and Mo isctopes could reproduce the drop of
the 0; fevels between 982r and 1007, as well as the
existénce of three excited 07 Tevels in 982r below 2 MeV.
It would be of interest to see whether this type of calcu-

tations could also explain the existence of the new O;
100,
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2.6, Angular correlation measurements on
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The determination of the angular momenta of the excited
states is of importance for the understanding of the
onset of deformation at the neutron rich nucliei with
A 100, In particular, the identification of 0 -1evels
provides crucial probes for theoretical description of

the shape transition in this nuclear region. Fig. 1

shows a partial level scheme of the nucleus looMo.
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Fig. 2: Angular distribution for the
535-15% keV cascade {left) and for
the 1500-535 keV cascade (right).
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To study the spins of excited states of Mo v,y-angular

correlation measurements have been performed at the

fission product separator JDSEFI)

. An arrangement of
three Ge(Li) detectors, one being movable, on a gonio-
meter-tablte was used, which is similar to the one des-
cribed in ref, 2, The analysis of the data has been
carrted out and the first results show an I = 0 assign-
ment to the state of 2035 keV. The data were normatized
with the well known angular correlation of the 0-2-0
transition of the 159-535 keV cascade, measured simul-
taneously., Fig, 2 shows the 0-2-0 angular distribution
for the iatter (left} and for the 1500-535 transition
{right hand side)., The dotted curve gives a fit to the
experimental values and the solid curve the thearetical
pattern for a 0-2-0 cascade (solid angle corrections of
the detectors have been taken intec account).

The measurements indicate aiso I =0 for the state at
3}

an

1OOM0 give a 0t -state at 1720 keV and another one at
2250 keV., Probably the experimental I = 0 states can be
assigned to these predicted 0 -levels. To get more in-
formation about the 1OOMo~structure, it 1s of interest
to proof the parity of the I = 0 states and to look for

bands built on them.
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2.7. Nanosecond~Half-Lives of Nuclear Levels nezar
A = 100

G. Lhersomneau, T. Seo+, H, Lawin, G. Menzen

X, Stestemich
The study of the properties of deformed odd-mass nuclei
around A = 100 which is currently performed at JOSEF,
makes the knowledge of the half-lives of the Yowest
levels of these nuclei desirable., Therefore a systematic
search for detayed y-v coincidences was undertaken using
tyo intrinsic-Ge detectors with surfaces of 19 cm2 and

2 Ge(Li) dicde with a volume of 61 .

The half-1ives in the ns region have been deduced from
the measurements with the centroid shift method. The
determination of the centroids for prompt coincidences
as a function of the y-ray energy was obtained from
simultaneously measured y-y cascades of fission products
with known level-lifetimes. Especially the vy radiation
of 97Zr, Ref. 1), and of ggﬁb, Ref. 2}, with energies
between B0 and 200 keV was used. Between these experi-
mental points the centroid vs energy curve was inter-
polated with a simpie smooth function.

For each y-v cascade which was used for the determina-
tion of an unknown Tevel-half-1ife, two time distribu-
tions were obtained by starting the time-to-amplitude
converter with each v ray. After subtracting the in-
fluence of the y-ray energy the difference of the cen-
troid positions of these two distributions is equal to
twice the mean-lifetime of the level which is fed and
depopulated by them. An example for two such distribu-
tions is shown in Fig. 1.

The resuits for the Mo isotopes are given in Table 1 as
examples. They are in part average values cut of the data
for more than one y-v cascade. The uncertainties include
statistical as well as estimated systematic errors. The
tl/2 values fgg iOOMD and 104Mo agree well with those of
other authors”’ which shows the reliability of the
applied procedure. The value for the 103 keV level of
IOSMO is considerably smaller than the result of Ref. 4)
which points to a considerable deformation of this nuc-
teus, see separate contribution to this Annual Report,
Atso the present half-life for the 95 ke level of oMo
is smaller than the one from an earlier measurementS}.
Since the uncertainties almost overlap, the discrepancy
is not as pronounced as in O3Mo, but alsoc here the new
value indicates a stranger deformaticn {¢ = 0.29(6))
than the one which CDFFESpDndSS) to tl/2 = 1.Ins

(e = 0.21).
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Table 1: Measured half-life values

Isotope  Level ti72 {(ns)
(keV) present work previous work
103y, 103 0.45(16) 1L7(3) (4)
1034 95 0.54(25) 1.1(2)  (5)
100y, 595 1.81(23) 1.7(2)  (3)
g 192 1.05{15) 0,91(3} (9}
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2.8.  The Deformation of Toahogy

+ Y R . ++
Seo’, G. Lhersommeau, H. Lowin, R.A. Meyer ,

-3

G. Mensen, K. Sigtemich
N

In a recent pub?icationl) it was shown that the Towest
Tevels of Po (and of %Mo) Fit into a rotational

nd which shows fingerprints of a v[411 3/2] Nilsson

configuration, see Fig. 1. The half-1ife of {1.7 + 0.3) ns
of Setif et al.2/ was used to deduce the reduced transi-
tion prebabiltity B{E2) of 44 spu for the 10Z2.6 keV
ground-state transition and the intrinsic guadrupole
moment of |Qo§ = 1.92 barn as well as the deformation
parameter of |e| ~ 0.17. It was pointed out that these
values are small compared to the corresponding gquantities
far the neighbouring even-even nuclei and that the value
for ‘ci/2 (102.6 keV) of Ref. 2 has to be considered as

an upper limit.

In order to cliear up this apparent discrepancy between
the rotational pattern of the levels and the low values
of the above-mentioned quantities, the half-1ife of the
102.6 keV level has heen re-measured at JOSEF. The expe-
riment is described in the preceding contribution to

this Annual Report. The result of tl[Z = (0.45 £ 0.16) ns
deviates indeed, considerably from the old value. The
Tatter one had been determined through measuring the
time behaviour of the emission of the 102.6 keV transi-
tion with respect to the fission events of 2526f and it
might have been contaminatedl) by v radiation which feeds
into the 102.6 keV level.

The new resylt leads to values of

B(EZ: 103 keV) = (176 + 63} spu
a, 3.9(0.7) barn
. = 0.3(0.05)

which are consistent with a strong deformation of IOSMO.

References

1) K, Shizuma, H. Ahrens, J.P. Bocgquet, N. Kaffrell,
B.D. Kern, H. Lawin, R.A. Meyer, K. Sistemich,
G. Tittel and N, Trautmann, Z. Physik A - Atoms and
Nuclei 314,

2) H.A. Seli&, E. Cheifetz, J.B, Wilhelmy, Annual Report
of the IKP, KFA Jliich 1980, Report JiT1-5pez-99,
ISSNO170-8937, p. 69

£33 kaV
(9[2+)
o~ —_
ol o
) o
m S
& 241 keV
(75}
= ©
~3 [a2]
o~ & T i O 3keV
w
(517) <l tp=045ns
[an]
k- ket 5 O ke\!

Fig. 1: The proposedl) ground state band of

lGEMO

on leave of absence from Kyoto University, Japan
** on leave of absence {1982/83) from Lawrence Livermore

National Laboratory, USA

- 40




) . 101,
2.9. Band Structures in 41ND60

+ +t
Seof, H. Ahrens g7

Ao, Sehmivt', T, A
Bocquet“, ¥ KaffreZZ+J E:H Leawoin, G. Lhersovmequ,
R.A. Meyer“*, E. Shizumaﬂuﬂ, K. Stistemich,
6. Tietal', ¥. Trautmann
It has been observed recently that the level schemes of
nettron-rich nuclei with odd masses in the region of
A~ 100 contain well developed rotational patterns., An
cutstanding example is 99Y with a ground state band of
eight membersl). Evidence for band structures {or defor-
Tg%ions) ?gg also ?Sgn reported for g;RbGO, 385r61’
402r61, 42M061’ 42M063’ and single particle configura-
tions could be assigned to the individual band heads in
accordance with the standard Nilsson-model calculations.
Here and in the following contribution to this Annual

Report it is shown that also the odd-mass Nb isotopes

with 60 or more neutrons can be interpreted in this frame.

The Tevel scheme of 100b has been studied through the
& decay of lGer with the fission product separators
LOHENGRIN at the high flux reactor of the Institut Laue-
Langevin in Grenoble and JOSEF at the reactor DIDD of
the Kernforschungsantage Jiilich. The experiments have
been described in ref. 2) and a level scheme has been
nroposed in vef. 3). The low lying levels up to 593 keV
can atl be grouped into three bands as s shown in fig.
1. Tentative Nilsson assignments are proposed for the
band heads in agreement with the orbitals which are
available near the Fermi surface at e ~ 0.3, see fig. 1

of the contribution on b o this Annual Report.

The attribution of the individual levels fo the bands is
pased on the fact that the energies show a I{I+1} depen-
dence with the proposed values of K and on the fact fthat
all the expected intraband transitions have been observed.
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2.10.  Rotational Bands in loabg,

+ L . i
T, Seo , &.-M. Schmitt , H. dfwens

e ++ .
J.P. Boeguet , N, Kaffrell , H. Lawin,

o

G. Lhersowneau, R.A. Heyer , K. Shimwma
K. Sistemich, G. Tittel++, i, Froutmean |
As has been stated in the preceding contribution to this
Annual Repori, the observation of deformed structures in
heavy isotopes of Rb, Sr, Y, Zr and Mo has initiated the
search for rotational patterns in the ?ggtron—rich Nb
il e

isotopes. An extended level scheme of Nb has Deen
L
r

obtained and the properties of the levels have been
inspected with regard to their possible affiliation to
bands.

The studies of long were performed at the fission pro-

duct separators JOSEF and LOHENGRIN through the (7 decay
of 103
ceincidence spectra were determined in experiments des-
cribed in Ref. 1. At JOSEF the half-lives of individual
fevels have Deen measured with delayed v-v coincidehcesg}
{A first level scheme from the results of LOHENGRIN has
been given in Ref, 3.} Almost all of the levels beiow
750 keV can be placed in three rotational bands, see

Fig. 1.

Zr. Gamma-ray singles and y-vy as well as X ray-v

The energies of the band members show a linear I{I+1)
dependence if the values of K = 5/2, 5/2 and 3/2 are
assumed for the band heads at 0, 164 and 248 keV, respec-
tively. A1l expected transitions inside the bands have

been observed,

The Nilsson orbitals which are avai]ableﬁ) at the Fermi
surface are depicted in the inset of Fig. 1. Since de-
formations around ¢ = 0.3 have been observed for the
neighbotring even-even nuclei the probable proton confi-
gurations for the band heads in “OSNb are [422 5/2],
{303 5/2] and [301 3/2], respectively. The ratios

\(gK - gR)/QO\ which can be deduced?) from the relative
intensities of the intraband transitions allow a sensi-
tive test for the proposed configurations: Assuming

Q, = 3.6 barn {for e~ 0,3} and gy ~ Z/A the vaiues of
9y have been determined for the different bands. As can
be seen from the hoxes in Fig. 1, they agree well with
the thecretical estimates for the proposed Nilsson confi-

gurations.

Further support of the proposed interpretation of the Tow-

T [ - A . . .2)
1ying fevels in ~ "Nb is the fact that the measuredg'
half~lives of the band heads at 164 and 248 keV agree

well with the Nilsson-model estimatesa) (including pairing},

see Table 1.
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Fig. 1: Band structures in W, Level energies and
Nitsson-orbital assignments are given. Numbers below the
levels indicate energies relative to the band heads. The

hoxes contain the experimental (E) and calculated (T)

values of |(gK - gR)/QO\.
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Table 1: Measured and calculated half-lives of levels in 103

. . P
Level Assignment tl/Z{EXp) tl/z(w) tl/Z(N) tl/B(N) Fu FN Fu
{keV) {ns) {ns) {ns)
164 | f303 5/2] [a22 5/2) § 4.7(5) 7.00107° 2.8 6.7-10° 1.7 0.24
248 | 301 3/2) [422 5/2] | 2.0(6) 2.0-.107° 0,13 1,0-10° 15 0,43

P s . . T "
tl/z(W), tl/z(N) and El/z(h) are the Weifkopf, Nilsson and Nilsson-with-pairing estimates,

respectively.

iy = byylexe) /515000, Fy = typlexp)/ty p (0, By =ty p(ex0)/tp(H)
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2.11. The level scheme of ~° Cs
M. Bogdanowia +, H., Seyfarth
The odd-odd 13465 with b5 protons and 79 neutrons is

situated near te the closed shells Z = 50 and N = 82,

Its knowledge therefore offers the possibility to study
the interaction of protons and neutrons in the field of
the spherical {or only weakly deformed) vibrating core.
134

The low-lying states of
Cs( v) reaction using thermal and
. In addition 33cs(d,p) s and
Cs reactions have recently been studied

1
The present measurements on the 133 )'34

by means of the *

resonance neutrons
5
‘358a(t,a)134

Csin,v Cs reaction
have been made at the High-Flux Reactor of the ILL in
Grenoble with the bent crystal spectrometers GAMSI and
GAMSZ/3, the magnetic beta spectrometer BILL and the

The additional experiment with the
v-v coincidence spectrometer has been performed at the
WWR-M reactor of LNPI in Gatchina. At the Brookhaven Na-
tional Laboratory 5.9 eV and 22.6 eV resonance neutron-
capiure has been investigated. The l33C5(d,p)134Cs reac-
tion has been studied with the Q3D spectrograph at the
tandem accelerator of the University and Technical Uni-

pair-spectrometer.

versity at Minchen.

A careful analysis of all avaflable experimental data
has Yed to the levels with spin and parity assignments
cotlected in table 1.

134,

Table 1: Energies, spins and parities of the Cs
Tevels

Level energy 1" Level energy  [7

(keV) (ke

C a*

1l.2445(18y 5% 438.1737(31) 67,7
60.0296(13) 37,47 450.2371(22) 57
138.7437{29) 8§ 451.4241(17y 3Tt et
173.7938(15)  27,3%,aY  4sq.0870(22y  27,37,47
176.4047{16) 37.,4" 483.6571(2%)  27,37,4"
176.6400(29) 17,2%,3%  s02.8410(29)  3.4%,5°
190.2626(z8) 3*,4%,5%  s19.315108)  3T,4%
193.6156(20) 4~ 539.8731(56)  47,5”
197.7812(16) 2,3%,4T  570.8259(27) 47
209.5450(17)  4° 579,1314(37)  2¥,3%,4*
236.3332(18) 3°,4° 584,1795(26)  2%,37,4%
257.1074{23) 6 613.0196(54)  37,47,5°
267.6616(25) 47,57 624.0069(31) 57
271.3382(15) 27,3°.8%  643.9636(28) 47,57
290.9670(20) 2%,3%,4%  684.5039(49)  27....5”
344,3593(25) 77 688.6202(48y  2%,3%,4"
377.1020{20) 37,4" 693.8371(52)  2%,3",4"
382.9832(24) 6 701.9983(27) 37,47

Cs have been previousiy studied

- 43 -

Level energy  I" Level energy  I"

(keV} (keV}

715.8220(37)  27,37,47 948.1386(46) 37,47
720.7100{51)  2%,3%.4% 976,3094(37) 37,4”
741.2756(33) 37,47 991,8764(57} 47,5
752.7016(30) 4~ 1014348 {13)
801.2353(79)  27....5"  1043.5253(77) 2%....5"
g21,6104¢78)  2%,3%,4%  1088.4214{46) 27,37,4"
831.6822(40) 47,5 1094,5535(54)  27....5"
835.7113(45) 247, s{*) 1100,3376(87) 37,47
839.8136(35)  27,37,47  1142.8627(49) 37,47
880.3465(38) 37,4557 1152.481 (11) 3,4,
912.5988(68) 37,47 123,467 {12) 3,4,5
916.1778(76)  37,4" 1254,2028{54) 27,37.4
937.6296(48)  47,57,67  1266.1842(75) 374"
942.025 (21} 2,3,4

The spin assignments given in table 1 allow more ambi-
guity than those given in ref. 1 and our preliminary
assigﬂments3) which were by part based on.those of ref. I.
The spin assignments tc the 60.0 and 176.6 keV state are

of crucial importance for spin assignments to other states
on the basis of fransition characters. In spite of 3% and
1+, respectively, being strongly favoured for these two
states, no direct experimental evidence excludes the
alternative spin assignments to these states which are
given in table 1, too, and thern allow a wider ambiguity
in spin values cof other states.

For the interpretation of the present level scheme beyond
an earlier attempt4 3)
quasiproton and quasineutron to a vibrating core via ex-

) a model is used”” which couples
change of one guadrupole and one magnetic dipoie phonon,
In this Towest-order approximation the multiplet energy
splitting is equivalent to that resulting from fong range

singtet and triplet two-body residual interactiond}. It
tan be written°’7 as

L AE(3aiad ) =t & x (1)
52’ SELdpadnedpy Z C 2

2
,_ Il * D - lsy t D - 50, + 1)
where x o G a1 .( 172

igli, + 1) - 4y )

pote and sign of the

[
o
= O
<
-
W

Legendre polynomial refers to quasiproton and guasineutron
being of the same (~) or opposite {+) particle-hole

character.

In figs., 1 and 2 the calculated energy splittings of the
Towest multiplets with negative and positive parity are
shown together with the splittings of the experimental
excitation energies of those states which are interpreted
as members of the muitiplets. These assignments are based
on the energetic positions and in addition on the branching
ratios of E2 and Ml transitions and spectroscopic factors
which have been calcuiated within the mode?g), too,

Besides an gverall agreement fig. 1 shows an odd-even




staggering pattern.

This pattern cannot be reproduced

Dy inciuding higher order terms in the particie-vibra-

tion coupiing, one has presumably to use a short range

residual interaction which contributes higher mu?tipo1esg).

The coupling constants which are fixed by the multiplet

splittings of figs.

of th

he m87s2 P11z

1 and 2 can be used to predict those
and

"dgp Ve3sp0 9772 VS1s0

“d3/2 V8179 multiplets. The energetic positions and

decay pati

erns of the experimental statesY)

indicate

considerable mixing not included in the present simole

model,
3" & 5° [ 7" 8
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Fig. Least-square Tit of a second-order po]ynomqa]

(eq. ) to the experimental energies of the 735/2 “hlj/z

muitiplet states.
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{eq. 1} to the experimental energ1es of the wg7/2 vd3/2
multiplet states. The fit yields b2 223 keV and -

a/c.=-0.66.
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2.12.  In-beam study of the odd-odd nuclei in 1¥%La and
13614
T. Morek, H. Beuscher, B. Bochev, T. Kuisarova,

2. Lieder, M. Miller—Veggion and A. Neskakie

134,136

The level schemes of the nucled La have been stu-

dies by means of in-beam y-ray spectroscopic methods
following the (y,3n) and (p,3n) reactions. The beams were
detivered by the Jiilich fsochronous cyclotron JULIC. Since

1ittle was known about the level schemes of 135’136La ex-

tensive excitation function measurements and cross bom-
Lardments have baen carried out. To estabiish the Tevel

schemes and to determine spins and half lives of the le-
vels v-y coincidences, y-ray anguiar distributions and
time spectra in the ns= and ms-regimes have been mea-
sured. The resulting partial level schemes for 134,135,
are shown in figs. la, 1b and 2a, 2b. The Tow-spin parts
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Figure la: Partial scheme of low-spin levels

of the level schemes are shown in figs. Ia and Za. Long

Tiving isomers with half Tives of 29 us and 115 ms exist

in 134’136La, or B was tenta-
tively assigned to the 115 ms isomer in 136La. The Teved
sequences shown in figs. Ib and 2b are considered to con-
sist of high-spin states since they are much more strongly
populated in the «- rather than the p-induced reactions.
1t has been assumed that they are to be placed on the

29 us and 115 ms isomers in 134’136La, respectively. In
136La furthermore an isomer with a hal?¥ 1ife of 17 ns was

establishad and a spin of 3 was tentatively assigned to

resnectively. A spin of 7

it.

Low-lying levels of odd-odd nuclei are usually treated in
terms of proton-neutron configurations deriving from the
lowest single-particle orbitals. It is known from the
neighbouring nuclei that the Towest-lying proton orbitals
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Figure 1b: Partial scheme of levels probably based on the
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of'laqLa and 136La have 2d5/2 and lg?/2 shell model con-""
figurations. The lowest-lying neutron orbitals have
2d3/2, 351/2 and lhn/2 shell model configurations. The -
f0]1owing configurations may arise from the coupling of
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one proton and neutron:
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The levels arising from each of these configurations are
dagenerate if indepgndent particle motion is considered
but they split due to the residual interaction between

the proton and the neutron. To interprete the experimen-

134’135La simple calculations

tally observed states of
were performed for the above configurations in which the
matrix elements of the proton-neutron interaction was
assumed to be a & force using the formalism of Sasakil}.
Sasakil) applied the formalism only to cdd-odd nuclei
with one particle or hole outside the closed neutron and
proton shells, respectively. Since the nuclei 134’136La
have several particles outside the closed shell, calcula-
tions using his Tormalism are not expected to reproduce
the level energies but a correct level order may result.
As result the relative excitation energies of the multi-
plets resulting from the proton-nevtron configurations

£ A e oo £ aad
Ty, 2 4> d PUILLIY

on

[

=h

e T, LI S
MERLIUNEU apbuve are piuLieud il

the mixture parameter o which characterizes the residual

proton-nautron interaction.

134’135La result from the

The lowest-lying levels in
-1 - .

(“dS/ZVd3/2) and (wds/zusl/z) configurations. In bfth

nuclei the ground state has a spin and parity of 17. In

the calculations only one level with a 1% configuration

was found being the lowest-lying member of the (wd5/2vdq/2)
; 3

muttiplet, The (“d5/2ud3/2)2+ and (Wd5/2v3172)3+ configu_.~m -

rations may be assigned to the 21.8 and 44.3 keV levels,
mamcﬁvdyamee(r%/?dw2h+cmﬁmumtmntotm
172.0 keV state. The 140.0 keV level can be interpreted:

as.héying a (ndS/Zvd3/2)4+ configuration.
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Figure 3: Theoretical calculations of excitation energies
of profon-neutron muliinlets using the formalism of
Sasakil). The excitation energy is plotted vs. the mix~
ture parameter o which characterizes the residual proton-
nedtreon interaction.

The two isomers in 136La may be as well interpreted in
the framework of the calculations discussed above. Both
isomers result probably from the same muitiplet and a
nigh-spin configuration has to be involved, viz. the
vhyp,, configuration. Therefore the TdS/EVhE%/Z configu-
ration is taken into consideration. However, since the
nuclaus 136La Ties 7 protons above the c¢iosed shell the
ﬂd;}g vh£§/2 two-hole configuration may be regarded as
well. The calculations for these configuraticns are in-
cluded in fig. 3. The (ﬁd5/2vh1% 5) configurations of
Ii = 7: and 4~ or the (“dé}zvhiijz) configurations of

1" = 8 and 37 may be assigned to the 115 ms and 17 ns
isomers, respectiveily. Both assignments may allow to
understand the decay pattern of the 17 ns isomer, The
21.8,140.0 and 172.0 keV lewvels, which are populated by
the isomeric decay, resuit all from the (“d6/2“d3/2)
nultipiet, Therefore, the orbital anguiar momentum chan-
ges by af = 3 for the fsomeric transitions which causes
the retardation. However the decay to the 44.3 kel level
of (ndS/zvsiig) configuration is prohibited since AL =35,
It is resonable to assume that also the 29 s isomer in

1332 is a high-spin member of the {ﬁdS/ZuhH/Z) aultiplet.
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2.13. Interaction between Neutron Particle-Hole
and Octupole Core Coupled States in N = 83
Nuctei

+ . ++ ++
R.A. Meyer , X. Heyde , P. Van Isacker ~,

. . Ht ++ e
¥, Harogquier =, J. Moveauw , and J.L. Wood

For the N=83 odd neutron nuclei, the natural parity
states have negative parity and the low-iying Tevels can
be described as resulting from the neutron single-par-
ticle excitations, i.e. 2f7/2, 3p3/2... and their
coupling to the low-lying J7 = 2" guadrupole state of the
even-even N=82 core nuclei. Recently, there has been a
growing body of experimental evidence for a number of
positive-parity states below £ = 3 MeV in the %=83
nuclei. Two distinct mechanisms can give rise to such
states: (1) particle octupole core-coupled configurations
(12775 &37 et L., 137275, (39) 2p-lh dintruder
states, describad by a reutron excited from the filled
neutron orbitals belaw the N=82 closed shell into the
unfilled orbitals above N=82. Because the octupole state
steadily decreases in energy as 1466d is approached, the
two types of configurations will occcur at approximately
the same unperturbed energy in the Z z 80 nuclei. Thus,
we can investigate the extent of their interaction pro-
vided we have detafled experimental data for 1455m and
147Gd.The energy spectra of m have been known onlytoa
Timited extent even though early studies revealed a num-
ber of levels below Ex ~ 3 MeV, The properties {such as
Jd7, etc.) of these levels has not been known even though

a number of low-energy conversion electrons, originaily
measured by Avotﬁnal), could be associated with intra-
level transitions. Unfortunately, these transitions have
been discarded in data compilations because their counter-

In our

parts in v-ray studies have not been foundz).
145

studies we have produced mass-separated sources of Eu
and measured high-statistics Ge(Li) singles and Ge(HP)

Compton suppression spectra.

Analysis of these data,particularly the Compton suppression
data, have revealed over a dozen previously unobserved
y-rays of low energy (£, % 0.9 Me¥) which in conjunction
with the conversion electron data of Avotina et a]el)
provides multipolarities. These transitions can be placed
among levels up to EX w3 MeY, and as shown in fig. 1,
provide a J7 determination for levels below B 2 MeV,

In the present study, the particle-(hole)-core coupling
calculations are carried out in each subspace separately.
The coupling between the N=(82+particle) and the N={84+
hole) configurations is obtained by using the simplifying
assumption that the core states in the N=84 nuclei speci-
fied by the collective guantum number (R'}, are connected
with the corresponding core states in the N=82 nuclei,
specified by the collective quantum number (R}, via the
two-particle sheli-model wavefunctionT That s, the J" =
0" “N=84 and =82 ground states, are related by:

W= R = £ d (323073 [N = B2(R) > dgg.
o d

D .

Here, the summation jp runs over all available single-.:

particle states in the N=82-126 valence space.
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Fig. 1: Comparison of the resulis of the particle(hole}-
core coupling caiculations with the experimental data for

14550 and *ed,

positive parity states in
In fig. 1 we compare the experimental results with the
calcuiations for 145Sm and 147Gd, The experimental data
for 147Gd are from the recent results of refs, 3, 4. For
%550 we caleulate a large mixing between the 2p-lh and
the |2, ., @373 3> core-coupled states for the JT = e,
3[2+ and 13/2+ levels. The influence of such mixing for
the J7 = 13/2+ levels has already been discussed in detail
before, In this same figure octupnle-core coupled states
are observed to follow rather well the centroid value

ﬁm3 as obtained from the Jg = 31 excitation energy in

the adjacent even-even nuclei. The single-hole states,

on the other hand, cannot easily be connected to a single
J7 level, but show a Targe fragmentation. The interaction
between 1[2+ states need to be, on the average, a factor
of &~ 3 stronger than the 3[2+ configuration mixing matrix
glements in order to reproduce the experimental data.

In comparing the relevant reduced matrix elements
<3sl/2\|Y3\12f7/2> and 2d3/2“Y3|l2f?/2> the former is a
nonspin-flip matrix element thus accounting for the
difference in a simple way.

T Here R and R' represent all collective quantum numbers
{NqRq, NORO)R defined in-the N = 82 and N = 8& nuclei,
respectively. The indices-q and o denote quadrupole
and octupole phonons, N_;hg number and R the angular

momentum.

References

1) M,P. Avotina, E.P. Gregorev, ZR.T. Zhelev, A.V,
%Dlot§ven and V¥,0. Sergeev, Preprint OERE 2272, Dubna
1955

2) J. Tuli, Nucl, Data Sheets 29 (1930} 533

3) E. Newman, K.S. Toth, D.C. Hensley and W.D. Schmitt-Ott,
Phys. Rev, C9 (1974) 674 ’

4) M, Piiparinen, T. Komppa, R. Komu, A. Pakkanen and
J. Blomgvist, Z. Phys. A309 (1982} 87 and ref. thewin

~Fo1983 visiting scientist, permanent address: Nuclear
Chemistry Division, Lawrence Livermere National
Laboratory, Livermore, Ca. 94550, USA
S Lab. voor Kernfysica, .Proeftuinstraat 42,
- B-9000 Gent, Belgium
_%: School of Physics, Georgia Institute of Technology,
“Atlanta, Georgia 30332, USA




In the ¥ = 80 isotones 58Ce and 5ONd,

The 107 States of uhi%lz and “hngZ character
in the N = 80 Nucleus 142sp

M, Lech, J. Styczen , H. Bazuscher,

J. Blmqvist“

138 140

o

isomers of

(vh£§/2)10+ character have been firmly identified
at = 3.5 MeV excitation from in-beam v-ray- and g-factor
measurements. In the isotones above Z = &4, '66Dy and

Frrm e
LA [iag *H

2
ﬂh¥1

134ad (wh?
142
62780
Eariier studies
19

the

284
l'lg

107 isomers lieq’

and they are naturally int

excitations. The lowest 10

145 ns {scmer at 3.433 Mev6), has been shown
)

. . 8
9 excitation, and we have recently

Sm

and

2
11/2)

) to be a
identifted the
10t state 264 keV above, at 3.697 MeV. In

Kleinheinz,

1-3)

5) at much lower energy,

nucleus the situation was so far not c¢lear,

9

.10)

and more recent experimentsz) wWith

F beams could observe a Tong-Tived fsomer at

3.662 MeV, but its half 1ife and spin parity could not

be firmly established from these data. Alsc an attempt

Z)

t0 measure the g-factor rematned unsuccessful since the

main yrast v-ray cascade bypasses the state.

pil
We have now investigated 1725m through the (e,4n) and
(3H9,3n) reactions. These reactions often provide more
detailed Tevel scheme information due to their lower

angular momentum transfer to the compound nucleus. As a
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- A8 -

| "Ndia bn) S |
E,=60MeV
0 4

Tt T 1=175{5)ns

T ke

20 \ =

TI5ikeV

Coincidence Counts

L TH0T=LE00ns

we
tylins) e

g. 2: Half 1ife measurement for the 77(2.372 Mey) and
—rT

Fi
10°(3.662 MeV) fsomers in ' Sm,

resylt the main side-feeding intensity popuiates the
erergy Tevels in the I = 9 to 16 region which therefore
can be investigated more completely. In the experiment
we used > 60 MeV a-particles and 32 to 50 MeV 3He beans.
For both reactions the y-ray excitation functions and
angular distributions were measured, and detailed four-
parameter yy-coincidence measurements with 140 ns sepa-
rated beam bursts were carried ocut.

These data establish the 1425m level scheme up to 6 MeV
and I = 16 (fig. 1). Firm spin-parities could be assigned
for most of the levels below 4.8 MeV excitation. Our data
confirm the eariier tentativeg’lg) assignment for the
3.662 MeV isomer and we identify a second 10" state
164 keV higher in energy, at 3.825 MeV. The previously
unknown isomeric half 1ife was determined from the fyvy
data (fig. 2) as

T1/2(10 » 3.662 MeV) = 480 + 60 ns;

the same data give for the lower-lying 77 isomer
T1/2(7', 2.372 Me¥) = 175 + 5 ns

in close agreement with the ear1ier11’lo) resutt. We

also confirm the short-1ived isomer®>0) at 4,547 Mev.

A fyy_centroid shift analysis involving exclusively events

with full-energy abserption in both detectors gives '
?1/2(13', 4,547 MeV) = 2,6 + 0.5 ns.

The two 10% Tavel energies are in good agreement with the

systematics of the N = 80 isotones, but since they occur

close .in energy additional evidence 1s needed to deter-

mine their configurations. The present results clearly

characterise the lower {isomeric) 107 state as the

vhii/z excitation, The strengths of its three isomeric

Ctransitions are listed in table 1 and compared to isc-

meric transition strengths in other close-lying nuclel.
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Table 1: Selected Iscmeric Transition Strengths in Sm and in Neighouring Nuclet

Nucleus Ev Muiti- BH Ei Initial and final state ref.
{keV} poiarity configurations
U2e, 1290.3 £3 0.1 -z 2 '
52°Man ] . £ L18(2) 3662 (vh11/2)10+ - (Jhu/2 63/2) this work
-3 -2 -2 .
£ . 3 S oty + i
336.0 £2 1.3(2}-10 3667 {vh,1/2)10+ v 5/2 97/2)6 (uj }2+ this work
- - -9 -1 .
275.1 £1 7.0{(1.0)-10 3662 (v 11/2}10 = {0175 97 /0)g this work
146
3] 43 Tt > (r i -
662 an 127.0 E3 0.32(4; 2936 (Hnll/2)10+ (rhll/2 03/2}7 4
14; 2
-0 . E . T - =
%3 110.4 3 0.32(2) 2661 (Phyye V0077 = (12 G350 Y2l ot 12
138 Lipl =2 . -1 -1 , -2, .
paCesg 430.0 EZ 1.08(5)-10 3533 (V1120 10% > (vdgp 9770067 ()% 1
In our interpretation the 1290 keV E3 transition connects excitation, now known from Ce to Gd, iies at rather

2
constant energy, whereas the (ﬁh11/2)10+ state drops

, -2 -1 -1 ——
the (vh11/2)10+ and (Uhll/E d3/2)7_ neutron hole configu
conspicuously when crossing Z = &4 and stays constant

rations. This transition has not been observed in other

nuctei in this region, but the analogous E3 for proton for the nuclei above,
. 2 - o 4,12}
narticles, [”h11/2)13+ to (dhuf,2 d3/2)? , 1is known

in the Dy isotopes with 80 and 83 neutrons and found to

have comparable strength. A much higher £3 retardation * Institute of Nuclear Physics, Cracow, Poland

for the 1290 keY transition would be expected for the % Research Institute of Physics, Stockholm, Sweden
.2 L . . .

atternative (mn11/2)1g. isomeric state assignment.

Additional evidence for the proposed 0t configurations References
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Such a large hindrance reguires high configuration-for- — R . .

. . R -1 -1 ) 8) M. Lach, J. Styczen, R. Julin, M. Pijparinen, P.
biddenness, which suggests a (ndg,) 87 506" X {vi7)o%s Kleinheinz, Proc. lIast. Conf. on High Angular Momentum

= 4 assignment for the 3.326 MeV 8% state. In agree- Pr?pegtaes ?I Nuclel, Cak Ridge, November 2 - 4, 1982,

vol. 1, p.
ment with expectations a corresponding 8" state was not P . .. .
. . 184, . o M. Lach, J. Styczen, R. Julin, M. Piiparinen, P.
Touna mm Gd 'Ef‘ 'Eﬂ'ib energy FEQED[] rUT‘tﬂEB‘ buppur‘L fo' K]ejnhejnz, Annual REpOY‘t 198£’ I.KP—KFA JU"EC"?, p_ 4['
this v ; 4 8% assignment comes from a study of the ) FLA, Beckz T. Byrski, C. Gehringe?, A.Z. Hrynkiewicz,
= 80 853 nucleus, where the 3.538 MeV (vh 11 2)10 J.C. Merdinger, Y. Schutz, J.P: Vivien, Proc. Int.
/ Conf. on the Structure of Medium-Heavy Nuclei,
isomer decays through an analogous 10 > 8 transition, Rhodos, May 1 - 4, 1979, p. 289
but due to the unexpected large retardation (cf. table)} 10) H. Beuscher, D.R. Haenni, B. Bochev, R.M, Lieder,
the authors hesitated to adopt E2 multipolarity and T. Morek, M. Miiler-Veggian, A. Neskakis, C. Mayer-
L ) 138 Boricke, Proc. Int..Conf. on the Structure of Medium-

positive parity for the 3,108 MeY I = 8 Tevel in Ce Heavy Nuclei, Rhodos, May 1 - &, 1979, p. 290

In summary the present study has completed the systema- 11) G.G. Kennedy, S.C. Gujrathi, -S.K. Mark, Phys Rev.
€32 {1975) 553

tics for 10 excitations in the N = 80 150t0ne5 Trem . . N !
12) AM,. Stefanini, P.-K1e1nhe1nz,.M.R. Maier, Phys. Lett.

138, . 148 ' :
zgle. to 68Er As one would expect the {Vh11/2)10 EEE (1976) 405
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2.15. High-Lying Yrast States in Eu and its Mass

B. Rubio, R. Julin, A. Ercan, P, Kleinheinz,
J L. Tain, G.P.4. Berg, G. Hlowatsch,
J. MeiBburger, U, Paul, J.G. Rimer and

R .
J. Blomgvist

The nuclear shell medel relates the energies of mult

in neighoouring
ground state masses. Such analyses are particulariy
appiicable for maximum aligned multiparticle yrast states
which are well separated in energy from other levels with
the same spin and parity and therefcre expected to be
little affected by configuration mixing, These states
might therefore be used to deduce specific ground state
masses if the interactions are known from experimentl).

%54 one expecbs a 27/27 yrast state

In the N=82 nucieus
= 4 MeV of the configuration ”nll[Z 97}2 which is well
suited for such an analysis. Previous LA5Ey in-beam
studiest V) gave firm results only up to a 18/27 level at
2.835 MeV, but for the level scheme above this energy the
transition orderings and the Tevel parities remained
uncliear due to severe spectral complexities, We have
therefore carried cut additional measurements using the
Msnca.pon) reaction with ~ 50 MeV a-particle beams. The
excitation function results of fig. I cleariy specify the
the four yrast transitions above the 2.836 MeV

19/27 state as shown., The large negative AZ values {Table

ordering of

1) and intensity balance suggest Mi-character for the
three iow-energy y-rays and El multipolarity for the 794
ke¥ line has been firmly established from conversion elec-
tron measurements4}. The new data for the transition
muitipolarities give firm spin-parity assignments for the

associated yrast levels. In particuiar the 4123 keV level

i - . s -+
has I" = 27/2% and we interpret Tt as the {(th 11/2 9712)27/2

state mentioned above. The 25/2 member of this configura-
tion is calculated to 1ie .1 MeV lower in energy, and the
3977 keV ievel 1s identified as this state. It might how-
] 1 h2 -1 £/at o =y

aver admix with thg (“”11/2 d5/2)25/2 state expected .3
MeV above the 27/27 level, and we therefore will not con-
sider it in the analysis below. The 3183 ke¥ 23/27 state
s the fully aligned menber of the hy; o azly g;}z con-
figuration.

Table 1: Preoperties of four high-lying yrast transitions
in 145Eu measured in the {a,p2n) reaction at &5 MeV.

Ey - I$) A2 Aq Multipotarity
75.2(2)  12{1) -0.23(3) - © M1
146.5(1) 15(1) - -0.30(8) +0.03(10) - MI{+£2)
271,9(1)  59(3) -0.50(4) +0.09(6)  MI+E?
793.7(2)  42(2)  -0.42(5) +0.03(7)  E1®)(sM2)

a} normalised to 100 units for the 386.7 keV 11/2° > 772"
#2 trangition

b) from oy measuremeints of ref. 4
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Fig. 1: Gamma-ray excitation functions of four high-iying

yrast transitions relative to the 387 keV 11/27 - 7/2+

145 145

transfTtion in Eu level scheme,

143Eu

Eu, and the resulting
Above 55 MeV, the 2772 keV 1ine is confused by a

transition,

A she]i mode] reduct1on of the 27/2% state involves the
11
{r 11/2)10 tevel in Cd, the (=h

44Srn, and the (h
145

11/2 97/2)8 and 9~

11/2)1142 and (g7/2)7/2
fu and Pm With the experi-

mental energies for these levels the analysis gives for

states in
single proton states in

the combination of the four ground state masses

gcalc M(146 145 144 143

2177 ° Gd} - 3

Eu) + 3M(*77Sm) - M(""7Pm) =

~4924(50) keV.
- R 5) 146
Another decomposition, for the 17 yrast state™ of
at 7165 keV gives

Gd

s@alc_pstalc o ggoo(100) wev,

17 27/2 ~
in good agreement with the above result,
The ground state masses of 144Sm and 143Pm are primary

&),

mass values in Wapstra's tables 146Gd HAss was

recently measured in three 1ndependent two-nucleon

) 7-
transfer experiments’ 9)

. Using these mass data and the
above S-value we obtain

weale M5y 78034 (14) kev,
which differs by more than four standard deviations from
the tabulatedo) value.
In order to clear up this discrepancy we carried out a
144Sm{E’He,d)145Eu
single proton transfer reaction using the magnet spectro-

direct mass determination with the

graph Big Karl, Calibration reactions were performed with
EDBPb and 58N€ targets. The sequence of spectra taken

far the 145Eu mass determination incliuded several measure-
ments with the Sm target runs always sandwitched between
runs with the two calibration targets. independent deter-
minations were carried out at two laboratory anglés, 15. %O,
and 21.3% For 311 runs the magnet setiings were kepti un-

altered,.

A particular-probiem was the accurate determinaticn of
the reaction angie. It was extracted from cross-over

measurements of the 13& ground state and the 3,118 MeVy
208 ZC and

208

Bi state populated in the { He,d) reactions on
Pb.




Examples of deuteron spectra are shown in fig. 2. The
excitation energies calculated from these spectra for
the 56y Tines with the Wapstra®l
bration function are 59(4} keV lower than the known real

masses and the cali-

vatues, which requires a corresponding 59{4} keV correc-

96 1 (BHe, 8 *SEu E3u=6T2MeV |
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Fig. 2: Fxamples of deuteron spectra for determination
of the 145Eu mass with the (3He,d) reaction. Peaks with
excitation energies given in parentheses were not used

in the analysis.
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Fig. 3: Proton spectra for determination of the 146

mass with the (3He,p} reaction (cf. caption to fig. 2}.

Eu

tion to the ground state Q-value, Combining our result

l45£u

i
with the tabulated 14'Sm mass the new value for the

ground state mass defect becomes

M(lﬂfS

Eu} = -77995(7) keV,

which differs by -53(17) keV from the Wapstra value but
1ies somewhat closer to the result derived from the shell
model analyses discussed above, from which it differs by
39(18) keV.
14EEu mass was not yet measured by transfer
144Sm(3He,p)
experiment at & = 12.3°, 207Pb
and 2098i targets provide suitable calibration J-values,
txamples of spectra are given in fig. 3. The energy reso-
Tution of the proton peaks is + 30 keV fwhm. Of crucial
importance for identification of the 1465u peaks was the
knowledge of the excitation energies for the low-lying
146Eu energy levels which only recently were determined1

Since the
reactions we used the same “He beam for a
The (3He,p) reactions on

through in-beam v-ray studies. Although the cross sections

are much smaller for these two-nucleon transfer reactions
145

Q" TEu) = Q

giving the

it was possible to extract the Q-value as
(3He,p)exp _ Q(JHe’p)wapstra - 48(12) keY,

Eu mass defect as
m(1%cy) = - 77119(13) kev,

apparently in near agreement with the Wapsira value
- 77111{11) keV.

* AFI, Stockholm, Sweden
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2.16.  Study of Particle-Hole Multipletts in 1“0Gg

through (a,2n) in-beam Measurements
. e . - +
5. ¥, Yates, P. Kleinheinz, R. Julin, W. S@ffl ,

B + + + . LTt
. Henry , L. Mann , D. Deeman , o, Blomguisi

Lzt

. 146
Energy levels in the Gd closed core nucleus so far
. R , . 1,2}
were investigated through {w.5n) in-beam measurements 22}
146

and in decayg) of Te. The (a,%n) studies specified

the yrast levels up to ~ 9 MaV excitationy the B-decays
selectively proceed to specific particle-hole excita-
tions via aliowed GT transitions. From these studies one
knows that the proton narticle-hoie multipletts lie in
the 2.6 to 3.8 MeV region, whereas the neutron particle-
hole states occur at somewhat higher energies {» 3.4 MeV).
These energy levels provide basic input information for
shell model analyses in this region, but so far only for
one configuration, “hll/z d;}z, the complete multiplett
is identified. The yrast experiments, in addition, loca-
ted the 122382 107 state and the 9 and 8 members of the
Thli/z 97/2 configuration, and in B decay three neutron
particle-hoie states are populated,

To identify additional muTtipleti members we used the
(e.2n} reaction at Tow beam energy which is suitable to
populate levels above the yrast line. Detailed excitation
function measurements, carried out at the MPI Heidelherg
Tandem accelerater, suggested a number of new 1L?"SGd noh-
yrast transitions, as well as their approximate locaticn
in the level scheme which could be deduced from the exci-
tation function thresholds {fig. 1). These data suggested
25,8 MeV as an optimum bombarding energy for an {a,2n)
study to locate non-yrast levels in lﬂsed. At this energy
the {(«,?n) and {«,n) reactions have comparable cross sec-
tions, whereas other exit channels are guite weak. In
cotiaboration with the LLNL Nuciear Structure Group
extensive in-beam experiments were carried out with o~
particle beams from the LANL Tandem Accelerator. From
extensive 3-parameter yy-coincidence data (108 events)

many new lg’ﬁﬁd transitions could Be identified and placed
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Fig. 1: Selected (u,2n) excitation functions for yrast
and above-yrast transitions in 17PGd, The 997 keV % cd

ground state transition s inciuded.

in the level scheme, and firm data were obtained for
transitions as weak as 0.3 ¥ of the (a,2n} exit channel.
Transition multipolarities have been deduced from angular
distribution data, aisc taken at 25.8 MeV, and from con-
version electron measurements where many of the new
transitions are observed. These electron specirs were
measured with a superconducting solenoid operated in

swept-current lens mode.

The level scheme resulting from these dafa is given in

fig., 2, with the yrast decay known from the earlier studies
shown to the left. The new 1466d y-rays are gquite weak,

in general < 5 % of the («,2n) channel, but due to the
high quatity of the cofncidence data most of the levels
couid be firmly iocated. In many cases the level spins

and parities could be characterised from the transition

Fig. 2: Level scheme of 146@

observed in the (=,2n) reac-
tion at 25.8 MeV, The pre-
violusly known yrast-decay is
shown to the left; the inten
sities in the right part of
the figure are drawn five
times thicker than the yrast

I6TY

v rays to the Teft.
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wr
i

s e
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Fig. 3: Two-proton multipletts in 146

muitipiett members are drawn at their estimated energies.

Gd. Non-observed

Known neutron excitations, and selected v = 4 levels are

also included.

properties; feeding intensity arguments have also been
considered, Many Tevels however are specified through
only one y-transition and a number of 1 assignments
for such monopode levels remain tentative.

The proposed configuration assignments are given in

o . 146 < .
fig. 3 where all known Gd levels below 4.8 MeV exci-
tation are inciuded. These assignments are primarily

based on energy considerations. The figure includes all
ve2 el Fir% ana S5l maitipletts provided by

the five proton orbitals between 50 and 82, Yet unobserved
multipiett members are drawn at estimated energies. It is
apparent that the (o,2n) experiment located levels up to

~ 1 MeV above the yrast line; knowledge of higher-lying
Tow-spin states remains sti11 limited. Neutron particle
hole multipletts are expected above 3.4 MeV excitation.
Included in the figure are oniy the 3 known v+1v-l states,
and the neutron pairing vibration observed in a recent4
{p,t) experiment. A few v = & states expected below 4.8
YeV which invoive the 3 octupole phonon are aisoc shown.
oF these, the (37 x 773107 and (37 x 5-y8" assignments
are reasonably firm, whereas the {37 x 3")6+ identifica-
tion s still highly tentative,

+

LLNL Livermore, Ca., USA
™ aFr Stockhoim, Sweden
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2.17. Single- and Double Octupole Excitations in 14SGd

5. Lunardi, P. Klsinheinz, M. Piiparinen,

M. Ogawa, J. li'Zor.W‘q'v’a,'si:1k

The study of particle-phonon coupling phenomena in nucled
provides the basic understanding for the vibrational an-
harmonicities, Which in turn are of crucial importance
for the properties of two-phonon excitations., A number of
recent in-beam studies have provided first results on
particle-octupole coupling for the neighﬁours of 146@d
which has a 37 first excited state at 1.6 MoV, OF the

147 1) so far the

vf7/ x 37 septuplett in Gd one knew
13/2° member which occurs as Tow as 1.0 MeV due to the
interaction with the close-lying “113/2 singie-particle
state. In a recentz) experiment five of the remainingsix
muitiplett members were observed, all within < 180 keV of
the 1.58 MeV core phonon energy. These results evince
that here the Vf7/2 x 37 coupling is weak, comparable

to 20981, where the splitting of the “h9/2 x 3 saptu-

piettd) is < 250 kev.

We have now studied the coupling of two f7 2 valence par-
ticles to the 3~ phonon. In the nucleus 138¢d such exci-
tations should occur not far from the yrast Tine and we
coutd show that they are populated in (a,xn) reactions.
In these experiments we have also ohserved two further
two-phonon octupole states, which involve the stretched
coupling of valence particles and core phonons, analogous
as in the known4) 18/27 two-phonon octupole state in 147

We had ear11er5) investigated 1485d with the {e,4n) reac-
tion, bui due to severe spectral complexities only incom-
plete information was obtained on the level properties, UWe

have now performed additional (3He,3n)y and e experiments

viOctupole vt VicT

5334 "
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0
v

ey,

O

148
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Fig. 1: The energy levels of 148Gd arranged according to
their structural configurations as shown above. Transi-
tion multipolarities derived from conversion electron
data are given.

Gd.

148

which completely specify the Gd high spin states up to

148Gd levels are

187 and 6 MeV excitation. In fig. 1 the

arranged in four groups of different configurational charac-

ter as labelled on top of the figure. The two groups to

the right are high-spin sheil model excitations invelving

the two valence neutrons coupled either to proten particle

hole core excitations or to the (“hil/z j—2)10+ core ex-

cited state. Here we consider only the levels shown to

he Tefi, vz the pure two valence neutron states (ufg/z,

= N A e:+ ) o L a +\ 1o o

=0, 2,4, 6, and uf i1 ,u =8 5, and the coupiing
A

of these states to the

Ca o

Gd octupole phonon,

Ten octupoie states were observed and are given in the
second group in fig, 1, including the Tl/z = 17.5ns 97
isomer at 2.694 MeV which decays to the &% state through
an E3 transition with 55 (6) BN. The cctupole nature of
the 87, 117, and 12" Tevels is deduced from decay
branching ratios which strongly suggest that these levels
cannot be of multiparticie character as the levels shown
to the right. The highly selective decay of the two high-
Tying 147 and 15 states also suggests octupole nature,
but the ypper one has no parity assigned yet and is there-
fore not considered in the discussion below.

for calculating the f$/2 x 37 energies in 148Gd we first
consider the one-particie x phonon spectrum observed in
147Gd which also specifies the coupiing of two f?/z neu-
trons to the 3 phonen (fig. 2). In the calculations we
diagonaiise the strong interaction of the (vf7/2 % 3-}13/2+
septupieit member with the v513/2 single particle state
using the matrix element <i13/2§HCOUD]|F7/2 x 37, 13/2 =
.8 MeV and the ?i13/2 single particle energy of 2.1 MaV.

In contrast to the one-particle case of 147Gd, where the
i13/2 excitation affects only one multiplett member, the
analogous mixing in the two-neutron case of 1486d involves
the 3 ¢ I ¢ 9 members of the vf7/2 113/2 two-neutron
multiplett which lie high above the 48Gd yrast 1ine ang

have not been observed. For the calculation we assume

core vhgx¥ vih vhEx3
caic.
g 29 995
1342 LA IR T
- R SR 3
Bxp 557 o
ralc 69, 23
. P
W 1555 g At
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tég g (S Gy e
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Fig., 2; Observed Uf?/z x 3 octupoie excitations in Gd

compared with calculated resylts. Empirical input data
used Tor the calculation are shown to the left.

Y




that the 4~ < I €9 vfi states lie 2.1 MeV above the
(vf§[2)5+ level, and that the vfi 37 state is 600 keV
lower. These assumptions fully specify the diagonal ener-
gies for calculation of the vf x 3, vi interacticns in
the uf2 x 37 multipletts the much smaller anharmonicities
of the vissp X 37 couplings with 1/2 < 3 < 11/2 are in-
cluded as a perturbation. We diagonalise the interaction
matrix within the basis states i(fE)J:0’2’4’6 X 3"|I and
(fﬁ)l, where in each case the appropriate geometrical

factor is taken into account for the off—diagonal 113/2

to each dIagonal alem

cantributions ent | The fig. 3 shows

the complete results of the diagonalisation. Numerical
results are given in fig. 2. So far onily high spin mem-
bers of each fg % 37 group were observed, but we note
that their energies are well reproduced, and also that
the calculated relative energy shifts within each J-
group agree excellent with expeariment in the two cases

where more than one group member is known.

To the 97 = 6" £3 strength two components
vz the core octupcle L3 and the v113/2 - vf7/2 single
particle £3 transition. The latter can be extracted as
8.5{4.5) Bw frgm the observed 44(6) Bw of the 997 keV
i47Gd and the known core strength of 37(2)

transition in
B,,. With this result, and the 9  wave function obtained

I
above, the 9 + 67 BE3 value becomes 49(8) B,; in good

agreement with the observed 5hH{&) BH'

The 117 level at 3.701 MeY is assigned as a stretched
one-pghonon octupole excitation built on the {\)'FNZ h9/2)8+
to

state. The coupling of the (v h9/2 x 37)13/2% Teve
the ?13/2 single neutron state will be very weak since
the VT;3/2 r vh9/2 E3 transition involves a spin-flip.
The 11

pleteiy analogous fo the vf7/2 x 3 excitation in

octupole state energy should therefore be com-
147. .
@G,

Meld

frsg iz

ifhly %37

]LSGd

F4 %37 Excilations

F Theary — -

Expmt —

P

Fig. 3: The complete vf§/2 x 37 energy spectrum calcula-
ted for 148Gd. Alsp shown are the two-neutron states
from the vf7/2 il3/2 configuration. Observed cctupole
states are included.
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Fig, 4: Single- and double-octupole excitations in Gd-
nuclet with 82 to 84 neutrons compared with calculated

resylis,

The cbserved 1008 keV 87 to 117
18864 15 indeed in close agreement with the 997 keV
13/2% 18764 (riq. 4y

energy separation in

energy in

We assign the 12% and 14% Tevels at 3.980 and 5,167 Mev
as the stretched two-phonon octupole excitations buiit

. 2 + :
on the atigned (\;f7/2)5a'and (va/Z h9/2)8 two-neutron
Their energies can be predicted from the experi-
on the {f % 37 % 37)19/27 two-

147 7/

phonon octupole level in Gd. The fig. & gives a
synopsis of the three observed double octupole states.
The unharmonicities for the /Gd 19/2°
in a recent article, whare it was shown

states,
. . 4)
mental information

excitation have
been discussed4)
that a 0.41 MeV upwards shift for the 6 two~phonon
state arisas from Fauli-blocking of the dominant - ‘qll/Z
r/z amplitude of the 37 phonon. This shift, as well as
the associated Paulf-reduction of the BE3 value, are
taken into account in the calculated resuits of fig. 4.

in the calculation of the 147 two=phonon state of lgBGd

We again 1gnore the presence of the hg/z spectator neu=-
tron, The 147 energy is thus evaluated analogous as Tor
the 19/27 two-phonon state™) in 1%7 = 5.184
MeV for th;s vf7/2 hg/2 x 37 x 37 double octuoo?e state.
In the (vf! 7/2 % 37 x 37 )12 state, the presence of two
f7/2 neutrons causes non-siretched contrlbut%on; The
Tevel are vf"™ x 3 x 3,

in Gd, giving E

configurations present in that 12t
uf110 x 3, \Jf19 x 3, and 12. We diagonalise the inter-
action with the Ti-states within this 4 x & matrix and
again incliude the Pauli Blocking shift as well as the
pertinent contributions due to the anharmonicities from
the (f x 3)j < 11/2 couplings by perturbation. Both cal-
cuiated two-phonon level energies.are in nice agreement
with experiment (fig. 4). ' :
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2.18. Search for Rotational Band Members in 152Eu

prF s o L.
P.T, Prokofgev , L.I. Stmonova , H. Matthes,
F, Soramel-Starco, J. Siyozen, A, Frean,

P, Kleinheinz

Originally it was thought that both deformed as well as

spherical shapes occur among the low-iying levels of the
doubly odd 1S§Eu89 nucleus, but the results of very de-

tailed {n,y) studies suppiemented by single-nucieon

transfer reactions suggestl) rotational bands with

A = 11 keV and thus a stably deformed nuTlear shape. Since
oo 152 . 1) . .
nowever the Eu capture state has ) the rather Tow spin

of 3% 1t was not possible to cbserve more than two rota-
tional excitations for each band, except for the ground
band where & third rotational state with I™ = (&) was
tentatively assigned.

152

The Eu energy levels can also be populated in the

1Sﬂ'Sm(p,Bn) reaction where = 10 fi are transferred to the
compound nucleus. At this moderate angular momentum in-
put the v-decay is not yet sharply concentrated along the
yrast line and it might be possible to extend the known
near-yrast bands towards higher spin, Our results show
however that this is very di fficu]; in a nucleus with
very nigh level density like 2Eu. The {p,3n) measure-
ments were carried out with proton beams from the IKP
cyclotron and a 4.9 mg/cm2 thick self-supporting 98.7 %

d 1545m target. Gamma-ray excitation functions

enriche
were measured from 26 to 35 MeV proton energy, the angu-
tar distributions were determined from measuremenis at
six optimally spaced angles ranging from 20” to 1650,

and four-parameter two-detector yy-coincidence measure-
ments were performed with 120 ns beam burst separation.
Planar Ge detectors of 20 em® and 30 e’ with < 750 eV
fuhm at 122 keV were used in all measurements, The
optimal beam energy was found to be 29 MeV, where = 55 %
of the compound nuclei lead to formation of 152£u. The
{p,4n} exit channel at this enerygy is about twice as
strong as the (p,2n) channel, but due to the higher y-ray
multiplicity in the deformed 153Eu nucleus the transitions
from the two odd-A Eu nuclei were equally strong in the
coincidence projections. Of the known 152Eu transitions
the unresolved 89,4 and 89.6 keV ground state transition
doublett strongly dominated the spectra; the second
strongest 152Eu 1ine was > 10 times weaker, This quite
unusual observation in an in-beam y-ray experiment is

152,
Eu Tevel density and re-

clearly related to the high
emphasizes the difficulties to study this nucleus through

the (p,3n) reaction,

The figure one shows a fraciion of the 1526 Tevel scheme
which could be extracted from the coincidence data, Clear-
cut results were obtained for the K = 3 ground band,
although it is extremely weakly populated in the (p,3n)
reaction. In the tyy time distribution measured with the
89.6 keV doublett no prompt contribution due to the 89.6
keV ground state transition is apparent, and one.can con-
clude that its contribution to the coincidences is < .7 &.
However, thrée ground band transitions, 110.0, 131.8, and

156.3 keV, clearly occur in the coincidence spectra when

appropriately sharp prompt and in-beam gate settings were
set for the t,. and toop
could possibly be the next nigher ground band transition,

but this could not be ascertained since in the neighbourirg
153

time parameters. A 193 kel v-ray

Eu nucleus an intense 193.1 keV line is also in coinci-
dence with transitions of 111.6, 131.8, and 156.1 keV {%)
The properties of the 1525u ground band transitions extrac-
ted from the singles specira are listed in Table 1, The
measured negative A2 values are consistent with M1l cas-
cade transition character. Our 131.8{1} keV¥ & = 5 +y-ray
energy is clearly higher than the 131.16 keV line tenta-

tively assigned in the {n,y) study.

The coincidence spectra give tentative evidence for two
further bands, built on a knownl} 1" state at 221.7 keV,
and on tha 384 ns 5% isomer at 89.8 keV. The proposed
715324 (v |B054]K
accord with the regular rotational spacings and the A-
parameter of = 8.2 keV. We have here nowever reinterpreted
= & state as a rotational state, whereas in the

= 37 configuration assigmnment is in

the 1
{n,vy) work it was assigned as a K = 4~ bandnhead, The
proposed new band built on the «|513+1v[4024|K = 4% 384
ns isomer has strongly staggering rotational spacings,

admixture, Bands

indicative of a significant w[651+!
154

with this i13/2 neutron orbital in Eu show similar
enerqy spacings. Since however y-ray anguiar distributien
and intensify data are not yet available,these two band

assignments must remain tentative.

152

Table 1: Ground band transitions of Eu observed in the

{p.3n} reaction at Eo = 29 MeV

i T T
E ({ke¥) Iy AZ/AG Affl/A[} EX E}.—»If ‘
89.86(6)% 1000°  +.00{1)% -.03(2)% 89.61(0)" a7na
11,0 (1) 10.6(7) -.13(6) -.09(5) 200.75(0)" 5 +4'
131.8 (1} 7.8(6) -.14(4) -.00(5) 332.55{10) § »5~
156.5 {3}  3.2(8) -.17(18) -.02(20) 489.05(14) 7'»6'
L titted for doublett; ° from {n,y), ref. i
4890 ——— T .
sy ——— &
3 38,78 g 754 ——
s — s < -
281,16 T oy, A
= 7145 g | 3 %5
0.7 4 5 4 197830 E 5 g
% se2d o K740 °i_ L B
= favi I ] R 5 s 7o ; §‘, .
£9.61 Q’ W ¥ §&¥°m&s$ B
DA ! 5,

3

LAHSERYR IR o m|5324|v]S5¢] Titi3 gl a024+6518]
152,
AT

152

Fig. 1: Selected rotational bands in Eu observed in

the (p,3n} reaction, Energies Tabelled with ¢ are taken

- from the~(n,y)-werk4);

_Reference

l)-T von, £g1dy et-al,-Z. Phys. A286(1978) 341

Latv1an SSR Academy of Sciences, Institute of Physics,

Riga "

- BG-o




Study of the band structure in the odd-odd nucieus
180
Re

Te. Venkova, B. Hochew, ¥W. Gast, T, EKutsarova,
, ¥
Yorek and G. Siettan

86

5%

R.M, Liedsr, T.

1)
0s showed

that the second crossing has a different characteristic

The investigation of crossings bands in

frequency for negative- and positive-parity bands. It has
been demonstratedz) that this frequency shift is caused
by a configuration-dependend residual interaction bet-
ween guasineutrons and quasiprotons. In order to learn
more about th f th
odd nucleus ORe has been started. In this way the
features of bands containing one guasiproton and one
quasineutron can be studied, the simplest system to in-
vestigate residual proton-rneutron interactions. The odd-

odd nucleus lggReIDS has been produced by means of the

lBlTa(a,Sn)lscRe reaction using a 62 MeV o-beam from the
isochronous cycletron JULIC. Measuremenis of the y-y coin-
cidences were carried out using four large Ge detectors
and a muitiplicity filter consisting of four 3"x3" his-
muth germaniate detectors. A large member of discrete y-
lines nave been cobserved giving rise to a complex vy-ray

spectrum,

A careful analysis of the v-y coincidence spectra was
necessary to establish the level scheme. Seven rotational
bands have been identified. In order to establish their
deexcitation to the 17 =5/27[402]+ - v7/27 [514] ground
1SDRE3}

tions four-parameter y-y coincidence measuremants have

state of , whicn involves low energy y-transi-
been carried out using a large {60 cms) and a nlanar
{20 cmg) detector. The parameters were the two vy-ray
energies, the time tYY between the emission of two y-

rays and the time i which elapses between the forma-

ybeam
tion of the nucleus and the deexcitation of its levels.

lsoRe is shwon in fig. 1, inclu-

180,

A partial level scheme of
ding those bands, which definitely belong to e, They
are of strongly coupled nature. The remaining four bands

are of rotational alignment character. More experiments
i80

are necassary to proof that they belong to

....... ay be Re. Before
an interpretation of the bands can be given their spins
and parities have to be determined invelving the clarifi-
cation of their decay to the ground state and the measure-
ment of y-ray angular distributions. Corresponding experi-

ments are in progress.
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2.20. Investigation of band structures and crossings in
181
Us
R.M. Lieder, A, Neskakis, G. SZe?':?:enie and J.D.
Garr’etﬁ*
— . o as . R . 180 .
In the investigation of high-spin states in Os nine

bands have been observed. Detailed information about six
of them has been pubiished previous]yl). They have the
following features:

1) Two crossings exist in the bands which are caused by
the rotation alignment of a pair of 113/2 quasineu-
trons and h9/2 quasiprotons, respectively.

The second crossing has & characteristic freguency
which is 60 keV smaller for the negative parity bands
than for the positive-parity bands, probably due to
residual interactions depending either on the configu-

—r

ration or on the number of quasiparticies.

The bands (-,0), and (—,1)3 {the labelling (r,u)n in-
dicates the parity v and signature « of each band and
the number n is used to distinguish variocus bandsj,
which have the same configuration, show a significant

3)

signature splitting not being expected in the frame-
work of the axially symmetric cranked shell model.

The (+,0}, band forming the yrast sequence at Tow
spins is crossed by the (—,1}3 band at a spin of I=189.

——

In order to obtain additional information con these fea-

18105 has been investiga-
167

tures the neighbouring nucleus
ted. It was produced by bombarding a
81.5 MeV 180 tons deliverad by the F¥ Tandem accelera-

tor of the Niels Bohr Institute, Copenhagen. A y-v coin-
cidence experiment has been carried out with 5 anti-Comp-

Er target with

ton spectrometers. The angular distributions have been
measured with an anti-Compton spectrometer consisting of
a large Ge detector and a cylindrical suppression shield
made of bismuth germanate. A partial level scheme resul-
ting from this investigation is shown in fig. 1. In total

13 bands have been observed. The previously knownz)
(+,i)1, (-,t}z and (-,+)3 hands {for odd-mass nuclei the

=t is

signature is o = = 7 here the abbreviation o
used) have been extended up to a spin of 61/2". At least
one side band has been found for each of these bands
consisting of a few members only. Of special interest is
the side band feeding into the {-.+), band. It represents
most likely the missing (-,-}4 band which is shifted con-
siderably upwards in energy because of their 1/2 521
configuration.

For the most prominent bands the aligned anguiar momentum
is plotted in fig. 2 as function of the rotationai fre-
quency. A11 bands shew two crossings. They are caused,
OOS, by the rotation alignment of a pair of

113/2 quasineutrons and hg/2 quasiprotons,respectively.
Of special interest is to compare the characteristic

as in

3

T T

e

ISEOS

g, =247 HiMeV
O, = 1025 HyMev’

[

1

0.4

0.2 a3

fiw MeV)

Figure 2: Plot of aligned angular momentum vs., rotational
Frequancy for bands in '810s, A diabatic reference has
been used. The parameters of the Harris expansion were
obtained by Titting the g band in 18%0s.
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frequencies of the second crossings in 18103 and l8005.

They are‘hmc = 0.32 MeY and'ﬁuc = D.38 MeV, respectively,
for the negative- and positive-parity bands in l8005
(ref. 1) and hw, = 0.32 MeV and Fu, = 0.37 MeV, respec-
tively, for the (-.z}, and (+,:1)1 bands in 18105. Not
only the absolute values but also the frequency shifts
Tmost the same in both cases. This result allows to
rule out that the freguency shift depends on the number
of quasi-particies involved in the configuraticns of the
bands since in 181g5 311 the second backbendings result
from the crossing of three- and five-guasiparticle bands.
It may be concluded, therefore, that the residual inter-
action, causing the shift, is configuration dependend.
Since the configurations of the (-.z}, and (+,:)1 bands
in Blos differ by a 7/27|514] quasineutron it may be
assumed that the residual interaction between this con-
figuration and the 1/2_\541\ quasiproton configuration
produces the freguency shift.

Another interesting feature is the signature splitting
between the (+,+)4 and (+,-)l bands in 183Os. It is very
similar to that of the (-,0), and (-,1) bands in 1804
which are considered to have the configurations

[(+:-); (% (-,+}2§ and |(+.+) (%) (—,+)2i, respectively.
It is, therefore, reasonable to assume that the signa-
fure spiitting is due to the (+,i)1 configuration. In
order to find an explanation for the signature splitting
calculations have been carried out in the framework of
the axially asymmetric cranked shell mode]B). Iin fig. 3

IBQGS:

70225
N gR003
! \\TTU.):O.Z?BMEV

,I
, \ /

(MaV)
15

83!

oalll Fur
ix

e

ST SF Se0T 30 7 36°., 60°

1

Figure 3: Plot of the quasiparticle energy vs. deformation
parametar y for i;s/, quasineutron configurations as cal-
culated in the framework of the axially asymmeiric cranked
shell model.

the quasiparticle energy is plotted vs. the deformation
parameter y. In the "Lund convention® (ref. %) used here
for the definition of the deformation v an angle between

0% and -60° means a change from a prolate to an oblate
shape, for which the nucleus rotates around an axis per-
pendicular to the symmetry axis. The calculaticns have

been carried out for a rotational frequency of huw=0.218MeV

at which the experimental value of the signature splitiing
is ae' = 0.15 MeV. It can be seen that the calculated
signature splitting depends strongly on the v deformation.
Already a small y value of y = -8% is sufficient to ex-
plain the experimentally observed signature splitting.

A& deformation of this order of magnitude is expected

for the Os nuciei since they 1ie at the border of the de-

formed region.
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2.21. Search for the twe photon decay of light
pengtrating bosons with the use of a

rotatable detector arrangement

H.Bechteler, W.Ermer, H.Faissner , H.R.Xoch,
O.7.B.Schult, H.Seyforth, R.Iogeshuor &
The question of the existence of light penetrating
bosens (LPB) and their emission by excited nucled
is of fundamental interest. A search for their two-
photon decay at the FRJ-1 reactor (Merlin) was per-
improved rotatable set-up shown in fig.l.

\
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Fig..l: Rotatable unit installed at the 10 Md Tight-
water reactor FRJ-1 and located within a conventional
tight shield. The Nal{71) detectors A and B (5" dia x 4")
serve for the cbservation of the twe v guanta which are
expected from the decays occuring in the 352 mm long
decay region. The whoie rotation unit is covered by
the veto counter C. The monitor counter S (2" dia x 2"}

serves tc detect any anisotropy of the background
within the stationary shield.

Lmm brass

LLL LY L L0 S L L

S0mm fead

500 mm concrgte

NN

between both detectors the detectieon efficiency for the
two photon decay of a Tight particle {assumed rest mass
250 keV/cz) was improved by & factor of 2.9, with respect
to the earlier set-up. The energy spectrum of the nuclear
transitions, which served as input for the Monte-Carlo
calculations, was assumed to be directly proportional te
the yeactor v-ray spectrum3}. In the earlier ex;:usrimentls
the veto-counter L had been positioned between the
top cover of the rotating irmer 100 mm lead shielding
and the stationary 50 mm lead top cover. The instalia-

2)

- 60 -

tion of the veto-counter C below the total top cover
of 150 mm lead results in an increase of the veto-effi-
ciency against cosmic-ray induced coincidences by a fac-

tor of 2 (the ratio ARC/AB decrsases from 0.2% to G.14)
Measurements were performed in & different positions:

o = 0%, 90°%, 180°, 270°. only in the 0% pesition the
simultancous detection of the two decay photons is
possible. In the other 3 positions, conservation of
allow the two photons to

transverse momentum would not

hit directly the two detectors and to be registered as
a decay event. Measurements in the effect position (QO}

and £n the 3 non-effect positions (900, 1800, 2700) were

performed at both reactor ON and OFF conditions permit-
ting an empirical background subtraction.

Systematic changes of the coincidence rate show a
correlation with the atmospheric pressure in agreement
with our previous experimentl’z}. The measured rates
ware corrected with respect to atmospheric pressure vari-

ations.

(31
13r

%)

b
L Halpdimin']
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50l D immHgl i
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vsh Nolpl-0.010-(760-p) {min"} ]

Fig. 2: Effect of atmospheric pressure on the measured
“oincidence rates and their correction {50 keV <« EA’EB <
3 MeV, explanation see fextj

dependence of -the original counting rates No(p) is
plotted. It is correlated to the atmospheric pressure
] (Figﬂ eb). The systematic changes in No(p) are reduced
after correction (Fig. 2c}. The corrected counting rates
are normalized to 760 mm Hg. '




In Fig. 3 all mean coincidence rates for the different
angular positiomswithout and with pressure correction
are collected together with

WITHOUT P- CORRECTION!| WITH P- CORRECTION
Wi 1 -
i
Lé”
[
E
g
5 15~
=
g 7
S R.ON - R OFF
G5 7
CRGIS .
. H
] - i
005
= 4 1 1 1
L 80° 270°

Fig. 3: Mean coincidence rates for the different angular
positions at reactor ON and OFF conditions and their
differences {50 keV « Ep,EB « 3 MeV). An example for the
atmospheric pressure correction is given in fig. 2.

To minimize time dependent systematic effects, e.q.
changes in the coincidence rates due fo atmospheric
pressure variations, the angular pesitions were changed
after a preset time by an automatic driving system.
Tabie 1 shows the mean differences deduced from the
coincidence rates which have been measured at subseguent
effect {0°) and non-effect (180°} positions. Mean dif-
ferences are given which result without and with correc-
tion for variations in atmospheric pressure, Table 1
also contains mean differences which are determined using
mean coincidence rates measured at subsequent non-effect
positions 90°%, 180°% and 270°.

Mean differences between effect and nen-effect

Tabie 1:
Epofg 5 3 MeY

coincidence rates (50 keV g )

-

, ali rates in

events par minute}.

R.ON
Rate without p-corre.

Difference Rate with p-corr.

0°-180° 0.072+/-0.015
0" (90,180,270} 0.030+/-0,011
R.OFF

0.082+/-0.015
0.030+/-0.011

0°-180° 0.020+/-0.020 0.040+/-0.021

0"-(90,180,27C) -0.0059+/-0.014 0. 0ld+/-0.015
R.ON - R.OFF

0°-180° 0.052+/-0.025 0.042+/-0.026

0°-{90,180,270) 0.039+/-0.018 0.016+/-6. 01§

the reactor ON-OFF differences.

- 61 -~

The coincidence rate difference of (0.016 + 0.019)/min
yields an wpper limit of 0.054/min (95 ¥ confidence
Tevel} for the coincidence rate due to
of LPB.

two~photon decay

This upper 1imit can be interpreted in the framework of

standard axion theory4). An overall 15 % contribution of

nuclear

I ! transi-
tions in the reactor™’ 1s assumed superposed by a 2.4 %
M1 contribution from the (n,p)-capfure line at 2.23 MeV.
From the measured coincidence rate Ryy < 5.4 - louz/min
and assuming 250 keY axion rest mass we deduce

FATy € 3 1078 for the ratio of axion %o v-ray emission

widths.

A new experiment is being set up at the nuclear power
station Bibii{s. This experiment has & superior detection
efficiency.

Ore of us (H.B.) is grateful to the Minister fir Wissen-

schaft und Forschung, Dusseltdorf, for support.
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2.22.  The Spectrum of y Radiation Emitted in the FR3I-1
{Mertin) Reactor Core and Moderator Region

. + . + .
#, Bechteler , H. Fatsswner , . Seyfarth,

+1
R. Yogeshwar

Nuclear reactors might be sirong scurces of light, pene-
trating basonsl) which have been suggested by some theo-
riesi’z) unifying strong and electroweak interactions.

A crucial fssue in the interpretation of experiments,which
search for the decay of such particles at a nuclear
reactora),is the energy distribution of the
nuclear transitions,wnich could lead to the emission of
these particles instead of v radiation. In earlier papers
{e.g. ref. 4) the total y-ray spectrum emitied in the
reactor has been approximated by the spectrum of

prompt fission y-raySS). The v rays from 3 decay of
fission products, radiative neutron capture and inelastic
neutron scattering nad been neglected. However, they
contribute about 50 % to the total reactor v-ray spectrum
as fs shown in the present note.

In a horizontal cut fig. 1 shows the set-up of

the core region of the 10 thh research reactor FRJ-1
{(Merlin) of the KFA JUlich within the HZO tank and the
biciogical shield. The reactor core consists of 28
standard fuel elements (F}, each containing 264 g U
enriched to 80 %, and 4 absorbar/fuel elements (A}, Fach
of them contains 192 g of 235
shaped absorbers,which are alloys of 80 % silver, 15 %

indium and 5 % cadmium, During a standard 30 day reactor

235

U, and admits for the fork-

period their mean position is 70 % outcore, Three posi-
tions (P) are reserved for incore irradiations. Three
sides of the core surface are covered for the most part
by steel irradiztion bars (5t). Neutron-flux bridges
made of aluminium (A1) prevent the decrease of the neu-
tron flux towards the thermal columns which are situated
within the biological shield in ~X and +X direction, The
experimental set-up, used to search for the two-
shoton decay of Tight, penetrating bosons,is situated
outside the closed biological shield in +X direction at
a distance of ~ 5 m from the reactor core,

Fig. 1: FRJ-1 reactor core and moderator region

{explanations see text).
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The total energy release per thermal-neutron induced
fission of 236U except antineutrinc energy amounts to

192 MeV/Fission®) (kinetic energy of Fission products

and neutrons, B and v radiation of fission products).

To maintain a. thermal reactor power of 10 M, 3,25 x 1017
fissions/sec are necessary, The average number of neu-
ns emitted after thermal-neutron induced fission of
} yields the total nsutron source
strength of 8.03 x 1017[sec. Of these 3.87 »= 1017/sec are
absorbed by 235 4y {n,f) and (n,v) processes. The total
¥-ray spectirum per neutron absorbed din 235U {inciuding

v rays following B decay of the fission products} has

been measured7} and yields in total (13.6 + 0.3} v quanta/

neutron,

The distribution of the neutron flux density in the set-
up of fig. 1 has been calculated with the Monte Carlo
orogram KENOS) which follows the 1ife history of neutrons
through 53 neutron energy intervals (14.9 MeV ....10—5 eV},
and 186 geometrical regions.into which the reactor core
zong and its surrounding has been divided according to

the distribution of materials. The thermal and epithermal
neutron fiux densities,together with the neutron capture
Cross sectionsg),and the spectra of v radiation emitted
after neutron capture {low and high energy lines plus
intermediate quasi-continuum, e.g. ref, 10) yield the

local contributions of the different materials to the
v-ray spectrum, As an example fig. 2 shows the distribu-
tion of the {n,p) capture rate (i. e. the source strength
of the 2.2 MeV¥ v rays) along the Z axis (fig. I).
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Fig. 2: Distribution of 2.23 MeV v-ray source strength
from n-p capture along Z axis (aZ = 1 ca)




Table 1 gives the neutron capture rates in the different
materials,and their contributions to the total y-ray
source strength,at 10 M{ reactor power.

Besides the materials already mentioned the fission pro-
ducts 135Xe and 1495m with extremely high neutron capture
cross section yield small contributions. The sum of
6.95 = 10%/
87 % of the full emission rate {8.03 x
may be explained with neutron leakage

neutron absorptions per second only covers
17

10 /sec). This
from the regarded

volume,
Table 1: Contributions to the total neutron-absorption

and y-emission rates at 10 MW thermal reactor power
{FRJ-1)

y-ray emission

neutron absorption
{1017 photons/sec)

(10637 n/sec)

235, 9) 3,25

S oo 52,53
238, 0.05 0.25
H,0 1.42 1.4
A1 0.47 1.37
Fe 0.57 0.90
1355 0.28 1.21
Mg, 0.06 0.24
Ag 0.10 0.51
In 0.04 0.22
cd 0.09 5.32
Total 6.95 59.08

In fig. 3 the v-ray spectra from neutron absorption in
235U and from neutron absorption in the other materials
{table 1) are shown together with the total spectrum. The
first spectrum drops above the neutron binding energy of
235U {B = 6.55 MeVlO)). The second one shows prominent
peaks from B decay of 28A1 (1,78 ¥eV) and from neutron-
capture n H (2,23 MeV), °7A1 (6.10, 7.27 MeV), a

e (7.28, 7.3, 7.65 Mev).

n{Ey) =
photons/{sec ‘1 Me¥Y 10 MW},
higher than that which results from the prompt fission
v-ray -spectrun’ 5) as 3.0 x 1008 x 71- MEY photons/
(sec 1 MeV 10 MW).

560 % 1018 s o=0-955Ey

for Ev in Mev Ties

The fotal spectrum

To predict the energy spectrum of the emitted bosons,
analysis of the total transition spectrum infe its muiti-
_bo]e-components has to be performed. A rough preliminary
éstimate using experimental data on prompt fission
y—raysll) and those from $ decay of fission products
yields an overall {20 + 5} % Ml contribution in the y-ray
spectrum. This estimate Ties appreciably higher than an
earlier one {1 %) which only had been based on general
considerations on -transition probabi1itiesa)

12)
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Fig. 3:

Ty

RER-LT
5600 e

Photons Iser - 1MeY - 10MW [Merli n)“ o

|
ar

3: The total y-ray spectrum emitted in the FRJ-1
reactor core and moderator region {dark upper histogram)
is approximated by N{Ey) = 5.60 - 1038 exp(-0.956 Ev).
The Jower full-line histogram shows the contribution

from n capture in "35U {ftssion, radiative capture and
3 decay of fission products) and is approximated by
N(Ey) = 5.81 - 108 Ev).

represents the contribution from n capture in other

axp{-1.1 - The dotted histogram

The dashed bar gives the inten-
which

materials except hydrogen.
sity of the 2,23 MeV line from (n,v) capture,

amounts to 2.4 % of the total spectrum,
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IT, THEORETICAL NUCLEAR PHYSICS
3 RUCLEAR STRUCTURE
3.1 Quasiparticie RPA Calculations for 1%%Gd82 with

Effective Forces Including Meson Exchange Poten-
tials

€. Conci, V. Kiemt, J. Speth

The first application of our computer codel!}

, which al-
Tows the microscopic description of spherical superfiuid
nuclei, was meant for the nucleus l%Gd and its neigh-

bouring nuclei.

The theory we have used for this study is the guasipar-
ticie random-phase approximation (QRPA)Z), which gives
the possibility to treat coliective and non-collective
states of closed subshell nuclei within the same frame-
work.
Our choice has been suggested by the fact that, even

’ though there are some similarities between lggﬁdsz and
the doubly-magic nucleus Egnglzs, there exists however
a qualitative difference between them: while the Z=82
and N=126 energy g¢aps are large enough fo make negiigi-
ble the nuclear pairing effect, the I=¢

N Z=64 gap is signifi-

cantly smaller and consequently a relatively strong ef-

fect of proton pairing is present in the nucleus 186g4,

The ground state of a closed subshell nucleus, for which
the pairing effect plays a significant role, corresponds
to the Bardeen-Cooper-Schrieffer {BCS} ground state3).
e have calculated the BCS wave function from a Woods-
Saxon potential using & large single-particie basis and

assuming pairing correlations between protons oniy.

The BCS-equations have beaen solved using a realistic
pairing force like a density-dependent é-force. The same
force has been used as residual particle-particie inter-
action in the solution of the (RPA-equations.

As for the residual particle-hole interaction we have
considered, in addition to a density~dependent zero-
range force of Migdal type, alsc explicitly the finite-
range coniribution due to the one-pion and one-rho ex-

change pqtentia1s4).

In this way we have studied the spectroscopic proper-
ties, viz. the excitation energies and the electric and
maghetic transition probabilities of the doubly even nu-
cleus 1465d, for which in recent years there have been
extensive investigationsE}. The proton and the neutron
levels for 1%%Gd near the Fermi surface we used in the

present calculations are drawn in Fig. l.

The energy gap
3.7 MeV. Since the “1h11/2 level lies closer above the
Z=64 gap than the neutron high-j levels above the N=82
gap, one axpects that proton particle-hole excitations
will form the yrast states of 14654,

for protons is 3.4 MeY and for neutrons

The measured'l455d yrast states éremfn full accordance
with'these-expectaticns and so are the calculations
which we present in Table 1 and in Fig. 2.

The comparison batween experimentS}

and theory js done
for the excitation energies and, in three cases, viz.
37, 2% and 03 alse for the transition probabilities. In
all cases the agreement between theory and experiment is

good.

e -

£ [Mey]

-50

-16A

Fig. 1: Proton and neutron levels for 14864, The dashed
Tine indicates the Fermi surface, which for protons is
smeared out due to the pairing correlations. The full
and empty circles represent a particle-hole-like and the
two half-full circies a quasiparticle-tike excitation.
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w1 357101, | 6280) 0.2250 1-0.3204
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: 1 2
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; | | 3658,
10F | 38852) | 3763 102 -o.szzx1oiﬁj(u}h11,2)2 3735‘0.9912t.o.uaxs
' i | | s
Tabje 1: Excitation energies and_transition probabili-

Ties of the low-lying states in *9Gd. {The B{EJ)-values
are ‘given_in upits_of e fm™ and the B(MJ)-values in
(n m2 fm2ld-1) 102, 8(£0) is dimensionless.)

The schemes of Fig. 2 indicate that the calculated level

'sequence agrees with the experimental one up te 97, but
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the levels from 5 up to 9~ lie 300-400 keY higher than
the experimental ones. We argue that these energy shifis
are due to the fact that in the present calculations the

residual Coulomb interaction has not been included.

|

1500

E [keV]

00

|1

b

wm -

1330

o

Experimani

Fig. 2: Experimental and theoretical level schemes of
the nuclieus 1a%gg up to about 4 MeV. The second Tevel
scheme is calculated in the framework of the (QRPA-theory
with the inciusion of the =- and p-exchange potential.

Considering recent RPA-calcutations performed for 208py

taking into account the contribution of the Coulomb
force6), we estimate that this effect leads to an at-

tractive particie-hole and to a repulsive particie-par-

8py 45

ticle interaction, whose order of magnitude in

around 250-350 keV. Applying these conclusions to the
second Tevel scheme of Fig. 2, we see that the agreement

with the experimental one improves significantiy.
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Spectroscopic Study of Low-Energy States of the
N=82 Ilsotones léSNd, 1g%Sm, lggby and IggEr in
the Framework of the QRPA-Theory

3.2.

C. Conci, VY. Klemt, J. Speth

Within the formalism exposed in Ref. 1 and in the previ-
ous contribution to the present Amnual Report it is pos-
sible to calculate also the spectroscopic properties of
the even-even N=82 isotones around 146Gd, changing only

the preton number.

We have only to add or to take away two or fouﬁ protons
and to solve again the BCS- and the QRPA—equationsl} for

the corresponding particie number.

:AlNd :usm NGGd ‘QDY YSL‘Er
2.5
=
o
=2t
20 +
Tl
1.5 E.
1.0
. ;, /
R B
wl :::::Zi:::::::::;:::=§ |
o0 b Y

Fig. 1: Quasiparticle energies E and occupation proba-
bilities v2, obtained solving the BCS-equations using &
realistic pairing force, for the N=82 isotones with
50<Z<68.

S
“lra i

Fig. 2: Comparison between the experimental and the cal-

¢cylated excatat1en energ1es for the even-aven nuclei
142Nd 144Sm Gd Dy and 10k, 31 the measured

levels wp to about 4 %eV are represented.
In Fig. 1 it is shown how the occupation probabilities
v2 and the quasiparticle energies E change by increasing
the proton.number from Z=60. in. 142Nc to 7=68 1in 150,
for fixed neutron number N=82. Here we did not change
the single-particle energies. The huasipartic]e Tevel
142y 5 R
Nd is dgsp-87/p-h11/p-51/2-d3/2 18
reversed in 150k, 2o 51/2‘h11/2‘d3/2‘d5/2'97/2' This can

sequence, which in
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be interpreted as a support for the good closure of the
Z=64 subshell. Fig. 2 gives a complete overview of the

en,

results concerning the five N=82 isotones 1%%Nd,
146 148 150

gqﬁd, 669-‘/ and 68ET‘.
The nuclei 1%24d and 1%%sm have four and two protons
less in the 2d5,0-1gy,7 subsnell with respect to the
doubly closed nucleus 14654, The main configurations
which will contribute to the yrast levels are the proten
two-ticie configuration (w2d5/2)'2, {nlg7/2)_2 and

(nZd-.r—197/2)_2, In both nuclei they give rise to the

5/2
sequence of positive parity states: 25, 4t st For
these states the agreement with the experimental val-
ue92’3) is Tess than 300 ke¥. In the *%2d the only neg-
ative parity states which has been measured experimen-
taliy is the 37 at 2084 keY with a B{E3}-value of
6.3x10% e2fnd 2}, For this state we calculate an energy

of 2501 keV and a B(E3)-value of 2.0x10% e2fmf,

The sequence of negative parity states with spin 3 to ©

144Sm, which has been investigated 3z

in
[R1} Lnee vesti 4

few years a
is analogous to that of 14ﬁsd and is quite well repro-
dgced in our calculations. In both nuciei the proton mo-
nopole pairing vibration state 0?2) is reproduced, par-
ticularly well in Yabgn,

4), we have now also

In contrast o early calculaticns
calculated the negative parity states up to J" = 97 and
find gocd agreement with experiment for those. A few

148

years ago the two proton nucleus *gilygs was investi-

gatedS} and its Tevel scheme up to 4 MeV was estab-
Tished, S3 1“11/2» 33‘j2 and 2d3f2 proton orbit-
als lie close together e the only orbitals betwean
the Z=64 and the Z=82 energy gaps, one expects that ex-
citations involving the ”lh11/2 Tevel would form the
compiete sequence of the yrast states in IQSDy. Gur re-
sults reproduce the fact that the {"lhlle)z tWo-par-
ticle configuration contributes to all the positive par-
ity states 27, 4%, 6%, 8%, 10 and that the 107 is the

. 2
fully aligned (wihll/z) state.

Very recently two different groupss) have determined the
yrast states of the nucleus 1ggEr82 up to 3 MeV, The
positive parity spectrum of 150¢ . up to J" = 10% s de-
scribed in our caiculations as the sequence of the
(wlhlllz}4 senfority two configurations. The 107 to &%
and 8 to &% spacings agree weil with experiment, which
is in accordance with the experience that the fully and

2 multiplet are well

nearly fully aligned members of a j
reproduced by a 8-fTorce, which we use for the particle-
particie interaction. On the other hand, we calculate
the 10" to 2% 'and 107 to 07 spacings about 300-400 keV
larger than experiment, which correspends to an over-
estimaed coliectivity for these levels. In 1480y the 3

1ies'higher than in_lQGGd, because the Fermi surface is

shifted upwards by adding twe protons. This tendency
continues in the four valence-proton nucleus 1SOEr,
where_the octupole vibraticn has still a dominant

Ay
(qlhll/272d5/2)_comppnant,
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From Fig. 2 we can cobserve that apart from 146&6, where
the agresment between the experimental and the thecret-
ical values is very good {see previous contribution to
this Annual Report), one immediately observes that the
calculated energy levels for all other nuclei lie sys-
tematically between 100 and 600 keV too high. We ascribe
this effect to the simplicity of our choice for the par-
ticle-particle interaction, which is a density-depen-
dent & -force. This choice doesn't impair the results
for 1%Gd, bacause here most of the states are dominant-
iy of particle-hole struciure. However, in the neigh-
bouring nuclei, because of the added valence particles
{or holes), the energy levels are mere strongly domi-
nated by particle-particle (or hole-hole) configuraticons
and therefore their description demands a more realistic
particie-particle interaction. The introduction of fi-
nite-range terms &lso in the particle-particle force
will be one of the first tasks we intend to face in the

future.
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On the Nature of the 17 State at 3.48 MeV in
88,

3.3,

C. Conci, J. Speth

In toe nucleus §§Sr50 the partially occupied shell be-
tween Z=38 and 7=50 is made up by thres negative parity
states, 1f5/2, 2p3sp and Zpysp and by the positive pari-
ty state lggso. Because of the characteristic of semi-
magicity of'USSr, which has a closed subshell for pro-
tons at Z=28 and a closed shell for neutrons at N=50, in
order Za study the speciroscopic properties of this nu-
cleus we have made use of the guasiparticie random-phase

approximationl).

Starting from a Woods-Saxon single-particle basis we
solve the BCS-equations only for protons [see Fig. 1}.
We shew in Table 1 the BCS-selutiens, i.e. the gnergy
éaps & and the occupation probabilities v2, for the full
configuration space we use in our calculations. The en-
ergy gaps are different for each level because our pair-

:ing force is a density-dependent §-force which has, un-

1ike the schematic pairing force, matrix elements that
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Fig. 1: To the left are represented the proton single-
particle energies obtained from a Woods-Saxon potential;
in the middle the corresponding quasiparticle energies
obtained after the solution of the BCS-equations and to
the right the experimental energies from Ref. 4.

2
orbit a “(so)a {Mev) (qp)a {¥eV) 4y {MeV) g
151 -35,90 -35.93 1.44 0.9593
lpgsz -29.93 -29.98 1.55 0.9985
19172 -28.3% -28.41 1.52 0.9385
15 23,05 -73.1% 1.66 0.9966
das2 -15.60 -19.72 1.62 0,994
12 -15.01 -19.14 1.63 0.9937
1772 -15.45 -15.68 1.74 0.9833
o -10.25 -11.07 1.70 0.8121
372 -5.66 -10.54 1.57 0.7188
B -8.22 -7.16 1.5% 0.3039
tgg/2 -7.25 ~6.49 1.76 0.1600
2dg 5 -1.83 181 1.3 0.06082
38172 0.57 0.64 1.3 0.0034
isyz2 1.03 1.24 171 0.0072
/2 1.42 1.68 .71 0.0067
2dy/7 1.69 1.7 1.3t 0,008
Hyyz 6.38 .41 0.97 0.CO10
P32 7.25 7.26 .64 0.0008
Bz 8.16 8.17 0.54 0.0003
259 9.88 .89 2.71 0.00p4
sy,0 io.41 10.42 0.30 0.0001
Uiz 10,45 10.52 1.55 0.0016

Table 1: 8CS-sclution for proton states in 88gy; quasi=

particie energies €{gp)s @NETYY gaps & and peccupation
probabilities vZ.
are not constantl). The quasiparticle energies are cal-

culated as £, = /(sa—AjE+A§§ where a is the chemical pe-

tab-
qpla
= 2E_+A,

tential. From these we obfain the guantities a(
ulated in Table 1 in the following way: (g0 )a

n if tha rcorragnondinag
o7 LN Lorraesponaing

Using the same parametrization that we have used for
146gq {see previous contribution to this Annual Repert)
for the particle-hole and for the particie-particle
force, which we need to solve the (RPA-eguations, we can
describe quite well the iow-?ying energy levels of the

nuc}eus_SSSr.“Because of the big interest -awaked “recent - -
iy for the nuclear magnetic transitions @nd the corre-

sponding observed quenchiﬁgz), we have addressed our

special interest ta the results conceraing the 3486 keV

i* state.. From our calcuiations it turns out that the ¥
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is almost completely (~90 %) the proton spin-flip con-
figuration (n2p1/2—2p§12) with a small admixture (~9 %)
of the (n1f5/2-2p3/2)_ two-hole configuration. In addi-
tion we cbtain an excitation energy of 3361 keV and a
B(M1;0%»1™) = 0.32 yﬁ. This value is smaller than half
the experimental value, which is equal to G.92¢0.15%

u§ 3}. He interpret the reduction of the iheoreticel
B{M1)-value with respect to the experimental one as
mainly due to the effect of the pairing coefficients

¥ = (uavb—vaub), which enter the matrix elements cf the

magnetic mulitipole operator:

- - *
{IaMaI0) = - a%b {(Z:D+Zab)
S (1)

H-) (zab'zab) }(Md)ab(uavb'va“b)
The value of this coefficient for the main configuration
(n2p1/2—2p§}2) can be easily calculated from the occupa-
tion probabilities given in Table 1, cbtaining a value
of 0.41,
this configuration is reduced by a factor of (.41 and
of the B(M1}-value,

It means that the transition matrix element of

that the corresponding reduction

given from:

B(MJ;J+0) = ?éxiv(JMMJuO>2 (2}

is of the order of 0.412 = 0.17.

We check this assumption calculating the B{M1}-value by
taking into account only the particie-hole configuration
(r291/2-2p5}2) for two different values of y: 0.41

{with The ob-
.
A

} and 1 {without pairing correlations).
ained B(Ml)-values were respectively equal to 0.61 u%
and 3.56 ug, giving a reduction factor of exactily 0.17.

This is only a rough estimate of the reduction effect
due to the pairing coefficients, but the situation is
much more complicated when we use the full configuration

space.

Recently, L.T. van der Bijl et a].z), discussing the
electron scattering form factor of the 1t i 883?, have
reported that calculations performed in the two broken
pair scheme give a B(M1)-valtue equal to 1,91 pﬁ, which
is twice the experimental value. They argue that non-nu-
cleonic degrees of freedom like a-hole polarization are
needed to explain the reduction of the Ml-strength at
low g. Unfertunately, we did not have the possibility to
compare in detail our calculations with those quoted in
Raf. 2.

Our next task will be the calculation of the electron
scattering ¢ross section with our QRPA-wave functions,
to verify'ﬁhether our reduction factor is enough to ex-
plain the experimental guenching or whether it is neces-
sary to introduce subaucleonic degrees of freedom.
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A Model to Inciude 2p2h as well as 1alh States
for the Magnetic Response of Heavy Nuclei

3.4,

D. Cha, B. Schwesinger®, J. Speth and J. Wam-

bach**

It is now established experimEﬁta1ly1) that at iow mo-
mentum transfer spin flip transition strength is strong-
1y suppressed.'Theoreticaily twe mechanisms have been
proposed for this gquenching: one is the A-hole effect
and the other a conventional nucleonic 2p2h effect.
Since both may be of the same order of magnitude, it 1is
desirable to include them simultanecusly in a model of
magnetic strength functions. We extend the 2p2h for-
malism for the nuclear electric response by Schwesinger
and wambachz) to allow for the fact that magnetic iso-
vector excitations can also couple to A-hole excita-

tions.

Foliowing the notation of Schwesinger and Wambachz}, we
write the respense SQ(m) of a2 nucleus to a weak external
field

0w} = 5 (Q%e!tuge ) (1)

as

Sg{e) = = 2 Ini 10" (w-ttse +in) THD - (wrin) KO DI
{2)

H $s the hamiltonian governing the dynamics of the sys-

tem and E, the energy of the exact ground state {?. Now

we introduce the lplh vectors Qy and G, the component of

which is given by

Qy o = {lplh,alel0d
- § pin,eiqlepzn,By<epen,sincty, 10> (3)
B ¥
- T <1pih,alo l1alp2h x> Clazpzh,y 1M, - )TV, O)
Y
Q, , = C1ath,yigio) (4)
Here H has been split into a one-body part t plus a two-
body potential V acting among nucleons and iscbars

= + \
B by Wttt Vi Y an {5}

and {0Y is the Hartree-Fock ground state. hy denotes the
HF mean field to tytVyy-E, and MA, My are the masses of
an isobar and a nucleon raspectively. Note that we have
inciuded some effects of ground state correlations in
the definition of Qy. The diagramatic representation of
eg. {3) is given by the first three graphs of Fig. lc.
The approximaticn implied by neglecting higher ordar

terms. in.egs. {3} and (4) leads to a projectsd response .

function'SQ(@) onto -the lpin- and lath-subspace.

( M-CNN+1T!
)

£

1 +
Im{ (Qy.Q )(
he “Can wby Fint t Gy

Na Gy

)i o

Splw) =

ne

kil

_diagonal elements of t,-E, are of the order of 300 MeV,
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(a) |

\ \ /
f L %

1L} é

[ e ¢

|

(c)
Fig, 1: Diagrams itersted in the effective lplh opera-

tor (m-CAA+in} and the effective nucleonic transition
operator Q. Group (a} summarizes the conventional nu-
cleonic interactions, {b) polarization effects in the
affective hamiltonian from isobars and {c] renormaliza-
tion of the nuclieonic transition matrix elements.

The submatrices CAB{w) stand for the one baryon-one hole
matrix elements of the operators EAB(M) defined by

£
_ syl _
CNN = tN+VNN+VNNP{w-tN-VNN+EO+1n) PVNN EO (7)
TN ‘ £ oin)-lpy
Cra = Vo VP (ot Vi #E o= Tn) PV, (8}
g =t v P V. +E +in)TRRV, -E
Cup = TtV VP ety VB g Hin) ToRYy € (9)
where P is a projector on to apnh-states with n>l:
P=3 pln) - ) jnpnh,g)(npnh,g] . {10)
n>l n>l 8
Since the laih diagonal elements of tA"Ec are mainiy

given by the iscbar-nucleon mass difference (300 MeV),
we can neglect ferms of higher order in the isobar nu-

clecn propagator (m-CAA+1n) inverting the matrix in eq.

{6). This gives

. e 2 Y 2 + RS PO
SQ{m) = -:% Im{qg(m—CNNﬂ.n) IQN-{’QA(M_C;’:‘AHH)._ _QA}
L . . - _(11)
with the effective operators
?N-=-QNnga(echA+iﬁ)‘lQA _(3?)
. N i H . . _l el '.
Ty = Coptopa ol vin) ™ "Chy o (13)

We continue with folleowing approximatiens.As the lalh

we may neglect all other terms in ?aa of ag. (9)-which
are of the .order-of one MeV. For the same reason, the
frequency-dependente_of.fhe 1ath 6perator in egs. (11)-
(13)_mqg:be ignoreq for_]ow_energy'excipatians,'Fgrthepil




more, we believe that it is a fairly good approximation
to egs. (7}-(9) to put

Plu-ty-¥ +E0+in)'1P > P(z)(m-hﬂ+75)_l?{2} (14)

NN
where the finite § replaces the residual interaction
among 2p2h-states and their coupling to even higher con-
figurations.

Te summarize, we propose to calculate the magnetic re-

sponse function SQ(w) for w300 MeV by a matrix inver-
sion of an effective hamiltonian ENN in the nucleonic

subspace &s

1 . -
Sqle) = - 3 [T ety rin) TG (15)
where @ and T are given by
_ 1
tjN - QN - ;A-E:N CNAQA (16)
™ - b~ » T
“ie = S T T Cretan (175

In the zero frequency limit for the 1alh propagator, b=l
if backward going graphs are included. Truncating at

2p2h, ENN and EAA
nole matrix elements of the operators

are approximated by the one bharyon-one

Co =t Wt P2 o sig)tp By

T It N £, (18)

N

P2 (w-nyria) e Bhy

" (19)

Cna = Yaa™un

The diagrams iterated by this model are shown for illus-

tration in Fig. 1.
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3.5, 1sobar-Hole and 2p2h Effects on the M1-Strength
in 90Zr and 208Pb

B. Cha, B, Schwesinger+, J. Speth and J, YWam-

bach™*

Since both QOZr gad 20835 are non spin-saturated, we ex-
pect z large amount of Ml-strength. In 907r the indepen-
dent particle model (IPM) predicts a neutros g9/2+g7/2
transition with a strength of 15.4 p% and in 2085 two
transitions: proton h11/2+h942 and neutron 113/2+111/2
with B(M1)+ values of 25.6 py and 22.1 p1 respectively.
Experimentally, there has been some strength reported in
20855 1) and about 40 % of IPH strength in 907, has been
identified recently by high enerqy proton scatteringz).
As can be seen from Table 1, most of the transition
strength is purely spinflip. Convection current contri-
butions are absent in 907r and very small in 208py
Therefore, we expect that effects of isobar-hole mixing
are large, giving rise te a streng reduction of the

transition strength.

We have performed RPA calculations by the matrix inver-
on technigue which includes” both the 2p2h and a-hole
fa

1

& 3). In contr

corraiations are 1arge1y blocked, those have to be in-

m

i
ffects to the GT transitien where RPA

[V RS Lrar

cluded in the other isospin branches. The inclusion of
other correlations is summarized in Table 2. E. denotes
the centroid energy of the main peak and the percentages
are ohtained with respect to the IPM, In 90z¢ the re-
sults can be compared directly with experimentQ). The
amount of theoretical integrated strength in the vicin-
$ty of the peak varies between 38 % and 22 % depending
on the additional zero-range coupling 6g$*. Qur theoret-
ical resuit has to be compared with the experimental one
of 40+5 %. 0 but
in view of the theoretical as well as experimental un-
certainties it does not preclude the larger lalh mixing.
In 298p experiment is much less decisive. Definitely
8.5 y%, j.e. 17.4 % of the IPM strength have been lo-
cated fragmented batween 7 and 8 MeV 4). Another tenta-
tive 8.5 “N are located between 8 and 9.5 MeV increasing
the percentage to 35 %. Our calculation yields centroid
energies between 7.5 and 7.2 MeV depending on the lalh
coupling strength with integrated trassition strengths
of 42 % and 26 % in the vicinity of the peak respective-
ly. Like the &7 strength, also the Ml strength functions

*
It favours somewhat the choice 695 =

configuration spin yﬁ cenvection u% B(M1)+ pg
80 :
ir 099/2+Vg7/2 15.4 0 . 15,2
others 0.7 0.02 . 0.5
15.7
s08 “?11/2§“?9/2 40,0 1.6 : 25.6
...... PR Y™ s o el
cthers : R 0.05 : 1.1
' 38.8
Table 1: Independent particle mode] MI tramgition strength in 907 and 2%8pp,
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902r 208Pb
E < 12 MaY E < 11 HeV
E. MeV B(MI)t Mev fraction E_ Mev B(ML}+ u§  fraction
5.57 25.8 52.5 %
1PM 6.02 15.7 100 %
5.85 22.1 45.3 %
iplh {RPA) 6.73 12.9 83.7 % 6.7 42.1 86.3 %
“lplh+2p2h 8.0 16,17 66.0 ¥ 7.6 37.7% 7.4 %
- (TDA)
1pih+2p2h 3.1 7.99 51.8 % 7.6 27.91 57.2 %
{RPA)
1pih+2p2h 7.9 5.34 37.9 % 7.5 20.39 41.8 %
+1a1h (RPA)
Sgf* =
0
lplh+2p2h 7.7 3.44 22.3 4 7.2 12.43 25.5 %
+1a1h (RPA)
dg'* = (0.5
&
Exp. 8.5+0.2 a0+s 7 ~ 7.5 ~ 174 %
Table 2: ¥l strength in %07r betow 12 MeV excitation energy and in 208py helgw 11 MeV excitation energy.
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5 - 208 F)b 3.6. Isobar-Hole and 2p2h Effects on the MZ-Streagth
5 in 9920 and 208pp
jdp]
20+ M1 —
. D. Cha, B. Schwesinger™, J. Speth and J. Wam-
] | bacht*
Experimental evidence for MZ rescnances in 807r and
10 7 208py, comes from (e,e') experiments®). In contrast to
the M1 case, where contributions from the orbital oper-
i | ator are negligible, the orbital part of the M2 operator
o . Y T e gives 1/5 of the fotal M2 strengthzj. Theoretically this
o ' 10 20 orbital operator is of special interest because it ex-
Ener R4 [MeV] cites a twisting oscillation of the nuclear density
Fig. 1: Ml strength distribution in 907, and Zang. The called the “twist mode“SL

full line denotes 1pih+2p2h TDA results, while dashed
and dotted lines include RPA and 1Alh correlations for
696* 0 and 0.5 respectively.

exhibit long tails extending up tc more than 50 MeV ex-
t0 &n
902r

we have integrated the theoretical distribution dp to 45
MeV and find 64 % more than the IPM vaiue of 110.6 uf
MeV neglecting RPA correlaticns while including them

gives 42 % enhancement. In these numbers isobar-hcie ad-

citation energy {see Fig. 1). This naturally leads
increase of the total energy weighted sum rule, In

ars included. Including those yields

EWSR. Relative to the 2p2h (RPA) value
0

mixturas ne;
quenching of the
of 157.5 uff MeV,

*
and 6 % reduction for 695 = (.5 respectively.

we get 19 % reduction while égé*

We have performed RPA calculations by the matrix inver-
sion techniqueq). The new feature of cur calculation as
compared to previous oness) is the combination of 2pzZh
and lalh effects. As expected the addition of lalh
states to the 1plh+2p2h calcuiation in 2U8py reduces on-
1y the spin strength. Therefore the relative importance
of the twist peak at 7.9 MeV is enhanced with increased
coupling to 1alh states. This is displayed in Fig. 1
where the bottom graph gives the response of 30zr ang

;ZDSPD to the spin part of the M2 cperator, the middle
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section to the arbital part and the upper to the total
Me¢ operator.

Table 1 gives the amount of M2 strength present in
zast below 15.6 MeV as compared to the total sum rule.
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Fig, 1: Distribution of M2 strength in 907r and 298pb. The upper part gives electromagnetic, the middle part twist
and the lower part spin strength distributions. The full line cenotes lplh+2p2h TDA rasults, while the dashed and
dotted Tines inciude RPA and 1Alh correlations for 696* = { and §.b respsctively.

elm p%fmz twist pgfmz spin u%fmz

1pin+2pzh (TDA) 2.9x10% 0.7x16% 1.9x10%
Iplh+2p2h
¥141h {RPA) 2.4 x 104 0.7x10% 1.4x10%
8gt* = 0

a
1plh+2n2h
+1A1n (RPA) 2.1x10% ¢.7x10% 1.1x10%
8g'* = 0.5

a3
total strength 3.9x104 D.Bxl(}4 3.1x104

Table 1: M2 strength in 2080y within the energy interval from 0 to 1%.6 MeV,

Threa cases, electromagnetic, twist and spin operators separated, the low-lying one betwsen 7.5 and 8.5 MeV
are considered. As may be seen the coupling to 2pZh being due to the twist. These statements are in
states has already pushed larger amounts of spin quantitative agreement to earlier findingsS).

strength up to higher excitation energies, whereas al-
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3.7 Isobar-Hole and 2p2h Effects on the Spin-Dipole

Strength in %07¢ and 208py,

D. Cha, B. Schwesinger*, J. Speth and J. Wam-
bach*™

In connection with the first forbidden B, decay, the

distribution of isovector “spin-dipole” transition

strangth
G« r[oY1]0 1.2 {1}
+,0,-
is of importance. The v_-branch has been investigaled
experimentally via medium energy (p,n) reactio nsl). The

T —branch has not been identified s¢ far, but there are
:nd;cat1ons from 319 MeV {p,p'} data in 07 for sub-
stantial spin-fiip strength at higher energyz). The

T ~branch s accessible via {n,p) reactions but little

is known up to now.

Here we have investigated the spin-dipele strength dis-
tribution in the parent nucleus {To—part) using the ma-
trix inversion technique of Ref. 3 which includes both
2p2h and Ialh effects. 1 summarizes the results in
%07 (veft part) and 208py (right part}. With increasing
J the centroid moves to lower energy partly because the

Fig.

decrease in the average lIplh energy but also the average
interaction watrix elements are reduced because of the
The ef-
fect of 1alh m1x1ng is depicted by the dashed (Sgé* =
and dotted (690 While the 17
and 27 strength distribution is quenched for a1l cases,
we find Tittle effect on the 07 for s = 0. In %zr

the strength is even slightly enhanced. This can be

momentum dependence of the spin-iscspin force.
8}
= 0.5) lines in Fig. 1.

understood by remembering that spin-isospin rasponse can
be separated into a Tengitudial and transverse part ex-
cited by the operators
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Fig. 1: Isovector spin-dipole strength distributions in %0zr {1eft part) and 298pp {right part). The full line

denotes lplh+2p2h TDA results, while the dashed-and dotied lines include RPA and lath correlations for Sg

0.5 respectively.
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A . .

= T s(i)eg e (2)
=1

. A .

& = T ofi)sd &9 () (3)
i=1

respectively. Due to the tensor piece in the w and p ex-
change potentials both modes propagate quite different-
ly. The longitudical piece is driven by

&8

_ ycentral tensor
Tre - Vn+ + 2y

T

(4)

which is strongly momentum dependent while the trans-
verse part propagates according to

central

tr
v T+p

_ ytensor
Ttp

=V T

for which the momentum dependence is much weaker. For 07
which is not excited electromagnetically, the motion is
purely longitudinal or “pion like" and a strong momentum
dependence of the response function is expected. Fig. 2
shows the energy distribution 6f the 07 longitudinal re-
sponse functions for various gq. With increasing q trans-
fer, Vﬁ+ :
to iower:energies. The lalh mixing indicaed by the
dashed 1ines“€n Fig. 2-é1so_éxhibit§ a q dependence be-

0 becomes strongiy attractive shifting strength

coming more important at higher q.
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3.8, Isobar-Hole and 2p2h‘Effects on the Gamow-

0. Cha, 8. Schwesinger®, J. Speth and J. Mam-

bach**

Only recently, {p,n) experiments at intermediate ener-
gies have mapped out the spin-isospin resonse of nuclei.
Particulariy, the forward angle spectra are dominated by
4T transitions as concluded from the AL=0 shape of fhe
angular distribution characteristic for pure spin
observed transition

A measure of the total strength i
1

provided by the model independent Ilkeda sum rule SB_'SB+
largely Pauli biocked and smali. Experimentally oniy &
fraction of the sum rule (on the average 65 %} is ob-
served up to excitation energy of 40 MeV 2).

We have studied the GT strength distribution in 907r and
208p;, employing the matrix inversion technique of Ref. 3
which includes both the 2p2h-and a-hole effects. For the
two-body interaction, we take & combined one-pion and
one-rho exchange potential Vﬂ+p where the short raage
part has been cut out by a two-body correlation fuac-
tien. For numerical reasons, we approximated the cou=-
pling dinteraction to 2p2Zh states by & zero-range equiv-
alent force taking both the direct and exchange terms.
But an. antisymmetrized zero-range nucleon-isobar transi-
tion interaction vanishes identicaily. This Teature is
not present in the finite range potential. We investi-
gate the-importance of these coupiings by taking direct.
part of the additional zero-range force for the transi--
tion.interaction. Gur results will distinguish the.two
cases 696* = 0 and 0.5,

9GZr'is_garticu]ar1y simple with ‘only two ‘peaks of the
transition from the 1g9/2—neutron holes to igg p- and -
197/2-proton particles. The energy .separation is deter-:
mined by the. spin-orbit sotential (upper left part of
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Fig. 1: Left part: Non interacting GT response {dashed lines) in 9C7r and 208pp &5 comaprad to inciusion of Vo, on
the 1plh level (full lines). The arrows indicate the experimenta! resonance energies. Right part: GI response func~

tions in O7r anq 208

Pb including 2p2h-~ (full line} and in addition lalh-mixing (dashed line: sgi* =

U, dotted

Tine: 6g5* = (0.5). The arrows indicate the experimental rescnance energies,

QOZF

807, 208py, 80

208py r
2pzh (TDA) 63 % 88 % T % 84 % 4,5
2pzh+1Ath {696* = 0} 53 % 54 % 63 % 66 % 4.2
2p2h+181h {ﬁgé* = .5} 38 3% 39 % 47 % 49 % 3.4
energy window 0-25 HeV 0-40 MeV

Table 1: Amount of non energy waighted sum rule strength 3(N-Z}. The last column gives the ratios of integrated

strength of the two peaks 1in “Yir.

Fig. 1). Becausa of the larger neutron excess, more sin-
gle particle transitions are possible in 208y with the
largest -carrying cnly about 20 % of the total sirength.
As the ‘interaction V1r+p is turned ‘on, strength is pushed
up to higher ‘energies producing
G0 208y eq "

. v UL

2L

botin 7¥ir and
by the arrows in Fig., 1) the theoretical energies are
too low. In order {0 reproduce the empirical centroid
energies, sizable repulsive contributions have to come’
from second order {see fight side of Fig. 1). Almost the
entire contribution in second order comes from the ph
Tinked diagram with a ph pair exchanged {bubble), the
perturbative equivalent to the "induced interactiond),

The strong second order term provides an-explanation for.

the ad hoc'parameteriﬁgé*'USedEin Ref. 6 to describe M1

transitions in 48ca in a-lplh space only. The inc1usion_'
of 2p2h-effects reproduces the empirical energies very. .
well, ‘Also the icross features of the measured (p,n) :
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cross sectiens are reproduced. In 907 the integrated
strength ratio of the two peaks is 4.4 experimental]y. A
pire lpih calculation gives 4.2, whereas the iaclusion
of 2pZh increases the theoretical resuit éligntly e 4.5
without 1aln admixtures (Table 1). Including isobars we
get 4.2 and 3.4 for sg! = 0

the GT strength functions in

and 0.5 respectively, Both ~
7r ang 12 2% (rignt
part of Fig. 1) exhibit long tails due te the ZpZh.-mix-
ing. Isobar-hole excitations, indicated by -the ‘dashed.
{695*'= G} and the dotted (695*-= 0.3) lines, quench the
nucleonic transition strength (full 1ine} almost uni-
formly over the whole energy range. The amount of GT sum
rule strength which resides between 0-25 MeV and U-4U

MeY is Tisted in Table 1. Experimentally the sum rule

~fraction between 0 and 40 MeV has been determined by Ra-

paportz) OQur caleu-
lation indicates that 2p2h alone are not abie (o account

for this value and lalh-mixing is needed. However, it

. On the average, he obtains 60+10 %

* * .
seems difficuit to pin down égé . The two extremes'agé




= 0 and 0.5 give values comparable to the experimental

uncertainties.
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3.9, Meson Exchange Current Effects in Heavy Nuclei

J.S. Dehesa®, S. Krewale, A. Lallena™ and T.W,

Donnelly

In Tight nuclel, very clear evidence for meson exchange
current [MEC) effects is available. In heavy nuclei

(i.e. A 4), however, our knowledge of nuciear structure
suffers from uncertainties which are in general too
large to aliow unambiguous conciusion concerning MEC ef-
fects to be drawn. Nevertnelaess, one may argue in a
galitative way that at large momentum transfers, the

n in heavy nuclai,

as two-body operators, the meson-~exchange currents are
zble to accept Targer momentun transfers than the elec-
tromagnetic one-body operators. The present lower limit
of experimentally detectable cross sections in complex
nuciei of 10‘37—10"38 cmz/sr does permit an explioration

of this interesting high momentum transfer region.

heavy nuclel is contained in the
field. At the momentum transfers of interest for meson-
exchange effects, the cross sections are very sensitive
te small deviations in the mean field. So far, however,
the mean field had to be approximated by a harmonic 0%~
cillator potential. In Ref. I, a new method is suggested

which permits to deal with selfconsistent mean fields.

tee'l “ph; S, E<7.06 MeV

i

|F: ta3]

Gy L]

Fig. 1: Electroexcitation cross section for the 127
state at 7.08 MeV in Pb; pure one-body operator
{dashed line)} and pure one-body cperator plus meson-gx-
change currents {solid line}.

As an application, we present the effect of meson-ex-
change currents on the electroaxcitation of the 127

in 2080n 230, 1YV, The MEr
in Py {Fig, 1}. The ME

T oNL MAl
i w

P v
g 4l /.Ul oY are

found

to produca a smooth enhancement of the one-body cross
section of the order of 10 % in the vicinity of the
first maximum, AL momentum transfers at 3.1 fm-1 {second
maximum), the cross section due to one-body currents is
expected to be enhanced by a factor of 1.8 due to MEC.

Reference
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3.10, Deseription of Odd-Even huclei in the A=130
Region
E. Hammarent, K.W. Schmid™ and F. Grimmer

After it has been shown that the MONSTER is a nuclear
structure model which provides wave functions that are &
good approximation to the exact shell model resultsl},
we planned to use the full power of the MONSTER com-
puter-coge for the description of many nuclei in one
mass region. We chose the A=130 region out of the foi-

tal data have heen obtained here recently. Secondly this
mass region contains nuciei, which are known to be well
deformad rotors but aisc soft nuclei reguiring & strong
v-deformation in a phencmenological description. Thus
the ability of the MONSTER to describe a1l those nuclei
can be tested. Fina?]y the singie particle basis which
has tc be used in these nuclei is not as large as for
exampie in the rare earth region. Consequently the com-
puter times to be used in the A=130 region wiil be not

too large for a sysiematic study.

The single particle basis we use consists out of the
097/2, 1d5/2, ld3/2, 231/23 Ghli/?* th/z and the 1f7/2
states for both protons and neutrons. This means we as-
sume an inert core consisting of 50 protons and 50 neu-
trons. For this single particle basis we have to define
effective single particlie energies ang effective two
body matrix elements. For the latter we use an effective
G-matrix which will be explained in more detail in the
next report dealing with the even-even nuclel. The know-
tedge of the correct effective single particle enmergies
is known to be very essential for the description of ef-
fects like the backbending in rotational bands which oc-
curs in many of the nuclei under consideraticn. Since we
cannot afford to fit the s.p. energies to the experimen-
tal data known in the mass region we have to try to fix
them in such a way that some sensitive data are satis-
factorily reproduced. This can for exampie be the low-

lying states of the odd-even nuclei.

In the framework of the MONSTER odd-even nuclei are de-
scribad by diagonalizing the effective hamiltonian in
the space of spin- and number-projected one quasipar-
ticie states with respect to the HFB-field of a neigh-
bouring even-even nucleus.

- _al % ~ P
fusIMN 2> = By Gy Qg ay1HFe)

This mode? definitely exciudes the proper descripticn of
backbending and other band crossings in odd nuciei, but
it should be sufficient for the description of band
heads and low-lying states.

A good overall agreement of all spectra of the odd nu-
cisf in the A=130 rsgion is obtained with the singie-
particle energies listed in Table 1. Fig. 1 shows some
pands for 12%a comparing the MONSTER resuits to the ex-
perimental dataz). One realizes that the band heads and
their relative positions are rather well reproduced.

ievel negtrons protons
512 0.0 0.0
1d3/2 0. 209 -0.03¢9
dg 1z -0.283 -0,3%94
Og?/z -G, 221 -0.381
1f7/2 0.32¢ 0.580
Oh9/2 0.516 0,464
Ghlle 0.012 -0,209
Table 1
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Figure 1
Keeping in mind that the description of the odd ncied
does not include 3 q.p. states alsc the moments of in-
ertia and the general structure of the different bands
are in reasonable agreement with the experimental data.
That the agreement of the energies is not an ertifact of
the mocel but refiects the correct structure of the
states, can bz seen in Fig. Z, where the spectroscopic
amplitudes for the one particle transfer reaction
1303a(d,t)1298a are shown as a function of the excita-

tion energy of lnga 3).

LA e

EXPT
o _

(2J+1)Sr

=)

X 30
EACITATION ENERGY (MeV)

Figure 2

Gne can reproduce the strength distribution for 211 low-
lying states rather well (note that the 7/2-level re-
quires an 1=4 transfer, which is strongly suppressed in
the (d,t)~reaction and can hence not be disentangled
from the strong I=U-transfer to the H@—ground state).
Unfortunately above 300 keV experimental spin assign-
mants have not been possible up to now and above about
1.8 MeV no date at all are avaiiable.
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Summarizing cne can say that low-iying states in odd nu-
ciei may be rather well described with the MONSTER for-
malism and that the study of the spectra of the odd nu-
cleil turns out to be very useful in order to fix the ef-

fective single particie energiles.
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3.11, Description of Even-Even Nuciel in the A=130
Region
K.W. Schmid®, £. sammaren® and F. Grimmer

During the last decade a large amount of experimental
data has been obtained concerning the high spin states
various mass regions, Not only the
estabiished up to very high angu-
various excited bands have been

of deformed nuclei in
yrast bands have been
lar momenta, but also
measured. In addition

ments and transitions

recantly also data about the mo-
within these bands have been ob-

tained,

Theoretically the data may be partially understood in
terms of phenomenciogical models like the cranking mod-
g}, the interactihg boson model or particle roter cou-
pling models. The major probiem of these models is the
fact that they are &1l limited to a certain class of
phenomena and that they do not have a sound microscepic
justification. A model, which goss beyond those limita-
tions is the MONSTER-modei. It is a fuliy microscopic
model, which may be used in any mass region provided an
appropriate effective hamiitonian is known. The effec-
tive hamiltonian is diagonalized in the space of the
spin- and number-projectad HFB-mean-field

At A A
JAY 1= 103IMNZG> = P Qy_ O, [HFB)
and the projected two gquasiparticle excitations with re-
spect to this field.

H
i

- L . _ A A N 4 FS
18) = lwvsMNGZ > = PG Gy Qg a) alliFB)

This leads to the matrix equatien

IM;NOZD

MR G =0

. . A .
§o{CalRiBy - £
B (e}
which yields the energies Ei?zﬁ and the wave functions
characterized by the féMQNOZU.
The single particie basis we used Tor the study of the
A=130 region is described in the previous report about
the cdd-aven nuclei, where alsoc the procedure te obtain

the single particle energies is discussed. The effective

interaction we empioyed in our calculations is a Brueck-
ner G-matrix {8=V+8) which has been derived for nuciear
matier starting with the Bonn potential3) as the bare
nucleon-nucieon interaction V¥, and using a parametriza-
tion 1in terms of Yukawa-functions of the Brusckner
short-range term § 4}, Since this force has been calcu-
Tated for nuclear magitsr it has definitely to be renor-
malized in order to be used in finite nuclei and a fi-
nite single particle basis space. It was seen immadiate-
1y in HFB-calculations performed with the original G-ma-
trix that it does not provide gnoygh pairing correla-
tions. Thus we added an attractive short range force of
Gaussian shaps with 2 range of y = 0.5 fm, which con-
tributes only to the proton-proton and neutron-nsutron
matrix elements. This part of the force influences
strongly the alignment behaviour and thus the band
crossing phenomena. It turned cut that a good choice for
the strengths of the two Gaussians is Vp = 80 MaV and
Vop = 50 MeV,

p
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Fig. 1 and Fig, 2.show the results obtained with this
force for'the_nu;lei_lzaBa and 13Ce. 1n soth figures
the energies of the lowest states for each spin are
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plotted as a function of I{I+1}. The experimental data
are represented by open circles and dashed 1inesz),
while the full dots are the theoretical results. In case
of 1288a ona obtains a very good agreement with the ex-
perimental data. Tne moment of inertia for the Tow spin
states is reproduced very well and the backbending is
theoretically explained by the crossing of a band with
two aligned hlljz—neutrons. The second nearly degensrate
band above I=12 cannot be quantitatively reproduced by
the theory, the only candidate for this band being an-
cthar hllfz—neutron quasiparticie band, since the proton
pands tur% out to be too high in energy. In case of
130, {Fig. 2} the backbending is clearly caused by the
crossing of a hlljz-protun quasiparticle band, which oc-
curs a little too early in the theory. The moment of in-
ertia of the low spin states is again very well de-
scribed. Some finetuning of the force parameters and the
caleuiation of the other even-even nuclei in this region
is still in progress. We hope that the results will help
us in understanding the various experimental date avail-
abie for excitation energies, g-factors and BE2-transi-

tions.
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3.12.  The Spin Dependence of the HFB-Mean Field

F. Grimmer and K.W. Schmid®

In the last years the MONSTER, & powerful code Tor the
microscopic description of nuclear structure in large
medel spaces has been deve}opedl). The idea of the un-
derlying model is the use of a HFB mean field as a ref-
erence state with respect to which the additional corre-
tations in the nuclear states may be described by two
quasiparticie admixtures. In order to avoid spuriocus ef~
fects it is important to project the HFB wave function
as well as the 2 gp states onto good angular momentum
and particie number bafore cne diagonalizes the many bo-
dy hamiltonian in this basis. It was shown that this ap-
proach is & very good approximation to the exact shell
model configuration mixing (SCM) method. Alsc effects
like the backbending in heavy deformed nuclei, which is
known to be a single particle effect, which may be de-
scribed essentially by intrinsic two quasiparticle exci-

ot

to the ground state, are rather

1)

tations with respsc
well reproduced with the MONSTER in its present ver-
sionl).

The two major approximations used in the preseni version
of ‘the MONSTER are the assumption of a fixed mean field
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for all states to be described and the truncation of the
configuration space to 2-q.p. configurations. This will
cause problems i{ one wants to describe nuclear states,
which .are known to be essentially projected 4-g.p. exci-
tatioﬁs with respect to the ground state. Also all cases
where the collective properties of the nucleus change
rapidly and strongly within a band will cause ai
ties.

A way to overcome those difficuliies would be the use of
state and

=1}

a spin dependent mean field. Then the yrast
the excited states for a given spin will always be da-
scribed with respect to the optimal HFB-field for this
spin. Since this HFB-state may be any many-gquasiparticle
axcitation with respect to the intrinsic mean field wave
function such a description will alsc include 4-g.p.
states like they are for example necessary for the de-
scription of the second backbending in yrast bands of

heavy nuclei,

for given angular momentum and particle number can be
solved by a technique known as projection before the
variation, which has been discussed already long ago but
nas been practically performed only in simpie cases or
with major approximations. We have developed a method,
which performs a variation of the HFB-transformation af-
ter the projection onte good agnular momentum and par-
ticle numbers, the only approximation being the restric-
tion to axial symmefric Slater determinants.
According to the generaiized
wave function may be expressed with respect to another
one as
IHFB) = - exp{ ¥z} dwa:a:}}HF3>
uv
where d is an antisymmetric matrix. Ye assume here that
JHFB> is an axial symmetric state and that the matrix d
doesn 't mix k-values, s0 that the wmatrices d span the
space of all axial symmetric HFB-wave functions. The
problem of projection before the variation now reduces
to the problem of minimizing the spin- and number-pro-
jected energy
ATA A
e (@) - S5 i g, )
oo CAFB IRy O 1FFB)

as & function of d. In order to perform this minimiza-
tion efficiently we use the derivatives of Eémz (d} with
0-0
respect to the matrix elemenis dyv
<IM
BLN 7
g = ©F gy,
e s

Here g denotes the local gradient represented by the

projected Hpp-matrix

o < e

HY o

o AALA 4 R JIM ane pls oa o4
<HFB) HP’.“.QNOQ.ZDauav |HFBY -ENO ZO\HFB ] PMQNOQZDG W2 [HFB >

T iAI/\ ~ L
{HFB .PMuNouZO |HFB>




and 0 is a matrix which orthonormalizes the HFB-trans-
formation of [HFB)> for a given d. It turns out that a
simple steepest descent method is able to find the mini-
mum of Eézzo(d), but the process is very siow since one
has to use very small stepsizes, This is due to the fact
that the projected energy depends more or less sensi-

..... Fiimert 3
PUniLL s
A significant improvement is obtained by the use of a
variable metric quasi Newton-method for tfhe minimiza-

tion.
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Figure 1

For the purpose of testing the program we applied it to
the ground state band of 224e, With the s-d shell as
single particle basis and a modified surface delta in-
teractionz) as effective hamiltonian the resuilts ob-
tained with different models can be compared to the ex-
act shell-model result. In Fig. 1 one sees the exact
ground state band in the middie, To the left are the re-
sults of models using only one Slater determinant for
each state. The band denoted by HFB results from the
projection of spin and particle number from the intrin-
sic HFB-wave function. The energies differ by typicaily
1 MeV from the exact values. The band denoted by HFBP
shows the result obtained with the new model, that means
for each spin the optimal HFB-wave function has been
calculated with the method described above. One finds a
significant improvement of all the energies compared
with the HFB result. To the right of tha exact specirum
the results of two different MONSTER calculations are
shown, one based on the intrinsic HFB-field while the
angular momentum. One Sees that both spectra agree quite
well with the exact one and with each other. It should
be noted here that for the Of-ground state the HFBP-
method yields a better energy than the MONSTER based on
the intrinsic field. For the other states the MONSTER is
still supericr because of the mixing of different k-val-
ues, thus going beyond axial symmetry.

As a result cne should stress that the HFBP-method to
find an optimal HFB mean field gives & clear improvement
of the usually used method of projection after the vari-
ation. In the case of 224e the use of the optimal wave

P
[T

functions for each spin in a MONSTER-caiculation deesn

improve the results of a MONSTER-calculation based on a
fixed mean field very much. However, we know that in
heavier nuclei and for different nuclear states this im-

provement should be an essential one.
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3.13. On Averaging in Iterative Hartree-Fock Solving

Procedures
Vilmar Kiemt

It is well known that iterative methods for the solution
of Hartree-Fock (HF) equations do not always converge.
It may turn out that the density p(“+1}(r) caiculated in
the iteration step number v+l may be farer away from the
triie HF density than the density p(“){r) of the u-th
step. In many cases, however, using, instead of pV+1(F},
the average of the v-th and the {v+l]-th density for the
calculation of the respective {v+l)-th mean field lTeads

to quick convergence.

In some cases this method does not seem to be directly
applicable however, If we represent the HF single-par-
ticle orbits in form of an expansicn into harmonic 0s-

cillators (v = iteration number),

M
Sy = 3

n'=1

~{vle o i1008C
of¥) (e ey (1)
the HF-equations reduce to those for the expansion co-

L. {v) .
efficients Cé.’(nij)!

{{nliojcltinziojc)

/2541 y
2j0+1 n3n‘,

g
N2

t ol

nej

cﬁ:)(nzjjcgr) (n23)

. =1 . -
Xt (mye 3,070V ,es (nged) 0
1%eYe N 2%eve 3 1

{wtl} (v+l} Sy =
- e L 1 (n2i)=0
Molgdy Mpfip M o"o%0
Hare t is the gparatoer of the kinetic energy, V is the

effective nuclecn-nucleon interaction, whose particle-
hole matrix elements, coupled to 0F, appear in the
equation, The sum }  runs over all the cccupied HF or-
bits. The advantagg %f this method, which also has its
drawbacksl), is that one can calculate a set of ot par-
ticle-hole oscillator matrix elements in principle once
and for all (typically a 300x300 to 400x400 matrix for
heavy nuclei), store them on a permanent data set and
use-them for. arbitrarily ﬁany different HF-program runs.
in this ﬁay }ealispic finite range forces (central and
tensorial) can be used, whose matrix elements consume
more computing time than the more schematic forces

applied usually. On the other hand the nucleon density
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never appears directly in eq. (2) {except in density de-
pendent forces which have to be reczlculated in each
iteration step), but only indirectly in form of the ex-
pansion coefficients CéY)(ﬁij). Therefore the question
arises how an averaging procedure between Lwo Successive
iteration steps can be carried out for the expansion co-
efficients. Now a transition from one basis {iteration
number v} in a space spanned by osciilator wave func-
tions to another cone (iteration number wtl) is always
described by a unitary transformation U, which can be
regarded as a generalization of a rotatiaﬁ. Therefore it
suggasts itself to assume that the procedure of aver-
aging between the vw-th and {v+i)-th iteration should be
related to a reduction of the "rotation angies® of that
unitary transformation. It is well known that a unitary
matrix can be transformed te diagonal form by a unitary
transformation, what is equivaient %o saying that the
left-side and right-side eigenvectors of a unitary ma-
trix are identical, and that the eigenvalues are of the
form exp(iD, ), where the D, 's are real numbers. The re-
sulting equation reads

B (k) .

E {(Uppm® S SRl =0 (3)
where the (bl?(k)> are the eigenvectors of the unitary
matrix U specified in ar arbitrary {in our case oscii-
lator) basis {n). Let the iteraticn step {mumber v, say)
change the momentary HF Basis Juy> (i=1,2,...M according
to eq. (1)) into the new basis |v;), then the respective

unitary matrix U that effects tnis is
R R AACH (4)
i
or in our osciliator basis:
= 5 AN /
Umn ; \mlv1>\u1En> \5)

Averaging between two iteration steps is achieved by
miltiplying the Dk's by a factor r with 0 r 1. Instead
of U we get then the unitary transformation ulr) with

irD ,
kolkdigy

U[E]E) = E{mi\?(k},‘» 2

=
——

(=23

—

ulr) teads from a basis fugd to & basis ivér)) with

Lelrd = ulrdug) 7
The respective expansion coefficients are then
(v+1sf}'; (F) = (F) = (r} (Vsr)
ct =mjy;" D = % Ui nlud = z up, '€ (8)

Practical experience shows that this procedure is numer-
ically fast (due to the smail dimension of the matrices
U, which is '8 for heauy'nuciei) but not accurate enough
aumerically since the érrors of the successive iteration
steps accumuiate. This problem can be easily cured how-
ever by rearthonorma%izing the basis after sach itera-
ticn stap. B
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3.14, On a Relativistic Hartree-Fock Description of

Magic Nuclei
Vilmar Klemt

In recent years the interest in relativistic Hartree-
Fock (HF} theory for nuclei has grown since there is
good evidence now that relativistic effects can no long-
er be considered smal?l). A relativistic HF-treatment of
nuclei encounters many more problems with respect to its
significance and justifﬁcat€0n1=2

Hhite in

) as well as concerning

Skyrme type are frequently used, in a relativistic cal-
culation cne certainly has to cope with more reaiistic
potentials that can be derived from meson exchange pro-
cesses. Potentials of the latter kind however, especiai-
1y their exchange (Fock) parts are much more aifficult
to nandle analytically as well as numerically.

A nonrelativistic HF-code developed by the author {see
another contribution of the author in this rsport} has

made use of the oscillator expansion methed, which ai-
lows to compute the relevant oscillator-space matrix
elements only cnce, store them on a permanent data set
and use them arbitrarily many times in subsequent HF

rins.

It is tempting to examine how this method can be ex-
tended to relativistic HF calculation. The first dif-
ference is that the orbits of a relativistic HF Slater

determinant consist of Dirac spinors of the form

K PRI TRy W

"nej Lim

whara ¢ W, . ara
whare the Y0m L ara

the radial wave functions of the large and small compo-
nents, respectively. The operator &+ {(with F = #/r} has

are Pauli spinors and gnﬁj and f

the property of changing the quantum number of the or-
bital angular momentum:

.

aer \fj:_l/z ,jm(“) = \Fji 1/2 ,jm(ﬂ) (2)

By considering the radial Dirac eqpation for a one-body

Dirac Hamiltonian

m-U(r) -5+p
“{ )

g (3)
Gep miy{r}

for small érguments r one finds thai the appropriate ex-

pansion of the radial Dirac functions into harmonic os-

cillators is

" oy . U DS; .
gn,jt 1‘/? ,J{F) mzl .a”?(n,jf /2 ’J_)Rn,_]i 1/2 (r} (4a}
and

Mb
, o . .\, 08C .
fn,jt yé;j(r) = mzl Dm(ﬂ,Ji QE,J}Rﬁ’j; Y, {r) (4}




i.ae, the small components fnﬂj correspond to a differ-

ent £ than the large gnzj'

The two-particle interaction, which in general consists
of many different parts {scalar, vector, pseudoscalar,
pseudovector etc.) now not only combines large with
Targe and smail with small components to a resulting

author in this report} but altse large with small and
small with large components leading to & mean field of

07 type:

(nlzojoll;"inzz 1 >

where the sum nEj runs over occupied Dirac orbits and
the 7 in front of the nkne refers to the respective
parts of the force (V, for vector and Vps for pseudc-
scalar). The extension te a relativistic HF thus leads
to an approximate doubling of the dimension of the ma-
trices to be diagonalized, which shouid not be prohibi-
tive numerically, even for heavy nuclei.
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3.15, A Micreoscopic Leok at the Nuclear Twist

B. Schwesinger™

A microscopic description of nuclear excitations is used
to confirm semiclassical predictionsl) on a collective
twist motion. To this end specific properties of the ex-
citation have been derived from Landau thaory and are
shown to persist on a microscopic level,

The micrescopic calculation appiied is & procedure which
is equivalent to a diagonalization space of lp-lh and

2p-2h stateszf

The main result is that 208py, shows two very sharp reso-
nances in response to the twist operator which are lo-
cated at 7.2 MeV and at 7.9 MeV. The position of these
states is entirely fixed by experimentally measured sin-
gle particie energies because the residual interaction
does not affect the position of transverse zers sound

modes.

According to the microscopic calculation 902r is not
heavy enough to exhibit atMgﬁngmmim.

The possibitity of detecting the twist experimentally
through electron scattering is also investigated. Da-
spite this overwhelming contribution to the M2 sum, the
competing spin f]ip3) mode is so heavily fragmented that
it cannot obscure the resonance peaks of the twist in

{e,e®) scattering experiments.
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3.16. Effective Quasi-Particle G-Matrix Interaction

K, Nakayama, S. Krewald, J. Speth, and Y.G.
Love®

In the last decade considerable effort has been devoted
te deriving an effective particle-hole interaction from
a microscopic point of view., The main ingredient of such
an intaraction is the particie-hole irreducible kerﬂe11)
which is usually approximated by the Brueckner G-matrix.
This seems to be a reasonable approximation since ~ 85 %

of the experimental binding energy is 2lready explained
by the Bruesckner Gematrix., In addition fo its tradition-

al role in caiculating ground state properties of nu-

clei, a Brueckner G-matrix {pion- and rho-exchange po-
tential folded with a short-range correlation function)
has recently been successfully applied to the descrip-
2)

tion of magnetic states in nuclei In fact, a simple

analysis of the Landau parameters derived from the
Brueckner G-matrix shows quaiitatively how the different
components of an effective interaction influence the
properties of the low-lying excited states. However, &
more complete analysis of the Brueckner G-matrix and its
dependence are essential for under-

momentum and dansity
standing more quantitatively the properties of nuciei.

Using the method of deriving the operator structure3} of
the Brueckner G-matrix, an effective interaction (opera-
tor), based on a G-matrix in nuclear matter, derived
from a cne boson exchange potentiai, has been extracted.
Once the operator structure of the Brueckner G-matrix is
obtainad, its analysis is substantially simplified com-
pared with the methods used s¢ far. Effects of the
short-range correlations have been analyzed, showing
that thay are largely restricted to 180 and 331-301
states and affect predominantly the central components
of the G-matrix interaction. The tensor forces are not
affected by correlations due to the fact that the
correlation functions in 351—3D1 (L=t '=0) and 351—3D1
{L=0,1 '=2) states have opposite signs and therefore
their contributions cancel each other almost exactly.
The spin-orbit components are also weakly influenced by
correlations {~ 10 %), since L=0 states cannot con-
tribute to these channels. The non-locality of the G-ma-

trix interaction has bsen explicitly verified. Although

the short-range correlations introduce a very smalil
amount of non-locality, the scalar-isoscalar channel is
strongly nonlocal due to the w- and g-meson exchange po-
tentials which have already such a behaviour. The densi-
ty dependence of the G-matrix interaction has been
mapped out using the local density approximation. A
fairly simnle density dependence is found. Based on
these analyses a simplified momentum transfer and densi-
ty dependent G-matrix interaction has been constructed.
For further convenience, this interaction has been para-
metrized in terms of Yukawa type expressions

A
e

(1)
which reproduce the exact values within 0.2 % in the
range of 0-2 fm~l of the momentum transfar. Also a sim-
ple functional form for the density dependence has been
suggested based on the analysis of an analytical G-ma
trix, which gives an excellent quality of the fit {with-
in 1 %) in the range
The results of these paramstrizations are shown in Table
1. There, SO(SE} and TO(TE)} denote singlet-odd {even)
and triplet-odd (even) channels of the G-matrix interac-
tion, respectively.

component and LSO(E) the spin-orbit-cdd (even) force. a
is the mass of the effective mesons exchanged and A its

of the density of 0.35 0% .

THD

f£} danpteg the tengor-odd (@‘.’ER)

coupling strength. The density dependence is fitted with

an expression of the form

TR T {(2)
Tralke-kJ)+aTke -k F)

where kp 15 the Fermi momentum and k? = 1.36 fm™ . & s

the cutoff parameter of the form factor given by

A?-m?
[KZ:E?]

for the tensor forces only.

Ye hepe the momentum transfer and demsity dependent G-
matrix interaction as constructed above may be used &s &
main ingredient of the full particie-hole interaction to

dascribe the low-lying excited states of nuclei.
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channal mp = 4.0 1 my = 2.5 fm7t =y = 071 f~i
5L A < B A o A 2" A (Fev}
SO 3489.8578 - - -1072.6801 0.40738 - 1195. 3350 -
SE 1332.8011 -0.21537 -D.61977 -1809.5155 -0.15600 .0.65536 -398.4453 -
TO  }253.1275 0.35298 - -914.8167 0.45308 - 132, 8151
TE  2006.6500 0.82068  0.13303 -2627.8311 0.B2708  0.06749 -398,24453 -
THO 3559612 - - 79.9680 - - -132.8151 950
THE 356.9312 - - -475.3378 - - 398, 4453 950
L350 151,4617 - - 135.5124 - - - -

LSt -852, 9600 - - 2ui. 6745 - -

* OPEP, which has been added explicitly {not fitted).
3 2

Table 1: Fitted parameters. Coupiing strengths A are in MeV fm

- 82=.

'; o in fim and B in fmc.




3.17, The Effect of MNuclear Polarization on the

Isotope Shift in Electrenic Atoms
8. Hoffmann, 6. Baur, and J. Speth

The isotope shift in electronic atoms is calcuiated in
second order perturbation theoryl). We consider multi-
pole orders X = 0, 1 and 2 for Z = 20-82 nuclei. The in-
fluence of the shape of the nuclear transition density
on the polarization shift is investigated and found to
be small. This can be seen in Fig. 1. In this figure,
the contribution of different transition densities
Prp & ' (n=0,2,4,5) (r<R,} to the guadrupcie poiariza-
tion energy is shown. To a good approximation, the po-
larization contribution is directly proportional to the
electronic density at the nucleus., We study whether the
polarization effect modifies the extraction of 6<r2>
to be

in

values from isotope shift measurements and find it
small. It may not always be negligible, especially
the cases where very accurate optical measuremenis ex-

f the Sm-

ist.
isotopes, where a strong change of deformation occurs in

the series of isotopes, which

15 T T T E 3 T 3 | T ¥ T
10k
5L
O L
O
Fig. 1: Influence of the form of the transition density

o, . on the quadrupole pelarization as a function of the
intermediate electron energy.

causes changes in the guadrupole polarizability. In a
recent paper by Bernabéu and Ericsonz) the effect of the
dipole polarizability in electronic atoms was considered

in the unretarded dipele approximation.
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3,18, Fission Barrier Calculation for Rotating Nuclei

J. Nameth®, J.M. levine™¥, J. Okolowicz™”

Recent experiments comcerning the fission of light rare
earth nuc]eil) and the discovery of the “"fast fission"
phenumenonz’s) made it important to reexamine the fis-
sion barrier dependence on the rotational angular momen-~
tum of the nuclei. We calculated the fission barrier of
a retating 144b nucleus in constrained Hartree-Fock
calculations, constraining the angular momentum and the
quadrupcle momentum values, and compared the results
with the drop model calculation of Cohen et al. %), The
results can be seen in Fig. 1 5), The fission barrier
decreases with increasing angular momentum mere rapidly
than predicted by Ref. 4, in good agreement with experi-
mental observationslj. On the other hand, the maximum

angular momentum for which the nucleus s still stable
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—
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T
r
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Harfree-Fock hinding energy (MeV)

1220t
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Qe
Fig, 1: The H.F. fission barrier as a functicn of the
quadrupale constraint for L, = 0, 30, 50 and 60 h.
against fission is about 60-80 % smaller than expected.
This fact emphasizes even more the importance of the
fast fission phencmanon, and makes it necessary to cal-
culate the fission barrier for asymmetric rotating nu-
clei as well.
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3,19, High Energy Proton Induced Fission of Rare Earth

Nuciei

J. Németht, J.M. lrvine™

High energy (500-600 MeV) protons can induce fission of
rare earth nuclei, while in the case of 200 MeV energy
protons the fission probability of the same nuclei is
practically neg%igibie1=2). Since the fission barrier
even for nuclei of mass number 150 s only about 50

MeV 3}, this fact cannot be explained by energy consid-
it

only. To examine the phenomencn in detail,

1 to perform modifiad time

donendent Hartres-
n gapancent Hariress

Fock calculations, To solve the TOHF equations one has
to start from an excited wave Tunction, the excitatioen

can be vibraticnal, rotational or thermal. However the
usual TOHF eguations
there is no mechanism to change the filling order in a
mean field approximation. To avoid this difficulty one
has to introduce either unnaturally big pairing for-

ces4), or medified TDHF equations can be app]ieds) to

cannct lead to fission, because

change the cccupation probabiitity of the levels and fhus

; 1 .
simulate the two-bedy dissipation. In case of M3Np qiv-
ing the nucleus 400 MeV excitation either as vibrational
or as thermal energy we got no fission within 10720 sec

Giving the same amount of energy, but & part of it as
rotation, the nucieus is fissioning in less than g2l
sec. The reason for this is that high (Lx

Since this deformed shape

~ 30h) angular
momentum deformes the nucleus,
is alrsady close to the saddle peint deformation, the
nucleus can fissien sasily. Proton induced fission of
Tight nuclei occurs in peripheral collisions with big
impact parameters, and in our opinion the nigh energy of
the protons is needed onily to transfer high angular mo-
mentum to the nuclei. In Tact there is experimental
evidence that high angular momentum states can be ex-
cited with some probability in such coi]isionszj.
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3,20, Effective Mass in Nucleil and the Level Density
Parameter
M. Prakash®, Z.Y. ¥a'¥ and J. Wambach

In generalizing the Thomas-Fermi approximation to finite
temperatures, Barronco and Treinert) nave given an ex-
pression for the level density parameter a involving io-
cal ground state quantities iike the particle density

o (F),

fective mass m*(?}.

the local Fermi momantum kF(;) and the local ef-
In terms of thesa fundamental guan-

tities 3

is given by

The summation index distinguishes protons and neutrons.
In the large A limit in which the F-dependences disap-
pear we gel the familiar expression from Fermi liquid
theory
*

2 = wham A/ (A5G (2)
Using m*=m and the equilibrium nuclear matter value

- -1 . .
ke = 1,36 fm™ & = A
finite nuciel indicate for which on thne average a ~ Af7.

15 much smaller than
The deviation is solely due to the presence of the sur-
face which acts as a static boundary as well as a dynam-
tcal variable adding extra degrees of freedom to the

system.

Te study the influence of these nsw degrees of freedonm
wa have attempted to determine the volume, surface and
curvature coefficients of the level density parameter a,

expressed as
a=ah+apatfdegall3 (3)
v fal C 4

from empirical knowiedge of the nuclear mean field }
which in gereral is nonlocal and freguency dependent. In
finite nuciei it furthermore depends on the c.m, coordi-
nate © of two interacting particies. To arrive at the
local guantities needed in {1} we expand } arcund the
Fermi surface determined by the Fermi energy € and Lhe
Tocal Fermi momentum kr\F), First order is sufficient to
determine the guasiparticie properties near the Fermi

surface and therefore to specify the entropy. To this

order the selfenergy ! is given by

E (F,ﬁ,w) =, iD(F’kF{;)’EF)+(w-€F}(aZ/aw),w=€F
{4)
(K kEFN 1) s
k -kF
The zeroth order term determines the local Fermi momen-
>
tum kF(r)
KE(E ) fem *z (Fokp (B)oep) = 5p {s)

Q

and the effective mass is given by the derivatives with

respect to £ and w as




(. E,eg) -1
2= 2
BHE k2=k?
N

B(F k() ,0) 6

3w WRE

m Ry = [1+2m

. -

F

Rather than deriving the mean field from an underlying
two-bedy interaction we choose {0 parametrize Eo by &
Woods-Saxon potential. The first derivative of } with

respect io 2 35 proportional teo the non-locality
tength o of the optical potential which has been defer-

3

e

iined empirically. The w-derivative of | is less known
ut can b 1 h

cr

of the absorptive part of the optical potential or
equivalently from the spacing of single particle laveils
near .. To finally obtain the level density parameter
the one-body density o, 15 determined from the solutions
of an equivalent Schridinger equaticon which includes the
selfenergy up to first order.

{-ﬁﬁZ/Zm*{F}ﬁ + U(F)}@v(F) = EU¢V(F) (7a}
UERY ~ mim” (F) I (Foke (Fhoeg) (75)

in terms of these solutions one has

ES U o +
SORPEENGING (8a)
( 1 e S¢ep
n, = . (8b)
{_ av>aF
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Fig, 1: A-dependence of the level density parameter. The
crosses indicate results using expression {1) in ““Ca,
?Z%r and 208p5, The straight line utilizes expression
We have calculated the level density parameter for the
three closed shell nuclei %0Ca, %Czr ana 208pp {indi-
cated by the crosses in Fig, 1}. To obtain the general
A-dependence {3} we extracted from (1) the surface-,
volume- and curvature coefficients deriving a general
expression for a in terms of €5 po(o}, a and & param-
ster B characterizing the w-derivative of ). The result
can be expandad as
a = wZ/(ALeF)A[(l-a)ﬁ(ao/ro)vorl”

(%)

+ Bloy/ry ) v -(1-a)e /6 TE 4 L]

Here @y denotes the diffusensess of the Woods-Saxon po-
tential and ry = 1.2 fm. The ceefficients Yy and vy
emerge from the analytical integration of (1) and are
linear combinations of Fermi integrals. The A-depandence
depicted as the selid line in Fig. 1 is cilose to experi-
mental findings indicating that both frequency depen-
dence in the mean field and curvature terms in &, usual-

ly neglected, are important.
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3.21. Fragmentation of Nuclear Strength Distributions
by Two-Particle Two-Hole Excitations

J. Yambach and B. Schwesinger‘+

The microscopic understanding of damping of nuclear col-
tective motion has attracted thecretical interest in the
past few years. For small amplitude vibrations fwo damp-

ing processes can be identified:

(1) pure mean Tield damping which gives rise to a
spreading of 1iplh-transition strength due to shell
structure ("fragmentation width") and a broadening above
the contipuum threshoid due to prompt particle emission
{"ascape width”) and 1s not described by mean field the-
ories.

(2} damping from residual twe-budy coilisions, which
couple the lplh-doorway states to nuclear compeund
states ("spreading widtn").

Since both are of comparable importance especially as
the freguency of the oscillation gets large, a proper
many body theory of vibrational motion has to go bayond
the mean field, i.e. the RPA-treatment. Based on linear
response theory we have proposed an extensionl) which
treats the lplh~ and Z2pzZh-subspaces explicitly and
higher compound states on the average. Within the re-
stricted medel space all diagrams to order ve are iter-
ated, where YV dencotes the residual interaction

{H = HytV)..

Implying that a one-bedy external field
Qt) =Y (e sgte oty (1)

couples only weakiy to the 2p2Zh-space, the response ta
the perturbation {, which in general is given by the
ground -state expectation value

Sl = - g {ﬂ {Kla* (wmtivin) 00> - —i—%?f—, (2)

can -be approximated as -

I gt e
Sqlw) = - 31 2T 10T {u-Hy-VHE +in

o (3)
+ U(L-P) (uH -v+E +in) (1P} Pea ]




Here P denotes a projection operator onto the Iplh-space References
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tary space containing npnh-states. Since V is a two-body
interaction it coupies the P-space only to Zp2h-states
which therefore act as the entrance channels for the
compound decay. They are treated explicitly and all
higher configurations are included on the average by

making n finite in the 2pZh-propagator. Furthermore V is

We have applied the above model to %0zr and 208py by
prescribing the wean field Hy phenomenologically

Hy = Re/am v° + U(r) (5)

Here U s & Woods-Saxon potential and the effective mass
m* an adjustable parameter. The residual interaction was
approximated by zero-range density-dependent antisymms-

trized terms

V{nar'y = 1V [e]#V p]RE ") Yo [1-0°F Ja{r-r') (5a)

in ex
v =V R}y + ¥ i-p(R b
Lo (o) = VITalRY + X (1-p(R)) (5b)
o(R) = (Lrexp(RR)/e)™h 5 (R = (rer')/2) (5¢)
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Fig, 1: Quadrupole response in Lzp {left part) ang
-Gng right part). The dashed line give the Iplh-

response funciion alona while the full lines include
coupling te ZpZh-states.

and the parameters adjusted to a few known resonances.
As & typical example iscscalar and isovector transition
strength distributions are displayed in Fig. 1. Here the
dashad lines indicate a pure mean field (i.e. lplhere-
sult) while the full line incorporates two-body colli-
sions resulting in 2p2h-coupling. In general we find
that isovector resonances are nhighily fragmented. Iso-
scalar modes suffer much Tess dispersion since large
cancellations between the attenuation of the single par-
ticle motion {seifenergy insertions) and ph-linked pro-
cesses (bubble diagrams) occur.
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4, EQTUM ENERGY PHYSICS
4.1, a-Isobar Effects on M2-Strength in 208pp,
D. Cha and J. Speth
We have studied the M2-strength distributien in 208py,

within the framework of the RPA including &-hole states.
We want to clarify the influence of the A-rescnances on
the M2-strength. This is of special interest because the
¥M2-sirength in 208ph nas a considerable contribution
from the nuclear convection current in contrast to the

%]

Ml-strangth where the nuclear spin current dominatesl),

sh-interaction, we take a realistic one
which inciudes the one-pion and one-rho meson exchange
potential in the ot-channel explicitly with a two-body
correlation function to account for the effects of the
other mescns. In addition, we take phenomenological
spin-dependent and spin-isospin-dependent zero-range

terms, Sgo and 696 suggested by Suzuki et 31.2).

The M2-strength distribution between E, = 6~8 MeV in
208py, nas bean measursd by Frey et 31.3). Eight promi-

nent states were found sharing the total strength of
£B{M2)+ = 8500750 prmz. Our theory gives good agree-

ment with the experiment as can be seen from Fig. 1. The

L —

—— Theory
Experiment

' ]

2
N
s

B(MZ) 107 i

g

Lt ——t
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.0 : 7.5
Fy [MeV]

[=A T N
in
-

Fig. 1: M2-states between E, = 6.2~8.2 teV in 2%pp.
Theoretical states are obtained by the RPA including
the A-hole states and experimental states are quoted
from Ref. 3.

predicted total MZ-strength within the measured ex-
citation energy range is IB{M2)+ = 10808 qumz when we
inctude the s-hole states and IB(M2}+ = 11273 wyfm? when

i o

[ Y
i [

man et
Licy are noi

energy range a quenching due to A-hcle admixture of only

~Tae Tl i 1 H 3
ol T n‘h{-ain i

ad & f
aga. MereTire, wo GoTaii i

4 %, {If we use mebweggfxtws,tm theoretical
strength including the s-hole effects is reduced
to IB{MZ2)+ = 8975 umez.}

To study this in more detail, we constructed histograms
of the M2-strength by AEX = 1 MeY bins in Fig. 2. The
full columns $1lustrate the strength from the nuclear
spin current only. The strong concentration of the un-
perturbed strength (Fig. 2a} which is dominated by the
nuciear convection current in the £, = 7~8 MeV bin is
due to the proton 113/2h£%/2 single particle excitation,
which has more than 40 % of the total unperturbed

- 87 -

Bk _
16 = = Spin & Convection i
1 pemss Sp]n Oﬁly
[ j
2k _
0 i
8- |
{a) Unperfurbed
6F .
— 4t b
E
S 2, -
~z B S s é .
.0 Bl CER L
=2 _
A 3
o (b} RPA
= s- ]
0
b i
2 gl i
5l
0 B
3+ i
{t} RPA with A-hole
s i
Ll % -
| 14 J I nfl § ]
9 ,-ﬂ‘ﬁ_‘%l§ %JE Bl Iw-%’ § oo |
a 5 10 15
Ey [MeVv!
Fig. 2: Histograms of the MZ-strength in 208py, py

AR, = 1 MeV bins.

strength. This state may be interpreted as the "twist
mode” of Ref. 4. The strong repulsive interaction in the
spin-isospin channel introduces iwo major effecis: one
is g reduction of about 20 % of the total strength which
comes from ground state correlations and the other s &
theft of the strength to higher energies. However, one
can see that only the spin strength is removed from the
fower excitation energy {below 8 MeV} info the higher
energy region, while almost all the strength remained at
low energies 1s from the nuclear convection current.
That is because the ph-inieraction is dominated by the
repulsive spin-dependent component. We can also observe
from Figs. 2b-2c that the strength below 9 MeV, which is
mostly from the convection current, has been hardly
affected by the a-hele admixtures (only 5 % quenching)
while the spin dominated strength above 9 MeV has been
significantly quenched {31 %). From our results we
conclude that the renormalization of the nuclear spin
current is not responsible for the quenching of the
observed MZ-strength below 9 MeV in 208pp, 51,
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Medium Polarization £ffects: A Crucial Ingre-
dient in the A{1232)-Nucleon Interactiocn

4.2,

K. Nakayama, S. Krewald, J. Spetn, G.E. Brown™

The A(1232) isobar has been suggested to play an impor-
tant roie in the reduciion of spin-isospin strength in
nuclei,

the Gamow-Teller giant resonance. The magnitude of the

especially after the experimental discovery of

reduction of magnetic strength due to isobar-hole admix-
tures in the nuclear wave function depends strongly on
the isobar-hole coupling strength, Hers we present a mi-
croscopic derivation of the isobar-hole interaction for

vanishing momsntum transfer,

Due to the fact that nucleons carry spin and isospin
1/2, while the isobar has both spin and isospin 3/2,
+wo interacting nucleons must have total fsospin T=1

the

and, in the spin-isospin channel, total spin $=1 in or-
der to end up with isobar-nucleon in the final state.
This implies that all even relative angular momenta of
the interacting nucleons are suppressed in the spin-iso-
spin channel, while in the isovector tensor channel atl
even or odd relative momenta are suppressed accerding to
spin § being odd or even, respectively. This fact has an
immediate consequence that the direct term of the iso-
bar-hole interaction is largely cancelled by the ex-
change term if one approximates the full particle-hole
interaction by a G-matrix., Therefore, Arima et a}.l)
concluded that the isobar nrobably plays only a minor
hole in explaining the reduction of magnetic strength in

nuciai.

Now we would like to point out that the G-matrix is oniy
a part of the Tull quasi-particle quasi-hole interac-
tion. It is well known that employing the G-matrix as a
residual particle-hole interaction leads to an instabil-
ity in nuclear matter. Therefore one has to go beyond a
simple Brueckner approach. It has been shown by 5j0-
bergz) that the inclusion of screening effects in the
so-called “crossed channel" reduces strongly the attrac-
tion of the G-matrix, e.g. the contsibutions are strong-
1y repuisive. Therefore one expects also an additional
repulsion in the spin-isospin channel. A gereral feature
in many-body systems, and one which we shail show here,
is that when an interaction is strongly repuisive (here
that in the geg't-t' channel), then the exchange term in
the particle-hole interaction is strongly screened,
whereas the dirsct term is unaffected.

3)

The full ph-interaction can be written as

FPR = kPN 4 F, (FPMy (1)

induced

The so-called direct interaction KPP may be approximated
by an antisymmetrized G-matrix. The induced interacticn

Finduced
and thus makes the:equation nonlinear.

The major effect of eq. (1) can be studied in the Landau
limit, where the ph-interaction has the form

(th) sums all ph-bubbles in the crossed. channel .

h = s 1, i 1 1 t

FPR = ¢ (F #f ren'+g 000 #glerg 'ton ") (2)
with the constant C, = BZ1% = 302 Mev fm°. In the isobar
sector one has a

{ {.)h = 3 e PTer !

(PP, = Cola)sre tlox 3]

y g g, 9 (957 an

8 -1.14 0.30 0,20 0.63 0.91

FPNN+aY  -0.26  0.04  -0.06  0.7% 1.45

Tapie 1: Landau parameters (in units of C, = 302 MeV

fm3) in both nucleon {f,,f;,95.95) and isobar (gglsn

sector based on HEA potential. The experimental value
(F%/f) = 2 was used. The row & denotes the G-matrix re-
sults, while th(N+A) includes a selfconsistent coupling
between isobars and nucleons.

The results of the generalized versiond) of eq. (1},

which couples isobars and nucieons, are displayed in Ta-
ble 1.

RN

g

The major effect of the induced interaction in

- T30 Fho mmamon
il t

nuciecn sactor is to stabi s

o
since all induced contributicns (renormalizations coming

Z
{
from the other channels due to the exchange term) add
coherently to compensate the attractive G-matrix centri-
bution. In all other channels, however, the induced
pieces cancel tc a large extent. It introduces e.g. in
the spin-isospin strength g, & correction of about 20 %.
In the isobar sector, however, the situatien is aiifer-

ent for two reasons:

i) The ischar has to be excited via the spin-isespin
channei, Therefore the canceiiation of tne induced
pieces, which cccur in the nuciecn sector, does no long-

er exist.

i1} Since the induced interaction contributes only to

the exchange term, the factor 1/4 {due to the exchange
term), which reduces the induced pieces in the nucleon
sector, does nof cccur, since §'°'Pg = §+a'. Therefore
the induyced interaction causes a dramatic enhancement

(~60 %) of the isobar-hole coupling strength (gé)AN by
screening out the exchange term in the interaction.
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4.3, A Deformable Chiral Bag
J. Wambach and Z.¥., Ma¥

in connection with the difficulties of the nonrelativ-
istic guark model to obtain the nucleon axial vecter
coupling constant gy Glashow has specu?atedl} upon in-
trinsic deformation of the nucleon ground state. Subse-
quently, it has been noted?) that the Chiral Sag Mocel
(CBM) of hadrons provides & mechanism for such deforma-
ticns. The pseudo-scalar coupling between quarks and pi-
ons at tha bag boundary adds a pressure term to the MIT
bag model which is inhomogeneous across the surface. Mo-
tivated by these ideas we hava developed a method io
systemaiically study the question of hadron deformations

in the CBM-framework.

The dynamics for arbitrary bag shapes is specified by
the foliowing Lagrange density (gluon fields are ne-

giected}
Tix) = L0+ Llxy + 0 (1a)
iq{x} = | Yz vey-Blo(Rer) - Yofen¥ny (r-R}  (ib)
7 (%) =V (auf)%s(rR) (1c)

(%) = 17026 Jorgtiy o{r-R)

where ig and ;; correspend to the free field quark and
‘

picn Lagrangians and ?ﬁ to the coupling term. The pign

field has been linearized. Requiring the action

s = [ % ¥(x) (2)

t0 be stationary (45=0} with respect to arbitrary varia-
tions of the fields and the boundary leads to the equa-

tions of motion

Fu=0 r<RO7 ) (32)
22t = g R (3b)

and to the boundary conditions

ayy = (TriyH/T Jy r=k{7,¢)  (3c)

£SR3
~
A
£
—r

Here time independence of the bag shapes has been iin-
plied. Kote that the surface normal is angular depen-
dent. To arrive at dynamical deformations we use the
propagator methods of thin3) which starts with the free
field sojutions for which quarks and picns decouple
{i.e. fﬁ+m}. The free fields obey the boundary condi-

tiens
By = v (4a)
pym =10 (4k)
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The soluticns to (4a} and (4b) are used in & perturba-
tive expansion of the full propagators. ¥e are interest-
ed in the minima of the energy surface with respect to
the deformation parameters and therefore have to compute
corrections to the unperturbed ground state energy EG
which always has a spherical minimum. Te second order

in fI one has

2 - yerd ?m gt drydr, a(0)Lpnt)

5)

>

(
<¢G } :(xl )1’(5:1!"()(1 )&(X2)1Y5%V(K2 )6“‘1 _R)ﬁ(pz_R)!;‘?G}

which is defermation dependent due to the Ys—cﬂupTing. &
denctes the pion propagator which can be expanded in
terms of the stationary solutions of (4b} as

dﬁ¢; ({)¢§{£‘)

[ = I f

alesr’st) = ) — gy —  (6)

The solutions of the Dirac- and Klein-Gordon-equations
(3a) and {3b) subject to the houndary conditions (4a)
and (4b} are very difficult to obtain in general. For
ellipsoidal cavities (characterized by two shape param-
eters R and¢ D}, however, they can be expanded in the an-
alytically known MIT quark field solutions and the nard
sphere wave functions for the pion field with the expan-
sion coefficients easily obtained from matrix diagorali-
zation, The deformation dependence of the lowest quark
eigenenargies and mixing coefficients are displayed in
Fig. 1. With the aid of the free spiytions we can

preject onto the two component Pauli space to obtain

g 00) = (o | L lam) o)

o

Here | denotes symmetric combinations of Pauli
spirors in ordinary and isospin space and V1j is a fre-
guency dependent two body interaction

v, () = 1/(28%R%) PR (D)
I ELEE

13 T
ok (8)
A A . )
EirigjerfM‘Qi)YL‘M(RJ)%iéj

which i5 also deformation dependent. The calculated de-
formation dependence of AEéz) for the nucleon {depicted
in Fig. 2} indicates that indeed the ground state is in-
trinsically deformed.
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4.4, Quantum Variational Approach to the Chiral Bag

J.il. Urbano+, K. Goeke

A quantum variational approachl) to the chiral bag is
formulated, in which the pion field is describad by a
guantum mechanical coherent state

1
(e = gew(] [ gkl
J

The wave function of the bag of the nucleon is obtained
by eliminating the quarx degrees of freedom in favour of
the colourless baryonic states assumed as a mixture of a
proton and delta with z-components equai 15

|BM({a)} = COSaﬁN?ﬁ£+ sinalaﬁé>
The total Hamiitonian of the system is given by

+ H

MIT x * A

coupl

where the Hcoupl is taken from the linearized version of
the cloudy bag modelz). The stability of the nucleon is
achieved by taking into account the Tinite extension of
the gG-component of the pions in the cloud. This Teads
to an effective coupling censtant depending on the radi-

us n_ = G.17 fm of the pion and on the radius R of the
bag:
- s on o 2i=3/2
G 7 Yerr (R = 91722 (g=57]

The variation of the total energy

E(g,m) = CBN{a){<n () [HInle)> |BR{e)}

wWith respect to th n fizld amplitude yields for the

e oior
S pild

variational solution

olk)

Eilk) = 2{Zmw(K geff(R) Gla) kZ %5

iz
where p(k} is the pion source and Gle) is given by

H

2 /2 sina cosa + T sina

WO

G {a} = cosza +
The states |BN(a),7{£)> do not possess the preper spin
and isespin quantum numbers. However, they can be pro-
Jected on them by Peierls-Yoccoz techniques involving
rotations around the angles § and B in spis and isospin
space around the y-axis. This yields for the pion field

7B} = expl) [ o’k Ej(k.pf)a] ()} 03
J
with

j.(Rgl(s)E}

E;{k.88) = LGB0

The actual calculations show that the average aumber of
pions and the selfenergy, the bag acguires due to its
coupling to the picn cloud, are strongly dependent on

- 61 -

the mixing angle o and, of course, on the bag radius R.
The preojection itself increases the number of pions in
the cloud up to a factor of four in case of the nucleon
gquantum numbers. Thus both, & proper intrinsic wave
function and quantum effects due to projection, are nac-
essary ingredients for a stable nucleon so}ution3) of
small redii R 0.5 fm since there the pion field is

strongest.
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Effect of the Quantum Fluctuations of the Pion
Field on the Chiral Bag Energy

4.5,

J.N. Urbanot and K. Goeke

As is well known, notwithstending their remarkable suc-
cess in predicting hadron properties, present day ap-
proaches to chiral bag models are still confronted with
some difficulties. Indeed, either they use semiclassical
methods fo deal with the pion field or, if properly
quantized, they are based on perturbative expansions,
the validity of which relies on the assumption that the
bag radius is fairly large {R 2 0.8 fm). In any case,
i 1tal ingredient is missing

v of the models, since the bag of

quarks collapses under the effect of the pion pressure.

Recently, & proposal was made to stabilize the Chiral
Bag by taking into account the quark substructure of the
pions themse]vesl}. As a consequence, the upper limit to
the MIT-bag-model parameter B could be raised, and mini-
ma for the bag energy could be found for bag radii

R € 0.5 fm, Unfortunately, this interesting work is not
free the above indicated difficulties, a fact that is
particularly annoying in a context when one is dealing
with very small radii. In this contribution we cover the
same ground as the authors of Ref. 1, but we use a fully

quantized variational approach.

field theoretical Hamiltonian
ned in an MIT-bag, fraee pions,

Qur starting point is a
conti

o
5 Lul

between quarks and pions. In this in-

describing: quark
and an interaction
vestigation we have considered, for the sake of simplic-
ity, the linearized version of the (lowdy Bag Model Ham-
iltonianz). The second ingredient of our approach is a
trial wave function consisting ¢f & linsar combination
of properly chosen three-guark MIiT-bag colouriess con-
figurations, muitiplied by a coherent state of pions

s
the tin

For each set of values of the bag radius and of the lin-
ear combination coefficients, the trial wave function is
separately projected onto states with definite angular
momentum and isospin, using the Peierls-Yoccoz tech-

nique3}. The total energy is then evaiuated with the




projected states, and is finally winimized with respect
to the pion field amp11tudes3) aﬁd to the remaining par-
ameters, bag radius included. In this work we have per-
formed the variation with respect to the pion amplitudes
betore the projection was carried out.

Since we are interested in the Jowest baryon state, only
nucleon- and delta-bag configurations were considered.
In this framework, we find that the best advantage is
taken of the interaction's spin-isospin structure with

three-dimensional projections in both spin and isospin
states, but in this work we have simplified the calcula-
tions considering only bare bag configurations with spin
up and charge +1. This provides the trial wave function
with axial symmetry in both spaces.

Effeci of Prolection on the Bag Znergy

[Ge¥]

i

Bog Rodius  [GeV7]

The figure shows the affect of projection on the bag en-
ergy for the following set of bag model parameters:

BL/4% = 128 Mev, 7 = 0.244. Tre bare wNN-, 7Na- and waa-
vertex coupling constants were reiated using the usual
quark model predictions. The mNN-vertex coupling con-
stant was then properly renormalized by ensuring that

ong gets the experimental value at the minimum energy.

ke may conclude that it is guite necessary toc consider
the quantum fluctuation of the pion field when dealing
with small bag radii; and that the possibiiity of having
a small bag solution is favoured by the projection,
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4.6, On the Hedgehoog Solution

Jo N Urbano*, K. Goeke

In recent vears there nhas been frequently discussed a
special ansatz for the intrinsic bare nucieon configura-
tion coupled to a pion field, the so-called “hedgehoog®
so}utionl). Tnis is given, in an obvious notation, by

[BR) = Ly (I -ine)) (1)

(2}

G{r)
i.e. which has & very special space-isospace structure
facilitating very much the solution of the field equa-
tions.

T
in a recently

the chiral bag this concept can be checked in a varia-
tional way: We assume for the intrinsic solution of the

formulated gquantum variational modeiz) of

bay a structure of
i A
BNy =2 1 e ls shin O (3)
K-st st 2 72

and the pion field is described by a coherent state

1
£

Y & 00aT )} 0>

A 3
i

_ﬁ
o

(4)

EIES)

]
&

w©
Ead
=

i (1t

w
[

the total Hamiltonian of the system is assumed to be the
one of the linearized clowdy bag model of Théberge et
51;3) with a coupling part of the Torm

PR e o R
= k } . k)= (kda.(k)r (5
coupt = 1 J K F(R) § X tas (k)-R gtk (8)
with
% At A
xj(s) = 9N Et (g-E)SS'(TJ)tt'VStVS't' (6)

where 3§t creates a nucleon in spin state SH@S) and iso-
spin state [Y5t), The variation of the total energy of
the system with respect to gj(g) and 1o o, yislds the
following qualitative resuit: There is a continuous set
of degenerate solutions which minimize the energy. The

) is one of them. The selfenergy of these

solutions is 3 times larger than for a pure nu-

cieon configuration {e.g. with s=Ysand t=14), a result
which corresponds to the findings of Bohr and Mottel-
son4), The field corresponding to the hedgehoog soluticn
can be evaluated by
45(r) = <f(£,a)£§ [ wiklal ey (e, ()
and it has indeed the structure given by eq. (2}. The
other solutions, being degenerate with the hedgahoog,
show fields Qhose épace-isospace structyre is more com-
plicated. They are presently under investigation.
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I. Lovas®, J. Nemeth?™, K. Saitert®t

We investigeted the properties of ihe pion condensed
phase of nuclear matter at fipite temperatures in the
framework of a relativistic fiald theory. The solution
of the field equations and the expesctation value of the
energy-momentum tensor ware calculated in the mean field
approximation. It was cbserved that the seliconsistent
set of equations for the amplitudss of the mesonic
fields obtained directly from the field equations are
identical with the conditions of thermodynamical equi-
1ibrium. The pressure of the pion condensed phase was
found to be isotropic in thermodynamical eguilibrium. In
Fig., 1 the binding energy of the nucleons g{p-m) MeV in
pion condensed nuclear metter is given as function of
the relative density p/po and temperature. The density
of nuclear matter in its ground state is p, = 0.145

fad ). The values of the wave number are-ok = 2.0 {a),

ok Va 180
A, \
. .100 ‘!OG

120 P 205

T

elp-m

Fig. 1: The binding energy of the nucleons e(p-m} MeV as
function of the relative density.

_93_

kK = 2.5 (8), k = 3.0 (c]. The binding energy of the nu-
cleons in normal isotropic nuctear matter is aiso shown
by dashed lines. The equiiibrium between anisotropic
normal and pion condensed nuclear matter is indicated by
asterisks.

We studied the possibility of phase equilibrium between
pion condensed and anisotropic normal nuclear matter.
The nuclear matter preduced in heavy ion coliision is
anisotropic and it is far away from thermodynamical
equilibrium. During the collistion process the anisotropy

ching the thermo-

is decreasing and the system is appro
dynamical equiiibrium, I{ was shown that non-gquilti-
brated pion condensed nuclear matter may have the same
anisotropy as the normal one and they may be in phase
equilibrium during the whole collision process. This
circumstance allows us to draw the following cosclusion:
if there is a chance at z11 for the phase transition
from normal to pion condensed phase then the anisctropy
produced inevitabely in heavy ion collision does not

prevent this transition.
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. NUCLEAR REACTIONS
Theoretical Analysis of the Proton Decay of
Electroexcited Carbon

G. Co*, 5. Krewald

The reaction 120(e,e‘p)118 was investigated in the giant
resonance region within a theoretical model including
final state interactions and all four interference terms
between the charge and current operators. For details
see Ref. 1.

A1l the pesitive and negative multipoie excitations up
i0 47 and 4™ were inciuded. We checked that in the giant
raesonance rvegion muitipoles higher than 4 were giving 2
negligible contribution.

12 1
CEe,E'pD) B &
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Fig. 1: The experimental double differential cross sec-
tions for the reaction ‘ECEe,e‘p)‘ B as measured by Ca-
larco et al. are shown as a function of the angle
i between the momentum 5 of the emitted proton and the
axis defined by the mementum transfer 5. The angle be-
tween ﬁ and the scattering plane is i, = 135°. The cross
sections for ¢, = -457 are represented within the inter-
val between ¥, = 180° and 1% = 3600, The symmetry of the
cross section around UL = 1300 is broken by the charge-
current interference. Eote that z direct knock-out reac-
tion would have maximal cross section at ¥, = 180°. The
solid line shows the theoretical cross secgion including
all multipole modes up to J* = 4% and 47. The dashed
1ine represents the resulis obtained without monopole
strength., The magnituds of all theoretical cross sec-
ticns are scaled by a factor X = 0.4,
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Fig. 2: Thesghotoabscrption cross section of 120 by Ah-
rens et al. is compared with a continuum random-phase

calculation described in the text.

In Fig. 1 the result of our computations {full Iine) is
compared with the experimental points of Calarco et
31_2)_ A1l the theoretical energies are shifted up by
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1.5 ¥e¥ in order to compensate for the discrepancy be-
tween the experimenta13) and theoretical peak of the
photonuclear cross section (see Fig. 2).

Since the theoretical zngular distributions overshoot
the experimental data and we were interested in the
shape of the angular distribution of the emitted par-
ticle, we determined a scaling factor of A=0.4 in order
to facilitate the comparison between the theoretical and
experimental angular distributions at the peak energy of
22.47 Me¥ of the dipole rescnance. At all the other ex-
citation energies the comparison was made using the same
scaling factor which is effectively taking info account
effects of 2p-2h degrees of freedom and branching to de-

cay modes other than proton or neutron emission, phenom-
ena which are not considered in the present version of
our model.

The first resylt is that cur model s able o reproduce
the
at all the experimentally investigeted excitation ener-

relative magnitudes of the coincidence cross section

gies. The theoretical angular distributions are repro-
ducing rather wall the experimental ones, only at the
22,

ner 98 MeV the agresment is
poor. We explain this with the fact that our medel, for
the already mentioned lack of 2p-2h configuraticns, does
not give the correct energy width of the dipole which
results to be too concentrated around the peak energy of
22.47 MeV.

= (O} asym-
the
the
the

The sirong forward {5; = 1809 -backward (ﬁ;
metry at the three lower energies is a signature of
presence of positive parity states interfering with
giant dipole. Calarco suggested that in addition to

2% atso the 07 might be present.

In order to demonsirate the effects of 0F strength we
repeated the calculation without monopole strength
{dashed Tine).

Without 0% a series of bumps in forward and backward di-
rection is found at the three lower energies while only
the presence of the 0% is able to reproduce the large
forward-backward asymmetry.

The Targe effect of the ot does not imply that the meno-

pole is a concentrated resonance.

100

SUM RULE
o
O

“%

1 K
010 26 B0 40 50 60 70 80 30 100

-
E iMeVd

Fig. 3: The exhaustion of the energy-weighted sum rule
as a function of the excitation energy for mencpole
(solid), dipole (dashed) and quadrupole [dotted)

strength.




In Fig. 3 the energy weighted sum rule exhausticn for
ot, 17, 2% is shown. One can see that the 07 needs an
enargy interval of approximately 20 MeV to exhaust its
sum rule while for the dipole only 10 MeV are necessary.

Even though the monopole excitation is not a concen-
trated rescnance the interferance terms between monopole

and dipoele are large enough to be seen in a coincidence

experiment,
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5.2, Theoretical Description of Electron Scattering

Coincidence Experiments
G, Co', S. Krewald

Yith the advent of the new generation of slectron accel-
erators {(high-energy, high duty factor) it will become
very common to perform experiments in which the scat-
tered electron is detected in coincidence with a nucleon

knocked-out from the target nucleus.

We developed a computer code to evaluate (e,e'p) cross ]
sections based on & microscopic theoretical model we
presented in the previous fssue of this Annual Repert.
Input of our code is the solution of the continuum RPA
eauations we solved in the Fourier-Bessel forma]isml)
using as residual interaction the zerc range Landau-Mig-

dal force in the parametrization of Rinker and

“0leep) BN

g; = 100 MeV
&= 30°

Eney, ¥ .25'

Fig., 1: Angular distribution of the emitted proton
against excitation energy of the nucleus for the reac-
tion ! 0(e.e'p,)* K obtained keeping fixed the incoming
energy of the electron e; and the scattering angle 5.
The proton is emitted in the scattering piene and ¥, is
measured with respect to the axis defined by the momen-
tum transfer direction which is, in our conventions, at
¥ = 1869, In the computation.ail the excitation multi-
poles up to 4% and 47 are included.

We studied the reaction 16O(e,e'pO)ISN an¢ Fig. 1 shows
the angular distribution of the emitted particle versus
the nuclear excitation energy: the incoming energy of

the electron is fixed at 100 MeV, the scattering angle

has the value of 909 and the emittad proton, Teaving the
i

o

N in its ground state, is detected on the scattering

plana.

From the continuum threshold up to 21 MeV the figure
shows narrow resonances typical of discrete excited
states lying in the continuum, from 21 up to 29 MeV
there is the large bump of the giant resonance. Then,
after 29 MeV, tha angular distribution of the emitted
particle is concentrated around the direction of the

transferred momentum (ﬁz = 180% in our conventions).

We interpreted the behaviour in the region beyond the
giant resonance as quasifree scattering: The virtual




photon exchanged between electron and nucleus interacts
only with the emitted particle, and there is no coilec-
tive excitation of the nucleus; in the extreme situation
the particle is emitted mainly along the transfer momen-
tum direction. To test this hypothesis we pesrformed &
computation switching off the residual interaction.

We chose two different excitation energies: 25 ﬁev, in
the peak of the giant resonance and 40 MeV where the
quasifree scattering, in our hypothesis, should take

place.

- £ ,=100 ¥ev 3 =g0°
o 30 T .

. : £ =25 Mev

s 20F ™. 1
g 5

|

Q i

£ 10\/ / A /
- T e
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5 T =40 Mev
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w PR
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Fig. 2: Angultar distribution of the emitted proton for
the reaction 6O(e,e'p)lsN at two different excitation
energies. The dashed iine shows the result obtained
switching off the residual interaction (see text).

In Fig. 2 the results obtained with and without residual

interaction are compared,

While at 25 MeV the shape of the two angular distribu-
tions is rather different, then the residual interaction
plays an important role, i.e. there is a collective ex~
citation of the nucleus, at 40 MeV the shape of the two
angular distributions is rather similar, which makes it
difficult to distinguish a collective excitation from
quasi-free scattering in a model-independent way. Note,
however, that the role of the residual interaction in
this energy region is by no means negiigible, since it
modifies the absolute magnitude of the coincidence cross
section by a factor of two.

that {e,e'p} is a good
in the

From this analysis it turns out

tool to investigate the nuclear sxcitation modes
giant resonance region {the following report will show a
practical appliication) but for energies above the giant
resonance the reaction mechanism really dominates the
process and no information about nuclear excitations can
be extracted from the anguiar distribution of the emit-

ted particle.
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Microscopic Calculation of the Imaginary Optical
Fotential for 208poip.p} at 14 Mev

5.3.

H. Dermawan, F. Osterfeld, V.A. Madsen™

In the nuciear structure approacnl) the calculation of
the imaginary cptical potential is made in second order
in an effective on interaction, taking into ac-
count finite nuclear effects such as shell structure and
collectivity of excited states. In earlier calcula-

ti0n32=3=4)

, which used the density independent, finite-
range tikemeier-Hackenbroich t 0perat0r5) as an effec-
tive interaction and RPA transition densities®) to de-
scribe the intermediate state of 40Ca, the local equiva-
jents’) W(R) of the resulting imaginary optical poten-
tials were surface peaked 1ike phenomenological poten-
tials but at a radius too small by about .6 fm.

We report here a similar calculation undertaken for
208Pb(p,p), for which the B(EA} values and transition
densities have been well testeds) by comparison with
electron saatteringg). For propagation of the intermedi-
ate projectile we used a real folding potential. The ex-
change part was calculated in a zerc-range pseudopoten-
tial approximation, the strength of which was determined
to agree with exchange scattering amplitudes in an exact
calcu]ationlo}. Other aspects of the calculation were
the same as has been carried out and reported in our

eariier work?-3) on 40Ca(n,n} and a(p,p).

t W(7.6,7.6) [MeV fm™°)
ot -0.0043

1” -0.0034

2* -0.0436

3” -0.082

4t -0.0358

5" -0.0367

6" -0.0108

37 +0,0735

fable 1: Contribution of various multipeies to the diag-
oral nonlocal imaginary potential ¥(r,r) at the peak ra-
dius r = 7.6 fm. * = Jow-lying 37 collective state only.
Table 1 shows the contribution of the different multi-
poiarities of natural parity states to the diagonal non-
tocal potential at r = 7.6 fm. The low-lying 37 collec-
tive state is & very important contributor to the ab-
sorption, but, as is seen in the table, there are sever-
al other essential contributions. Although less impor-
tant and not shown in the table, unnatural parity states
were also included in the final determination of the ab-
sorptive potential.

In Fig. 1 the equivalent local potential W(R) is com-
pared to the phenomenological potentialll). The calcu-
iated potential is surface peaked and, in contrast to
40Ca(p,p) and 4UCa(n,ﬁ)2“4), the surface peak sosition
r=7.56 fm is in good agreement with r = 7.8, that of
the phenomencigical potential, The shift in the peak
position by about 0.2 fm can easily be accounted for by
a density dependent effective projectile-target nucleon

2).

interaction This resuit shows that good structure




e

Glg

- 8.7 -

W(R) {MeV]

Fig. 1: Compariscn of the microscopic local equivalent
imaginary potential with the phenomenoiogical potential
of Ref.

wave functions are needed for the description of the in-
termediate excited states in order to obtain the right
form of the microscopic absorptive potential. The volume
integral ger nucleon Jy of the microscopic potential

3

amounts to 33 MeV fm> and that of the phencmencicgical

potential to 73 MeV fm3° A deficiency of a facter of 2

was also found in our former studies of the microscopic

imaginary potentials for 4OCa(p,p) and 40Ca(n,n) scat-
\

ter1n92‘41.

Similar caleulations of W(R) for 298pb{p,p} have been

12). They used the

performed by Bernard and Van Giai
Skyrme interaction to gensrate the Hartree-Fock mean
field, the RPA-excited states and the projectiie-targel
nucleon coupling. In their calculations they included
only inelastic natural parity states with spin-parities
J" € 57, The resulting imagfnary potentia}l of Raf. 12 is
also too weak both in the nuclear interior and at the
nuclear surface. The volume integral of their calculated
potential is about 4 times smaller than the empirical
value, which, considering the smaller space of interme.
diate states used in Ref. 12, is quite consistent with

our resuli.

4
10— ZOSPb(p,p)

- £ =it MeY -
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Fig. 2: Compariscn of calculated 208Pb(p,p) differential
cross sections at 14 MeV to the experimental data of
Ref. 11, The full line is the exact nonlocal calcula-
tion. The dashed line is the calculation with the eguiv-
alent local imaginary potential.
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To further test our microscopic imaginary optical poten-
tial, we used it directly to calculate the differential
scattering cross section for 14 MeV 208Pb(p,p) scatter-
ing using a newly developed4’13) program for solving the
Lippmann-Schwinger equation in momentum space. Angular
distributions due to a local real potentiail plus the
calcuiated nonlocal potential W{r,r’) or its local
equivalent WIR} are compared to experimental datall) in
Fig. 2. Both calculated angular distributions agrees well
with the data up to 80°, but at larger angles the calcu-
tated cross sections are too high, indicating too Tittie

absorption.
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5.4, Caiculation of the Background balow Gamow-Teller

Resonances
f. Osterfeld, A. Schulte

Recent (p,n}-experiments at intermediate energies at the
Indiana University Cyclotron have shown that the total
Gamow-Teller (GT) strength in nuciei is quenched by
roughly 40 % with respect tc the model independent Ikeda
sum rule. The accurate determinaticon of the guenching of
the total GT-strength, howsver, is severely limited by
the subtraction of the background below the GT-reso-

nances.

We have ca]cuiatedi) this backgrecund in & microscopic
particle-hole doorway medel assuming that the background
is a superpesition of ail cross sections of inelastic

excitations to bound, quasibound and continuum states.

The particle-hole deorway model includes the nuclear
centinuum exactly but treats nuclear collectivity ex-
plicitly only for certain selected states 1ike the GIR
or IAS. We argue that for our purpose such & Timited in-
clusicn of nuclear collectivity is sufficient. Our argu-
ment is based on the fact that for AS=1-, AT=1 transi-
tions collectivity plays only a role for low multipolar-
ities, i.e. for 07, 17, 17 (AS=1) and, maybe, 2~
statesz). This is simply an effect of the finite range
residual particle-hole (ph)-interaction in the

AS=1-, aT=1—channeiz) which 1s strongly repuisive for
low spin states and weak for high spin states (d"= 27).
Therefore states with large J" are nearly unaffected by
the residual ph-interaction.

10 LI R R B R R T T 1T ¢ ] v v 1. 71 1

i 80 7ripn) 20 Nb

i \ E=200 M=V
g-0°

E[mh/s:“-!"IeV]
—

oo 4 L _
™I
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Fig. 1: Zero degree spectrum for the reaction gDZr(p,n).
The data {thick full linre} are taken from Ref. 3. The
discrete lines are calculated cross sections due to
bound and quasibound states. The theoretical cross sec-
tions due to GTR and IAS are not plotted. The optical
parameters for the cross section calculations have been
taken Trom Ref. 6.

In Fig. 1 we show the (%-spectrum of the reaction
90Zr‘(p,n). The experimental data (full curve) have been
taken from Ref. 3. The dashed curve represents the cal-
culated continuous background. As in the case for
48Ca(p,n) we sum all cross sections with multipelarities
sL=0 through at=3 {J" = 0-,1-,1%,2~,2%,37,3%,4"} and in-
clude therefore at least all 3Mw-Iplh-sxcitations in the
calculations. The calcuiated spectrum shows resonance
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type structures around (-values § = -25 and Q = -31 MeV,
Both bumps are essentially due to (aL=2) " = 1¥ 27,3%
the ab=2
resonance. It should be mentioned that the bumps would

excitations and Torm the building “blocks" for

be appreciably smeared out if we would also include &
spreading width in the calculations.

There is one important difference between the results

4Sﬁa(p,n) and the present

for the continuous specira in
cne for 9aZr(p,n). 4hile the background calculations re-
produce the experimental data at high negative (-values
far 4863{p3n} they fail to do so for 9DZr{p,n) and un-
derestimate here the data by a factor of about 2. The
“missing” cross section in the calculated spectrum
around ¢ = -28 MeV is not really missing since most of
the cross section due to 07, 17, and 27 states which ap-
paar in our mode! at lower excitation energies (the dis-
crate lipes in Fig. 1) would be shifted te this energy
region if we would include nuclear collectivity in our

calculations.

The sum of 07, 17, and 27 cross sections in Fig. 1
amounts roughly to ~14 mb, from which 6,6 mb are due to
07, 1.4 mb due to 17, and ~6 mb due te 2~ transitions
{see Table 1). Using the results of Bertsch et a1.4) for
the strength distribution of 07, 17, 27 in H7r we Find
a maximum of about 7.4 mb al=1 cross section directiy
below the &GT-resonance. This means that alsc in
9OZr(p,n) we have practically no background below the
GT-resonance, i.e., all the cross section in the Q-value
range -12:03-20 is GT-strength. A real problem, however,
is that the calculated continuous spectrum underesti-
mates the experimental data in the G-value range
-32x0»-50, Cne ceouid argue that this "missing" cross
section might be produced by sl=4 excitations not in-
cluded in our calculations, We have checked this peint
and have found that thase states make a negligible con-
tribution to the cross section at forward angles, Fur-
thermore, if the missing cross section would be due to
ab=4 transitions the discrepancy between experimental
and calculated ¢ross secticon should increase with angle
since cross sections of abl=4 shape give the biggest con-
tribution at larger scattering angles. This behaviour,
however, is not seen in the spectra. There is actually
just the opposite tendency in that the different between
measured and caiculated cross section becomes smaller
with increasing scaifering angie. ¥e Therefore conciude
that this "missing" cross secticn at large §-values and
forward angles can only be produced by another mecha-
nism. An expianation consistent with the suggestions of
Bertsch and HamamotoS) is that this cross section not
described by the background calculations is actually GT-
strength winich was shifted to this nigh excitation ener-
gy region due to the mixing of the "low-lying" lp-lh &T-
state with high-lying 2p-2h configurations. Correspond-
ing to 'our-caiculations the amount of &T-strength lo-
cated in.the energy range -20<(<-50 could be as large as
25 mb. One might ask why the 2p-2h polarizaticn effect
seams to be more important for zr than for %Bca. Tnis




o %J )1t |16 @)
3 1

o] | Im] | (e}

) ci(G',lh,Z‘) [mb/sr]
1

0expﬁcalc {mb/sr}

-2000{p,n)>-50 MeV

1 8.8 1.4 5
4,5° 12 23 28
9,5° 10 17 21
12,8° 2.7 6.3 12

16.2 40
63 52
48 a3
21 20

Table 1: Sum of cross sections of all Mw al=l transitions with spin-parities J% =07, 17, and 27 obtained for
differant scattering angles e, Column 4 shows the sum of 07, 17, and 27 cross sections while column 5 shows the
™

et o F e Tk ] Teulated

cross section cbtained by subtracting the calculated co

value range -20x0250 MeV,

is probably due to a simpie shell structure effect. The
damping mechanism of the 6T-state due to Z2p-Zh states is
much more efficient in heavy than in Tight nuclei due to
the larger density of 2p-Zh states in heavy nuclei.
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5.5, Calculation of the Background below the Giant

Dipole (aL=1}-Resonance
F. Osterfeld, A, Schuite

Within the microscopic particle hole doorway modell) we
have calculated the 907rip.n)-spectra for angles of 4,50
and 9.5%, respectively. They are shown in Figs. 1 and 2.
The data (full 1ine) have been taken from Ref. 2 and the
dotted lines represent the calculated continuous spec-
trum. The peaks at (-values of G = -24 and Q = -3Z2 HeV
are again due to the (al=2) J" = 17,2%,3% rescnance. As
is seen from the figures the {al=1} J7 = 07,17,27 reso-
nance gives & large contribution to the cross section
{discrete Tines in the figures). The sumwmed cross sec-
tion of all ¥w 07, 17, and 27 excitations amounts to 63
mb at the scattering angle of 4.5° and to 48 mb at 9.5°
{see also Table 1 in the previous contribution}. Most of
tha al=1 strength wiil be shifted intec the energy region
around = =26 MeV when the residual ph-interaction is
switched on. As one can see from Figs, 1 and 2 we have
now, however, & big problem since we have much mere
{al=1) cross section to distribute than the experimental
data permit. This is especially striking for the 9.5°
spectrum. If we subtract in the Q-value range from 20 to
50 MaV ihe calctlated continuous cross section from the
experimental one we obtain roughly ~31 mb. The catcu-
tated AL=1 cross section, on the other hand, amounts to
48 mb which is by a factor of ~1.5 larger than the essti-
mated cross -section above. This happens alithough we have
implicitly assumed already that the al=l strength is

ntin
nyihn
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uous cross section from the experimental one in the (-
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Fig. 2: Same as Fig. I in previous contribution but for
ooy = 9.5

distfibuted over the whole Q-value range from -20 to -50
MeV. The latter amounts to the assumption that high-ly-
ing Zp-2n cunfigurationsg) couple to the AL=l resonance
in a similar way as to the GT-resonance and spreac out
the al=1 strength over & wide energy range. In spite of
this assumption we still need a quenching of about 50 %
in order to reconcile the theoretical and experimental
cross sactions. Part of this quenching is certainly due
to ground -state correlations not included in our calcu-
fations. Ground state correlations will reduce both the
al=1 cross section and also the calculated continuous
cross section being therefore an effective agent to di-
minish the surplus cross section mentioned above, IT we
assume a reduction of ~25 % Tor both the background and




the al=1 cross sections then the experimental and calcu-
lated cross seciions would just agree. [t may, however,
also well be that this is an overestimate and that an

additional guenching due to admixtures of a{1232} iso-
bar-nucieon hole configurations into the abL=1 resonance

is needed to describe the data as has bsen repeatediy

pointed out in the analysis of 27 states measured in in-
elastic electron scattering experiments4)p
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The Tenscr Force in (3He,t)—3cattering with
Exact Treatment of Knmockeut Exchange

5.6.

T. Udagawa+, F. Osterfeid

The (3He t)-reaction at intermediate energies seems to

be a very promising tool to study or-excitations i onu-

clei ). it shows the same selectivity in exciting the
the {p,n)-reac-

SHe

low-lying nuciear excitation spectrum as

tion at similar ensrgies. Moreover, high enargy (

scattering at 2 GeV incident energy very strongly ex-
cites the A-resonance in nucieil). For the analysis of
these data it is very important to have a computer pro-
gram which can handle a2 large number of partial waves
and which can treat knockout exchange processes exactly.
Knockout exchangs describess the process where the in-
coming projectile nucleon nits a target nucleon which is
ejected from the nucleus while the originraily incoming
aucieon gets stuck in the nucleus. Because of numerical
complications this process has never been calculated ex-
actly for composite particie scettering. We have davei-

method and & program which permit fo calculate

oped 2 me ne @ prog
knockout exchange amplitudes alse for composite particie
scattering exact?sz. Until recently only central forces
could be handled, but now we have extended the program
0 that we can treat also tensor forces. Tensor forces
are very important for the study of ot- and a-excita-
tions in nuclei. First results show that the tensor
force is dominant in exciting the a. This is an effect
of the large momentum transfer involved in exciting

states of high excitation energy of E. ~ 300 MeV.
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Calculation of Proton-Neutron Coincidence Cross
Sections in 56 MeV
actions by Post Form Distorted-Wave Born Approx-

(&3]
-
-~

Deuteron-Induced Breakup Re-

imation

G. Baur, F. Rbse1+, R, Shyam++, and D. Traut-

mann_

Recently measurad neutron-proton angular correlations in

the deuteron-induced breakup reacticns at 556 MeV ingi-
dent energy have baen ana¥yzed1) in terms of the post
form distorted-wave Born approximation theory of breakup
reactionsz). Comparison of the present results is made
with those of the prior form distorted-wave Born approx-
imation ca?culations3). It is found that the results of
the post form distorted-wave Born approximation calcula-
tions are in better agreement with the experimental data
than the prior form distorted-wave Born approximation

results.
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Couiomb Dissociation at Nonrelativistic and
1)

[Sa]
(e8]

Relativistic Energies
B. Heffmann and G. Baur

We discuss various characteristics of Coulemb dissocia-
tion at low and high bombarding energies by means of
The sub of the deu-
teron is generally quite well understood in the DWBA

ihe

model calculations, -Coulomb breakup

however, for very low energies
the experimental data of the Bonr

frameworng,
emerging protons,
groupg) cannot be reproduced by our theoretical modeis.
The exparimentally observed deviation of (d,p) breakup
yields for intermediate (Ey = 56 MeV} energy deuterons
trom the Al/3 dependence is tentatively explained in

terms of the Coulomb dissociaticn mechanism. In view of
the current experiments at the BEVALAC4) and fortncoming
accelerators with relativistic projectiles, we ilius-

cal examples the varicus effets
5)

trate by means of typi
arising 'in relativistic electromagnetic excitation
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On the Dynamics of the 180+180+325 Fusion
Process

w
O

J. Friedrich™, XK. Goeke, D.H.E. Gross®t,
F. Grimmer and P.-G. Reinhard®tt

For 2 reproducticn of fusion data by means of micro-
scopic theories there are twe important properties of
the interaction which have to be well described. First
the binding energies of the fragments and of the com-
pound system must be correct, and second the surface
thickness must be accurate. Both properties, to be
tested in static calculations, determine the position
and the height of the barrier and the depth of the col-
tective potential. The presently often used Bonche-Koo-
nin-Negele interaction {BKN) does not fulfil these re-
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quirements well. This can be seen at Fig. 1 whera the
relative deviations of the HF-resuits from the experi-
mental data are given, One notices the improvement of
the so-called “new force". This one has the general
structure of the BKN force, however, the power o of the
density dependent term is not fixed to « = 1.0. The par-
ameters of the force, inciuding o, have been fittedz) by
reproducing the binding energies and the electron scat-
tering form factors of 160+160-5ystem. The mass parame-
ter and the heavy ion interaction potential calculated
by quantized ATDHF3) are given in Fig. 2. One realizes a
lower saddie at larger separation distances and a deeper
bound state. This has a drastic effect on the fusion
cross section as one ¢an see at Fig., 3. The subbarrier
fusion cross section, expressed by the astrophysical S-
factor is in very much better agreement with experiment
that before, where the BKN force was used. By means of

2k T __’____
S e B
= - 16, 16 32
Z ub 0+%0-="5 ]
= ~ cuantized ATOHF
26
£ v

,4 . -

-a - ; ' 4
‘% ,”\\
o L S J
§ i ~ ~— new force
E w b -—=- B&N force |
= "
]
=
LB

. . . . L

5 § 7 8 9
distarce of the ions [(fm} —=

Figure 2

% T T

— B —
—_ oy L N
= £ 1 1% s rdes e ]
B [ -0 Fusiop - b p
5 - :
= T
r .,
o .,
3 \\
O
—o—  Experiment
~—=- guantized ATDHF
w® L |
‘ 1 T B |
2 4 4 8
CH-Energy {MeV}
Figure 3
T T T 1
B 6 B :
0+0="5
1750 & ahowe bartier 4

[mb}

We -

fusian

750 L

560 =

50 -

————— BXN force, foichon (G-K)

' 1
0.0z 004 Ges 0ce

£l [Mev T
Figure &

trajectory calculations aisc the fusion cross section
above the barrier can be calculated. The results are
given in Fig. 4. There the solid line gives the theory
with the new force and the dash-dotted with the BKN in-
teraction. Again only the curve with the new Torce is 1in
good agreement with the data. It seems to be that the
dynamics of the 180+180»32S fusion process is understood
and that, maybe, one can believe the theory aiso at en-
ergies, which are not accessible to experiments, e.g. at

thermonuclear burning temperatures.

References

1) P. Bonche, S. Koonin, dJ. Negele, Phys. Rev. C13
{1978} 1226.

2} P.-G. Reinhard, J. Friedrich, K. Goeke, F. Grimmer,
D.H.E. Gross, to be published.

3) K. Goeke, F. Grimmer, P.-G. Reinhard, Ann, Pnys, 150
(883) 504,

+¢ Inst. f. Kernphysik, Univ. Mainz
M1 Berlin
**+ Inst. F. theor. Physik, Univ. Eriangen




5,10, ATDHF Calculation on the te-16g System
D. Proveost, F. Griummer, K. Goeke

The ATDHF codel} nas been extended to allow for asym-
metric configurations. The Aye.18g system has been in-
tensely studied with use of the BKN force and a mogifi-
cation of étz)

The collective path in the gquantized ATDHF theory is de-
1)

termined by the following differential equation

§54¢q> = c(q)[H,th}phg¢q> (1)

The labelling q of the $later determinants aleng the

path turned out to be an interesting point.
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Fig. l: Collective mass M and potential V for

a-150-20Na a3 & function of the guadrupole distance
using the BKN interaction.
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Fig. 2: Collective mass M and potential ¥ for
«-180-20Ne as a function of the octupole distance using
the BKN interaction.
In Fig. 1 the classical potential V and mass parameter M
are shown as a function of a coordinate calied quadru-
pole distance which is derived from the quadrupsle mo-

ment in the following way:

Rz =¥ <Q2)/2‘.i! (2}

which ensures that R, is equal to the cluster distance
in the asymptotic region for separate clusters.

In Fig. 2 a transformation 1s made to another ceordinate

derived from the octupoie moment of tha system:

3 (A1+A2) :
R vy Qy {3)

and is called octupols distance. This coordinate has the
advantage to start from zero for the symmetric ZONe HF
ground state and is again equal to the cluster distance
in the asymptotic region. Although the curves shown are
rather different the physical content 13 identical. This
is explicitly demonstrated if one transforms from both
coordinates to a third one in which the mass parameter
is constant and identical to the reduced mass. Both co-
ordinates yield the same result.

The next step of the ATDHF method consists in the soiu-
tion of the cellective Schrddinger equationl)

()

B8 v - 20 + 3 te)g o) = Eg,la) (@)

i=
3

g

7 takes the quantum corrections into account and the
centrifugal term has been added by hand since we do not
make an explicit angular momentuym projection, The ground
state rotational band obtained after solution of eq. (4)
is shown in Fig. 3 and compared with esxperiment and with
pure HF + centrifugal term.
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fig. 3: Ground state rotational band of e, Experimen-

tal values, ATDHF calculation with BKN interaction {a=l)
and with modified force (a=0.25) are compared. The re-
sults obtained with “YNe HF ground state plus centrifu-
gal term are also given.

The agreement for the 27—, 4%. amd 6"-state is reason-
able. The 8 however has no longer & rotatienal struc-
ture, S0 we cannot find agreement for this state with

experiment.

The elastic differential scattering cress sections for
o on 180 are shown in Fig. 4. The upper part shows the
comparison experiment-8KN calculations, the middle part
experiment-modified force calculations, and the lower
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Fig., 4: Differential scattering cross sections for the
elastic scattering of o on 5% for a M bombarding ener-
qy of 8.04 MeY. The experimental data  are taken from
Ref, 3 and compared with the BKN and modified force cal-
culations {e=1 and o=0,25 resp.} and with the Woods-
Saxon fit to the experimental data once with and once
without imaginary part.
part compares experiment with the Saxon-Hoods fit to the
A
experimental data2). One sees that the a-scattering data
can be reproduced without adjusting any free parameters
at least as good as the Saxon-Woods it (without imagi-
nary part). Further investigations in particular focused
on angular momentum preperties and channel coupling are
in progress.
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5.11, ATDHF Calculations with Skyrme Interaction
R. Gissler, K. Goeke, and F. Grimmer

The guantized ATDHF theoryl) allows to derive for a
given effective microsceopic interaction, the collective
path {{¢q)} associated to the lowest iarge amplitude
coilective mode, The collective path is determinad by
soiving a ¢ifferential equation in finite steps, thus
cbtaining & discrete series of states }¢qn) on the path,
Yabelled by the collective coordinate g,. In the numeri-
cal treatment we handle the Siater determinants E¢qn> by
handling the corresponding set of occupied single par-
ticle states {!waq!n),a=1,...,A}. We obtain:

'%q,nﬂ} = (1= ES)W&Q ]
with

Stogq.n> = (L-ed{Wgl1-2olig iz vy o

W, and Wy depend on the effective microscopic interac-
tion used. We use for our calcuiations the Skyrme inter-

action without as-term and a direct Coulomd force. Dif-
ferently from the commonly used interactions, as e.g.
Bonche-Koonin-Nagele force, the Wy does not vanish, and
Y, depends on an effective mass m#{r} and tha kinetic
energy density zo(?). in detail we obtain?) the usual
expression for the mean field Hamiltonian H, and for the
linear respeonse operator wl:

1
Wy = g5 3t +5-az)(%- 3+3.9)
x a4 >, ph IV -LTS S U :t\:..,Ph. IS
J(Fy =87 ({0 waqm‘waqu)-wwaq){l ey waq)u i
[+ 3

t, and t, are parameters of the Skyrme force. wgh is the
ip-1h and 1h-1p part of W, with respect to [¢q}i

The calculations have bzen parformed for the a~160 SyS-

tem using the Skyrme III force3).

/ﬁ\‘
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Fig. 1 shows the current distributions together with the
Tines of 10 % and 70 % nuclear matter density plotted
for three distances of the ions in the approaching re-
gion. -

The current J é}%ows the representation of the density
movement along the cellective path. The Figures 1 and 2
show the current distributions. The scales have been
chosen such that the x-component 1s enlarged by a tactor
of 10 tempared to the z-component, where the z-axis co-
incides witht the tc!l'sicn axis. The main and interest-
ing feature is that in the approach uhase first matter
from the halo of the system fiows into the centre, then
at sma%}er'éeparation distances the neck between the
ions grows'by flow in outward directions,
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. 2 gives simiiar resuits at configurations close to
HF-point of the 20Ne-system and in the asymptotic

ion with separate fragments.

f eparawe
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5,12, Extended Time-Dependent Mean-field Thegries from

H. Reinhardt®, ®. Baiian™ and Y, Alhassig®®¥

The time-dependent Hartree-Fock (TDHF) theory is sup-
posed to give an adeguate description of low energy nu-
clear dynamics where the two-bedy collisions are essen-
tially suppressed by the Pauii principle. In fact, nu-
merical application of the TDHF thecry reproduced satis-
factorily weli the mean-values of s.p. observables but
failed (even at Tow energies) to reproduce the data on
two-body correlations. With increasing energies the Pau-
11 principle becomes more and more ineffective in pre-
venting two-body collisions. In high energy heavy ion
reactions {E]ab/A ~ 100 MeV) two-body coilisions are so
frequent that they may lead to an almost instantaneous
thermalization of the system.

The present paper is devoted to the inclusion of the ef-
fect of two-body collisions in a mean-field descriptien.
The approach is guided by the maximum entropy principle,
according to which the system is described by a density
matrix which maximizes the entropy under the constraint
that the mean-value of the observables of the system
which are ﬁonsidered as relevant are exactly reproduced.
Combiaing the maximum entropy principle with & recentiy
developed form1) bf;fhe time-dependent projection method
for-étatistical systems, we derive several collision ex-
tended fime-dependent mean-field (ETDMF} eguations which
differ in the extent of how detaiied ihe evoiution is

describad, i.e. how many observebles of the system are

considered as relevant for its evo?utionz).

If all single particle observables are considered as
relavant one obtains an evolutien equation for the s.p.
density matrix with @ cellision term where also off-di-
agonal matrix elements of the s.p. density matrix (in
the TOHF s.p. basis) enter. This equaticn is perhaps in-
tractable for heavy ion collisions but its linearized
form is expected to describe adequately the width of gi-
ant resonances. Furthermore this equaition also serves as
a starting point to include two-body coilisions into an
adiabatic time-dependent mean field description3).

A less detailed (and, hence, more praciicable) descrip-
tion is obtainsd by considering as relevant observables
not ali the s.p. observabies of the time-dependent mean-
field description, but only the occupation number opera-
tors of the time-dependent mean-fieid s.p., states. This
yields a master equation for ihe occupation numbers,

A Further reduction of the description is achieved by
considering only the energy and the particle number as
relevant observables. The resulting set of evolution
equations may be characterized as time-dependent temper-

ature mean-field theory,

The present approach, which presents different extended
mean-field approximations from a unified viewpeint, ex-
hibits a general recipe to construct adequate but prac-
ticable extensions of the time-dependent mean-fieid the-

ory.
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ATOMIC COLLISIONS
Inner Shell lonization Processes in Asymmetric
Collision Systems

G. Baur, F. Riise]"’, and D. Trautmann®

The jonization of inmer shells in heavy particle induced
reactions is a basic process in atomic physics. This ef-
fect can be well described by semiciassical methods

using & Coulemb or a screened Coulomb trajectory for the
incoming partic?el}. In some cases it becomes important
to include the effect of the projetile-electron interac-

tion of the target eiectirons” ’3‘

tion in the wave func

Especially for the explanation of Lz-subshell alignment
ata it will be important to include higher order ef-

fects in the projectile~target interaction. This is done

in & coupled channels formulationt!.

tion of bound, high-lying states (Rydberg
number n

The excita
states) with large principal quantum
where the scaling of the cross sec-

wWas
studied in Ref. 5,

tion with n"3 could indeed be verified.

A fully guantal theory of jonization induced by neutrons
is given in Ref. &. The semiclassical limit treated by
Migda17) could be obtained as a special case. The ex-
pression for the T-matrix for this process depends on
the cn-shell neutron-target scattering amplitudes at the
energies ;.. and Ej. -4, where & = Eat*Ehipa denotes
the transferred energy. The observation and study of
this neutron induced jonization process would thus yield
interesting insight into the correlation width of the
autocorrelation function of the nuclear scatiering ma-
This may become possibie with the advent of the

intensity neutron sourcesg). In contrast to the

trix.
new high
study of time delay effects in charged particle induced
reactionsg), where an overwhalming background of ioniza-
tion processes is present in which ne nuclear reaciion
cccurs, such a problem will not exist in the neutron in-
duced ionization process.
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Excitation of Inner Shells in Collisions of
Charged Particles with Atoms

&.2.

B, Hoffmann and G. Baur

Ion-aten collisions play a significant role in plasma
physics, laser physics, physics of intersteilar media
and in many other fields.
scription of these collisions is too compliex to be

solved, therefore various approximations are appiied.
Coliisions involving many-electron ions and atoms in-

Tha general theoretical de-

o o da ramT Aas ..\ Ity i
volve, due %o the molecular effects, additional approxi-
A, oo n S LR Al A e 3
mations, whose vaiidity cannot be pi sved until the basic

assumptions are well understood. A good testing ground
for the primary approximations are collisions of charged
particles with hydrogen or hydrogen-1ike atoms.

One of the approximations which are quite often used in
jon-atom collisions is the semiclassical approximation,
where the movement of the projectile is described by a
classical trajectory, whereas the excitation process is
treated quantym mechanically. Full quantum mecnanicai
caicuiations exist up to now-only in the high energy re-
gime in terms of Born approximation or Glauber theory.

In the presenti approach the jon-atom collision is
treated fully quantum mechanically in terms of DWBA. The
DWBA connects the regimes where the Born approximation
is good with the regime where the semiclassical theory
the latter theories. Nevertheless this ODWBA approacn is
z Tirst order theory and it does not consider molecular
effects which play an important role for very low ener-

gies.
The DWBA T-matrix element for excitation of an inner
shell by a projectile with charge Z 5 is given by:
1 Ze.2 {4+
T cot] §+ fo," ) (1)
-r

where

SSUEENE é’(ﬁ).
507} 2= gy T (#) denotes the bound electron wave

rdnct1on an
-
Ly
65
denotes the Coulomb wave function of the projectile with
the appropriate boundary conditions.

Eq. (1)_Uay-be written more explicitly as:

z e2
3, {-} +}
¢ E AT NMJGR% (el ()] (ﬁ)xﬁ R (@
f i
G?f is the electronic form factor for the transition
A & neicme and W, 1s a factor absorbing all the -

angular momentum coupling ceefficients.
The ‘electronic form factor G?f is a function of the type

-& R
k (3)




where the a, and ¥, can be easily calculated wsing non-
retativistic hydrogenic electron wave functions.

In order to compute the matrix element of G?f with the
Coulomb waves, we expand the x, in partial waves. Then
one has to calculate the generalized Coulomb matrix ele-
ments, defined by:

-£R
RS [ dr in(QiR} — Fo QR ()

RA+1

For small Lk it ¥s possible to compute these inte-
grals directly in terms of Fz—functionsl). But in ateomic
physics problems one needs typically many ten fhousands
partia}'waves, which can be cajculated in finite time
only by means of recursion relations.
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Fig. l: The measured differential cross sectionz) fer
the reaction p+H{1S) p+H(2P}, Ep = 100 keV, is compared
to Coulomb-DWBA (full line), Born approximation (dashed
line}, and semiciassical theory (dotted line).
In Fig. 1 we compare the results of this approach for
the reaction p+H{1S) p+H{2P} with experimentally mea-
sured differential cross secticnsz), with Bern approxi-
mation and semiclassical theory. It can be seen that the
Born approximation drops much too fast with increasing
angie compared with experiment. The Coulomb DWBA ap-
proach outlinad above shows better agreement with ex-

periment.

At angles not too near to zero the Coulomb DWBA and
semiclassical theory agree reasonably well with each
other, despite of the fact that the Coulomb parameter n
js quite small {n = 0.5} in this case. AL angles near to
zero the semiclassical theory fails. The reason for this
phenomenon lies in the fact that in deriving the semi-
classical approximation via stationary phase methods, an
asymptotic expansion of the spherical harmonics Ykmfﬁ;q)
was used, which is valid enly for L?greater than some

finite .
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7. ASTROPHYSICS
7.1, Electron Capture in Steilar Collapse

J. Coogerstein+ and J. Wambach

The center of a large star becomes dynamically unstable
when it exhausts 1ts nuclear fusfon fuels. The mass of
the ashes of the most sirongly bound Fe peak nuciei
grows larger than that which electron degeneracy pres-
sure is able to support. Triggersd by endothermic photo-

disintegration, catastrophic implosion ensues on a time-
scale of milliseconds, to be reversed only when the cen-
ter surpasses nuclear matter density. The ability of the

e
shock wave produced at the edge of the central core to
succeessfully expell the outer regions of the star is
extremely sensitive to the core's profile during the fi-
nal collapse stages. The two most important quantities
are the number of leptons per nucleon Y, and the entropy
S as was first pointed out by Bethe et ai.l). It has
been demonstrated that a high lepton fraction and low

entropy are essential if the shock is fo succeed.

Both Y, and $ change during the collapse entirely due to
electron capture and neutrino interactions because the
weak interaction processes are not equilibrated on the
collapse timescale. Neutrinos are emitted after captur
of relativistically degenerate elecirons from the few
free protons present in the infalling matter

pre” > ntv, {1a)
or after neutronization of heavy nuclei wia
(N,2)e” » {N+1,2-1) * v, {ib)

Therefore the complete caplure rate dYe/dt = ?e will be
given by two pieces

(2}

where the first arises from the protons dripped out of
heavy nucle! and the second fncludes contributions from
all of the heavy nuclei according to their abundances.
The relative abundances are thermodynamically prescribed
with the assumption of nuclear statistical equilibrium
with a distribution function derived from a liquid drop

2)

model eguation of state®’ as

s(R)/8, = expl- Yo ((A-A_1)/(s, 7] (3a)

Ao = 1/:21"jsur'f/l“"CcJ|_z1 (36}
and

oy = Ay 7 3T/, A2 (3¢)

W= 2s0(z/a)f [1-(z/m)? (3d)

“surf
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Fig. 1: Mass number A, number of neutrons N and number

of protons 7 for the mean nucleus as a function of mat-
ter density. The full and dash-dotted lines correspond
to two different assumptions about the capture rates.

Here A, denctes the mean nucleus, Wgy ¢ and Moo 1 the
surface and Coulomb energies, Z the nuclear charge and T
the temperature. The evolution of A,N,Z with matter den-
sity p are depicted in Fig. 1. With ¢{A)} the total e~
in the extremely relativ-

from heavy nuclei

capiure rate moneavy nu

istic Timit is given by
¥, 0=
H

e = [ 881/ (egen) | z.f dey Gleg.e i T)agslA,e03T) (4)
ki

where G is the lepton-neutrino phase space factor and
Tyt the total e”-capture cross section from state i %o
state f for nucleus A. Q;7 denotes the (-value of the
reaction.

it t T S S N

[

0‘3 1 A 1

1plo 1ottt

plgscm?]

Fig. 2: Density dependance of the entropy $ and the
electron fraction per baryon Y. The dashed line in-
cludes capture from free protons only, while the dash-
dotted and full Tines include capture from heavy nuclei
as well with two different assumptions about the rates.

The %otal cross section %5t contains Gamow-Teller (GT)
contribution arising from thermal unblocking mechanisms
in the nuclear ground state and proceeds energetically
mainly bemeath the T=0 threshold, as well as parity for-
biddern contributions particularly the 27 “unique forbid-
den" transitions. Those are generally of comparabie
strength to the unblocked aliowed transitions. ke have
calcu]ated3) Fig for each A in & finite temperature nu-
clear single particie model and evaluated ?EH {eq. 4).




Fixing the inftial conditions at the beginning of the

collapse the evolution of the entropy S and Ya have then
been traced in a one zone hydrodynamical colliapse model.
The results are given in Fig. 2. They indicate that the
electron fraction at neutrinoc irapping densities is not
much reduced from its initial value. In contrast to pre-

mardad
H

vious work, the entropy s shown tri-
no cooling from below threshold GT-transitions as well
as free protons. Heating from "forbidden transitions”
above thresheold capture cannot compensate for this. The
small amount of e™-capture and entropy decrease are use-

ful 1in producing successful supernova explosicns.
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Tf1,  SOLAR ENERGY

8.1, Solar Heating Plant at Mount Zugspitze
H.J. Stein, M. Kdhnen

The German Federal Pest has installed a new radio trans-
mission station at Mount Zugspitze/Garmisch. The service
building of this station has been equipped with a solar
heating p]ant.l) We have overtaken the task of monitor-
ing the solar system, in order to get reliable data on
system performance as a basis for an optimum operational
strategy and possible technical improvements. ‘

The construction housing the telecommunication systems
consists of a weather protecting cover made of aluminium
under wnich the well-insuiated windowless service build-
ing is located. Plastic windows are integrated into the
aluminium cover. Behind the piastic windows single~glazed
sotar collector modules have been placed, Fig. 1. The
entire soiar heating system consists of an array of 48
cotlectors (field aperture area 53 mz), two storage
vessels {2,35 m3 each), and an electrically driven heat
pump {3 to & kW driving power). The whole system is

5 Thon P
S EER

Fig. 1: Solar heating plant in service building of the
Zugspitze radic transmission station,

filled with antifreeze 70% giyccl/30% water. The heating
system of the building is based on air ventilation in-
cluding regenerative heat exchanging with fresh air.
Back up energy is delivered via electric resistor
heaters in the ventiiation system. Electric resistor
heating in the storage using low tariff electricity is
also applied. The sclar system has two operating modes,
Fig. 2.

i) above 30 °c storage temperature heat is directly fed
into the air ventilation system,

ii) below 40 OC the heat pump is switched on, operating
down to a storage temperature of -5 .

Data taking for monitoring the solar system is per-

formed in & twofold way,

1} A1l energy fluxes as solar radiation, heat from the
coilector fieid, the storage, and the heat pump, as
well as the various electric energy inputs are meas-
ured by appropriate sensors and transmitted to numer-
ical registers centrally piaced in a telltaie board
showing the energy fluxes in the system. Readings

are automatically photographed every day before mid-

night.

i1} .In parailel, these energy fluxes are also recorded
by a speciaily developed computer-based data acqui-
~ sition system which records also temperatures and
'system status information. Data are integrated every

"'J:_lo.minutes_or hourly, stored on flexibie disk, and

'hetrieved weekly by mailing the flexible disk, and/or
 dai}y by telephone communication to a central comput-
er at the KFA Jilich.

The solar system together with the energy counters has
been in full operation since beginning of April 1982.
The computer system for data taking has been coperating
since end of June 1982. Yearly performance data were ex-
pected to be promising due tc the fact that in an alti-
tude of 2964 m there is a heating load alsc during the

Fig. 2: Scheme of the solar heating system with basic
instrumentation.

summer months and a high solay radiation input all over
the year. Data based on the daily photoaraphed energy
fiux measurements gave 40 % savings in the period from
April to October 1982, Fig. 3. In the foliowing winter
time a dramatic reduction in system performance was ob-
served, Analysing the high'time resolution computer data
the reason was found fto be a malfunction of fluid dy-
namics and regulation related to the twin storage system.
As a conseguence the storage temperatures were always too
high causing high losses of electrically generated heat
and jow collector efficiencies. Since the simple repair
of these defects in February 1983 the system has been
operating properly. From the available data, Fig. 3, it
can ba concluded that the plant has the potential of 35-
40 % year-long savings.
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Fig. 3: Result of energy balance measurements of the solar heating plant Mount Zugspitze in the period from April 4, 1982
to Jan. 5, 1984. The nlot shows the mean daily heating load over approximately monthly periods. Substracted from the heat-
ing load are back up heating energy f==md . heat pump compressor erergy , auxiliary energy B5RERE, stored electrical
energy EESS ., and coliector heat output 3. The numbers below give the incident solar energy available within the
weather protecting cover related to 53 m3 collector aperture area. The white bars above zero define the savings relative
to 100 % electrical heating. Values below zerc describe system losses, mainiy due to thermal losses of the storage.
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8.2. Methodical Developments in Selar Coliector Testing

J.=D. Witt, P. Schmidt, H.J. Stein

Due to heat capacity effects standard test procedures
Tike DIN 4757/4 or ASHRAE 93-77 reguire steady state
conditions for the solar irradiaticn £ in order to deter-
mine the instantaneous efficiency % of a solar collector.
The time perieds for outdoor tests are, therefore, re-
stricted to clear sunny days which do not cccur very

often under middle European weather conditions.

Our attempt to overcome th
the collector heat output Q and the solar jrradiation E
over time periods whicn are lenger than the heat capacity

time constant of the collector.

ts
s tz“tl ‘{ WAt
tl
£ = tzftl _{? £ dt
T i
7= WE
i = mass flow rate
C = gpecific heat capacity of the collecter fiuid
3ﬁ = collector inlet temperature
zjé = collector cutlet temperature
t1/2 = start/stop time of the integraticn period

Since m and b% are held constant by the test Toop only
the cutlet temperature b} fluctuates when the solar irra-
diation is a Tlucnuatnng function with time. Choosing
appropriate time marks for stari and stop of the inte-
gration, i.e. the measurad temperature difference zglzf'
has to be the same at the beginning and the end of the
integration period, heat capacity effects can be mini-
mized alresady within integration times of less than one

hour.

This method was successfully applied with a bilaterally
operated collector test Toop at the University of Ljubl-
jana/Yugoslavia. Based on an agresment befween the KFA
Jiilich and the University of Ljubljana, the Institute for
Mechanical Engineering at Liubliana ) was equipped with

a versatile test unit usable Tor absolute and comparative
tests of two collectors, Fig., 1. The eguipment for this
test unit corresponds to the standard IKP test stand con-
S1sting of a oop for series cosnection of two collectors,
a thermostat to stabilize and regulate collector inle
temperatures, electronics comprizing PT 100 Abﬁémpli—
fiers, electronic integrators for a2/ and € signals, and

a multi-channel strip chart recorder. Two flat plate col-
tectors were comparatively tested cutdoors, i.e. the
efficiency curves for both collectors were determined

simultaneously under the same climatic conditions.

Collector 1: single glazed, black paint absorber,
aluminium roltlbond absorber, commercially

available in Germany.

Collector Z: single glazed, special absorber structure
similar teo the construction of heat ex-
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Fig., 1: Comparative collecter test loop at University of
LjubTjana equipped with electronic Tntegrators for the
precise determination of the mean values of collector
heat output and solsr radiation input.

changers for air conditiening units, Yugo-
slavian prototype for commercial solar water

heaters.

Measured data points and fitted efficiency curves are
shown in Fig. 2. The measurements were done in only two
days of bright sunshine by moving the test loop accord-
ing to the location of the sun. Data scattering is much
smaller as compared to earlier measurements under simi-
lar conditions. The advantage of electronically deter-

-

mined mean values of Q and £ is c¢learly demonstrated.

A second possidility to prove the technical quality and
the methodical advantages of the KFA-IKP collector test
unit has been the temporary use of our original fest

loop at the Nuclear Research Center Demckritos in Athens,
Greece. Here, Greek authorities have started activities
to build up a national solar energy test center. Qur task
is to give technical support to our colleagues at Demo-
kritosz). Two commercially available flat plate coliec-
tors have already been tested in late 1983, Fig. 3.

e EFFICIENCY
oj;k\ =938 win?
b= Wb mis
0.6 4
toilector 1
0.4
0.2 4 collector 2
[}'ﬂ T T T T T T T T T T T T T 1
G 20 40 s0 & 100 120 140
' {9, ¥ l/8
Kem2rgw

Fig. 2: Efficiency versus reduced temperature of two
collectors comparatively tested following the rules of
ASHRAE 93-77. Ljublijana, Sept. 26-27, 1983.




Fig. 3: The KFA-IKP éo?]ector test unit instalied at the
NRC Demokritos in Athens.

Collector 1: double plastic cover, black altuminium
absorber with integrated stainless steel

tubing.

Collector 2: single glazed, selective stainless steel

absorber of the two sheet type.

Due te very bad weather at the time of the tests only a
few efficiency points could be measured. Therefeore, the
method of additional heat loss measurements according to
DIN 4757/4 was applied in order to get the total effi-
ciency curve. The heat lcss measurements were performed
cvernight under cioud covered sky. It is weli-known that
outdoor heat less curves may be paraliel shifted into

the direction of higher losses caused by long wave at-
mospheric radiatien effects. This was also observed here,
Fig. 4. The correct heat 10ss curve is cbtained by shift-
ing the measured curve downwards until it crosses the
zere point. Fig. 5 shows the efficiency curves of both
collectors constructed from the near'?% values and the
heat loss data assuming solar jrradiations of 600 and
1000 w/mz. It is interesting to note that both coliectors
have the same effective heat loss coefficient. The effi-
ciency of collector 2 is higher at all cperating condi-
tions due to a better conversion factor. Resulis of col-
tector 1 do compare very well with eariier measurements
at Jiilich.
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Fig. 4: Collector
measured cutdoors
parailtel shift of
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Fig. 5: Efficiency versus reduced temperature of two
collectors comparatively tested following the rules of
DIN 4757/4. Athens, Nov, 23-24, 1983.
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8.3._ Bitateral Cooperation in the Field of Collector

'_:Testjng
B, Sack, A.J. Stein

A simpie -test loop for comparative testingl) of thermal
performanceLbf éo?ar collectors was developed at KFA
JUlich-and. donated ‘to pariner-institutions in several
of the Third World. The aim of this project
funded by the German Minister for Research and Techno-
Eogyz) is to contribute to the development of the fech-
nical infrastructure of testing laboratories in these
countries. Participating laboratories are today:

countries

Universidade Federal da Paraiba, UFPb, Joao Pessoa,
Brasil,

Universidade Federal do Rio Grande do Sul, UFRGS,
Porto Alegre, Brasil,

Egyptian Electricity Authority, EEA, Cairo, Egypt,
SEDUE - Coordinagicn Administrativa v de Apoyo, La
Paz, Mexice

Faculty of Electrical

Yugeoslavia.

Enaineering
wnginecring,

Based on practical experiences during the running time
of the project, severai medifications and improvements
of measuring techniques and methodical procedures are
underway. Since in a2 comparative test using & reference

]

o

L

£~

__Referencoraiecior

Y TestolieziorNod

Tean eraturedifference

Results of Comparafive Coliecior Testing 4
UFRGS / Porto Alegre -BRASIL  Feb.1983
7 Elgw Rote- 60 énfh
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Fig. 1: Test loop instailation at the University of
Porto Alegre/Brasil, Febr. 1983, and results of compara-
tive coliector testing

- reference colliector, black paint, single glass cover,
- test collector 1, black paint, double cover (acrylic)

collector the temperature-difference of collector outlet
and -inlet temperatures is the remaining tritica? source
of measuring errors,-érecise PTfiDO-temperature sensors
{(1/10.0f ‘DIN étandards) and electronic temperature dif-
ference amplifiers have been intrqduced.'Inst§11ations
of -the-test  loops ét the partner institutes and Compara-
tive test:fes_u]ts_hsing ~the "improved éccuracy-o_f: é%— ’
measgrementsf&re shqwn:ﬁn Eigs,'lzthrough 4.

Using calibrated fnstruments-for'the solar radiation and
the mass flow rate.it is then also possible to determine
col}ectqr'thermal berformaﬂCE'élong the recommendations
of -internationally accepted standards. However, test
runs-are still restricted to days with excellent weather
conditions. In the next step the thermal loop of the test
stand will be replaced by a newly developed apparatus
which guarantees very stable coliector inlet temperatures
also under fluctusting solar radiation condition53 This
will make possible the application of the "integration
method"d) which will considerably enhance the availabi-
Tity of testing time. Additional equipment necessary for
this purpose, like electronic integrators for tempera-
ture difference and pyranometer signais als well as a
pyranometer for determining the diffuse fraction of the
solar radiation is already in use in most of the parti-

cipating labcratories,

T - ¥ v 1 v :
<fe| 1
o’ .
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oy
&l :
1)
L
=
& o5f 1
e
o
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£ Refarencetoliecbor
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2k Results of Comparative Coltector Testing B
UFPh ! Joao Pessoa- BRASIL Feb.1983
1r Flow Rate: 80 dn'm
Wind Speed- 0foZ mA
o . . : 2 1 \
0 % ) 0 M50, 60 0 z
Reduced Temperaiure ;é;“,

Fig. 2: Test loop instaliation at the University of Joao
Pessoa/Brasil, Feb. 1983, and results of comparative
collector testing

- reference cellector, black paint, single glass cover,
- test collector 1, black paint. double glass cover.
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Fig. 3: Instailation of the test loop at the Solar Labo-

7
Resutts of Comparative Collector Testing
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Fig. 4: Instatlation of the test loop at the High Voltage

ratory La Paz/Mexico, April 1983, and results of compara- [aboratory/EEA, Cairo/Egypt, Nov. 1983, and results of

tive coliector testing

- reference collector, black paint, singie glass cover.

- test collector 1, plastic collector (complete}, single
cover- (acrylic},

- test collector 2, Mexican collector, black paint,
single glass. cover.
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comparative collector testing

- reference collector, black paint, single glass cover,
- test collector 1, selective, single glass cover,

- test collector 2,-black paint, single glass cover.
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8.4. Testing of a Solar Air Heating Collector
T. Zgkorn

A test loop for measuring the efficiency of an industrial-
1y manufactured solar air heater was constructed at the
collector test field of the IKP. The joop has been opera-
tional since June 1983. The collector consisis of hollow-
bodied plastic panels. The lower absorbing side is made of
black, the upper side is made of transparent polycarbonate
material, Fig. 1. Simultaneousiy the collector can serve
as roofing for buiidings. This solar air heater has been
designed for heat pump applications or preheating domestic
hot water. In.both applications the collector will be used
in an open cycle. With the ambient air temperature always
being the inlet temperature, the collector works at low
temperature levels with smail thermal Tosses.

172 y

20 vl

L2,

40

&, o

Fig. 1: Cross sectional view of an element of the air
heating collector consisting of holiow bodied plastic
panels. Dimensions in mm.

Aén

| ’-@ |
Nm— W[ ]
Ly L

Fig. 2: Scheme of the test loop.

Therefore, the test loop, Fig. 2. has been designed as
open loop in order to obtain test data under similar
cperating conditions as in practice. Lalorimetric measure-
ments of the useful energy output of a 10 m2 cotlector
module were carried out simuitaneously with the recording
of relevant meteorological data. Using the data acguisi-
tion system MADAS the following data are registered:

Collector loop:

12 = inlet temperaiure
;2 = gytiet temperature
Ap = pressure toss at the orifice plate of the air

flow meter
temperature behind the orifice plate

g

Meteorology:

Qj;,d = dry bulb air temperature

,J;’w = wet bulb air temperature

E = global solar radiation in the piane of the
. collector .

Ed = diffuse soiar radiation
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w = wind speed

Py = ambient air pressure

Based on a sampling rate of 1/20 s, 10~minutes mean
values are directly computed by the data acquisition
system. The useful heat output éu of the collector is
calculated with the following equations:

‘_Ii ) )
Qu - I Cp,l+x{1z 225’ S lex T Cp,a * X cp,v

- dz
il =°<’€T ZA.DS'[

m = mass flow rate

&L = flow rate number

& = f(q?}) expansion factor

d = diameter of the orifice plate

?1 = air density at the location of the orifice plate
X = absolute humidity

Cp,a = specific heat of air

Cp,v = specific heat of water vapour

The efficiency written in usual terms as

Vo

N
"Z’ﬁ’/?o keﬁ‘E

was determined with values of E>750 W/m2 and specific
mass flow rates between 20 and 80 kg/hmz. Since the spe-
cific heat capacity of air and the applied mass flow
rates are relatively low, it is advisable to use the

logarithmic mean temperature

1oa™%
oSl b -

stag PR
. o
with stag —2j; = E;¥¥E
Ak
and X = 7——gf£
ey

The experimental data are best fitted with'?% = 0.75 and
keff = 13.3 N/mzK. For practical purposes it is useful to
plot the efficiency as a function of the specific mass
flow rate, Fig. 3.

7-7, -
T Lo X
7 1is independent of E as long as kefF can be assumed to

be constant. Considering the small range of operating
temperatures, 0<¢ e~ VZ}<:50 %, this simplified charac-
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Fig. 3: Efficiency of the open locp air heating coilec-
tor as a function of the specific mass flow rate.




8.5. Results of IEA-Task III Outdoor and Indoor Pyranometer Comparison

P. Admbrosetti®, H.E.B. Andersson®®, (. Frohlich®®* H.D, Talarek

Five groups of pyranometers were investigated both atbration Coret
. . . . Pyranometer fnstrument aiibration Constants
indoors and outdoors. Calibration constants, day- Mimmmumr Type b e i ey A )
. . . {Manciactorert | (WRC Davos 81) T3 T3 L7 %, TyiTiaTiaTid i s
long variability, tilt and seascnal effects were -
EKO STAR 81801 524 12
studied. Full characterization in laboratory was EXO STAR| 61503 785 782
. EKG 8TAR 81905 6.89 703
also performad for all 27 instruments. EXO STAR 81907 7.25 740
ExXO STAR 81808 .61 g.82
- . - ERO STAR 81809 7.42 7.45
- The experiments were designed very much from a -
- - . N . EPPLEY P3P 14806F3 9.81 9.78
consumer's puint of view, The product in guestion EPPLEY psp | 17750E3 915 i
. - - EFPLEY PSP 18135F3 878 592
was the pyranometer. Five groups of pyrancmeters CreLeY rsb | zosears i 480
N . L. EFPLEY PSP S0524F3 10,10 71G.0%
were investigated, amounting to 27 pyrenometers EroLEY pop | soesers 1058 10
in total. With the exception of the K&Z CMS in- KIPP & ZONEN | CWs | 773656 1102 1172
- r - i KIPP & ZONEN | OM5 773992 12.62 12.18
struments most of the cther pyranometers were KPP & ZONEN | OMB | 774120 1341 12,80
2 , : . - > : _ KPP & ZONEN [ CMsS 785017 10.58 1035
essentially new. (Serial numbers are indica PP 5 ZONEN | onts | raagar 5o b
Fival
tivel) KIPP & ZONEN [CMI0| 790059 556 565
Y : : KIPP & ZONEN [CM10 810118 4.58 +.59
Manufacturers readily agreed to provide the «iPP & ZONEN |OM10] 810120 Pt P
i KIPP & ZONEN |CM10 8104214 4.66 4.62
1nstrumeﬂts " KiPP & ZONEN |CM10 810122 4.24 4.22
- i . { 3
The outdoor experiments were run at the World sTAR| 12 126 1eag
FES ; n Qi t Yand e STAR 2186 1484 1515
Radiation Center, Daves, Switzerland, provid eran| 2209 tane o
ing the necessary Horld Radiometric Reference SCHENK SiARy 2 14.18 i4.37
SCHENK STAR 2221 15.24 14.87

{WRR) on site.

Indoor measurements to characterize the pyra- Table 1: Comparison of calibration constants (m/kkm =)

nometers were conducted at Statems Provningsanstalt, We found best agreement for the new CMLO and P3P. The
Boras, Sweden, providing the necessary fully auto- systematic bias of the CMBs is now widely recognized.
matized fest equipment to cope with the extensive b
auip P - Short term values and dav-long variability of pyranometers
measurements. c s PR s - L , s
sensitivity are of prime interest for testing and moniter-
The study was performed as part of the IEA Solar Heating ing purpeses (Fig. 1 and Fig. 2}
and Cooling Program, Task III: Performance Testing of 1. 05 —
© 25523 A 177500 4 20855 X 20824

Soiar Coilectors.

With respect to the outdoor tests in Davos, Switzerland,

a special set-up was required because of the large num-

ber of instruments: two bars of 5 m length were con-

structed and mounted on supports that allowed the in-

struments to be tilted towards the scuth. Four individ- \ 00
ual mounts were designed for the moving shadow bar pyra-

nometers., An absolute radiometer PMOZ2 {used as the World

Radiometric Reference) measured the direct radiation.

Other meteorological parameters were also recorded. The

entire system was connected to a sophisticated data ac-
quisition unit that recorded all data including the mean EZF)F)L_Ei\f
. . Local Time
of ten l-second integrals read over a minute. The data 5. 95 ; . . § .
. . 8.00 10,65 12,59 14,00 18.00 18,89
analysis was performed on a CDC mainframe computer. Data . . . .
: . Fig. 1: Calibration constants, relative performance
were collected for more than 130 hours over a wide range -
eos . ; . 1. 05
of weather condition during summner and winter with the : . - PR, +ainias X g1013n
~ISUUD S Coldise TOiUled LR = SE3 P4V

pyranomaters in both horizental and tiited positions.

For selected clear days, an absolute reference was
available - that is the sum of the direct component L
measured with the PM02 plus the diffuse component meas-

ured by the shaded pyranometer. For days with less fa-

vourable sky conditions, the arithmetic mean value of 1.00
four instruments {2 Eppley PSP and 2 K&Z CML0) was used

as a reference. The selection of these instruments was

made on grounds of clear day performance.

Concerning the comparison of menufacturers and our cali- F( f\Zf [:?4 1 [}

bration constants we first checked the calibration con~-

stants guoted by the manufacturers at standard calibra- 055 Locai Time
7 son 15,59 12.00 %00 16,00 18,09

“tion conditions, i.e, high irradiance, horizontal posi-

tion , small incidence angle. (Table 1} Fig. 2: Calibration constants, relative performance
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The standard methods of testing the thermal performance
of solar collectors reguire the same meteorciogical con-
ditions as that for the pyranometer calibrations uniess
the collectors are tested in the tilted position. A pos-
sible sensitivity change of the pyranometer under in-
clined exposure is thus eof major concern in collector
testing applications. Tilt effects were, therefore,
studied. The (MIQ, PSP and Swissteco 4id not show any
appreciable change of sensitivity when the nstruments
were tilted, whereas the CM5, EKO and Schenk revealed a
decrease of sensitivity.

The characterization of pyranometers took place in Boras,
Sweden. Pyranometers of the thermgelectric type are de-
signed to respond to shori wave radiation. This sensi-
tivity is cross correlated with interfering sensitivities
of 2 number of parameters which are assumed to have a
small combined effect on the instrument's performance.
Many of these interfering sensitivities can be investi-
gated by laboratory experiments which are designed to
isplate a particular feature. Among those parameters
which affect their sensitivity we find a number which
are amenable to indoor measurements:

- the effect of tilt from the herizontal position (tilt
effect)

- the effect of the intensity of solar radiation
(daviation from the expected 1inear response,
linearity)

- spectral distribution of the light source and the

response of the instrument (speciral response)

- the temperature of the instrument body or tha ambient
air {temperature coefficient)

- the effect of transient irradiance and thermal shock
(time constant)

- the effect of the angle of the incident solar radi-
ation {azimuth and altitude, cosine error)

Results from the laboratory testing: the results of the
temperature effects were encouraging. As found also by
Divmhirn {1979): the temperature effect was typical for

a type or a group of instrument, the only exception being
the EKO-star instruments where each instrument has its
individual temperature coefficient.

The groups of K& CMb, Schenk Star and Swissteco instru-
ments showed a3 "natural” temperature coefficient while
the 5ther groups of instruments (K& CM1G, Eppley PSP)
might be classified as slightly overcompensated.

The response of the instruments with respect to varying
level of irradiance was linear to a very good degree
(+ 1 %). For the group of Eppley PSP, no deviations from
a linear response couid be observed.

The effect of tilt is most relevant for the application
of pyranometers to solar coilector testing purposes. The
£i1t effect is obviously cross-correlated witn the jevel
of irradiance. Three groups of instruments did not show
any tiit effect: K&Z CM10, Eppley PSP, Swissteco. The
K&Z CM5, the Schenk and EK0 star instruments showed a
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tilt effect of comparable magnitude. It should be noted
that these findings agree well with the cutdoor investi-

gations.

The directional response is rather unique to the instru-
ment. However, all instruments showed a marked deviation
from the ideal cosines response for angies of incidence

e 0
greater than 60°.

The intercomparison of indoor and outdoor resuits showed
a remarkable correspondence betweén indoor character-
ization and outdeor performance of the pyranometers,
However, this was usually only qualitative. The devi-
ations found for some instruments could not be quanti-
tatively accounted for by correction derived from indoor

data.

We would not recommend use of pyranometers which show a
tilt dependence. However, an instrument which is known
to be tilt sensitive should be caiibrated in a tiited
position on the test site.

From our resuits, we would recommend that the Eppiey PSP
and the K&Z CM1D should be used for testing applications.
The best instruments also demonstrated variability from
summer to winter in typical test situations (clear sky)
by + 1 - 2 %. To account for the uncertainties of the
calibration procedure, we claim an overall accuracy of

+ 2.5 to + 3 % for the measurement of global radiation
under test condition for solar coilectors.

Further investigators should strive to characterize the
day-long performance of the pyrancmeter under study
during a typical catlibration day {referenced to a direct

and diffuse measurement).
In addition, the following variables should be studied

in the laboratory:

- temperature coefficient

- tilt effect (at different level of irradiance)

- the effect of irradiance level (linsarity)

We do not recommend cosine measurements because of the
present uncertainty associated with measurement tech-

nique.
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IV, TECHNICAL DEVELOPMENT
9, ISOCHRONOUS CYCLOTRON

9.1. Cyclotron Operation and Improvement

H.G. Bdge, W. Briutigam, H. Bovech, E. Brings,
.y o - # o _
B. Pledler, H.L. Hagedoorw , H. Fodamek, I. Janna—

kos, H. Lowin, J. Reich, A. Retsz, K. Fotert,

G. Sehlienkamp, H. Schwan, P. Wucherer

In 1983 the cyclotron JULIC was in operation for 43 weeks.
The scheduled annual shut down time in the summer of nor-
mally 6 weeks had to be extended to 8 weeks because of
two reasons: As there wes an increasing demand for high
intensity analysed beams at the magnetic specircgraph

BIG KARL the cyclotron had to be operated over iong times
with high internal beam power. Because of the related ra-
diation problems the maintenance and repair activities at
the cyclotron could only be started after a delay of more
than two weeks. Simultanecusiy a main transformer had te
be exchanged against a bigger type to provide the power
for the components of the ISIS-project. Therefore, essen-
tial equipment of the building was not available during
this pericd. The beam time distributicn for 1983 is given
in table 1.

Cyclotron tuning and

beam handling 480 h 6.8 %
| Beam_on target _________ . ____ 4527 b 82.6 % _. ]
_Beam_time_for experimenis ____ 5017 b 62.4 % ___|
Beam development

testing new components 671 h 3.3 %
CYCLOTRON OPERATIONAL 5688 h 78.7 %
SCHEDULED MAINTENANCE 213 h 2.9 %
SYSTEM FAILURES 1328 h 8.4 %
SCHEDULED OPERATING TIME 7229 h 100.0 %

BEAM TIME DISTRIBUTICN

Guest scienfists 745 h 14.8 %
(#.Born, U,Hamburg, Y.KoIn,

U.Krakau, U.Mainz, U.Minster,

U.Tibingen,. 8SI Darmstadt)

Seientist of KFA

excluding IKP 575 h 11.5 %
{ICH1-IME,-IRA}

Scientists of IKP 3697 k 73.7 %
BEAM TIME FOR EXPERIMENTS 5017 h 160.0 %

Tahle 1: Cyclotron time distribution in 1983.

Besides the routine operation and maintenance some modifi-
cations and improvements have been realized.

Several water leaks mainly at the tuning plates of the RF
system caused severe vacuum problems. Even if the inner
surfaces of the water channels in the aluminium plates of

all dees have been coated with epoxy rersin some years ago,
it could not be expected, that the corrosion was completely

stopped by this measure. New elements consisting of copper
plated aluminium sheet metal with soft soldered copper
tubes were prefabricated as far as possible. The total
variety ‘of parts is available since spring 1983. So we
could keep the losses in beam time short by exchanging the
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corroded elements subsequently against new devices. Spe-
¢ial care had to be taken to operate old aluminium and new
copper parts in one cooling circuit. To avoid possible
corrosion probiems the copper tubes are coated with epoxy
resin  too, up to the date the accelerating systems con-
sists entirely of plates with copper water tubes. - The
complete exchange is planned for the annual shut down
period 1984.

The modification of the beam line vacuum system is on the
way. A first set of six new turbomolecular pumps is in
operation since the 1983 shut down period. Pumps and the
associated measuring and control equipmert perform well,
The subsequent exchange of another 10,..12 pumps has to

be carried on.

A protection circuit for the septum was developed and in-
stailed. Even if a septum completely made of tungsten
wires i1s used, which can stand approximately 3 kW in-
ternal beam power (instead of 1 kW with a septum of tung-
sten sheet metal} it is necessary to have a rapid beam
switch off when working at the upper limits. Signals from
the phase probes are used to étop the bheam in the center

vegion when the current becomes excessive.

Some measurements at the cyclotron beam were done to
study the correlations between instabilities of important
cyclotron parameters and external beam quality. These in-
vestigations have to be continued in order to define the
stabjlity of the Dee voltage and the frequency needed for
a good and reproducibie beam guality from the cyclotron.
First tests proved that the acceieration ©
ions in Sw-mocde of cperation of the cyclotron is possible.
Deuteron beams of 8 MeV could be successfully extracted
from the cyclotron with intensities of up to 100 nA (see

also chapter 9.6},

Besides these activities related to the operation of the
cyclotron the major part of work was dedicated to the
realisation of the project ISIS {see chapter 9.3).

*Eindhoven University of Technelogy, Netherlands




g.?2. Measurement of Transfer Coefficients and Improve-

ments in the Beam Handling System
M. Rogge, J. Retch, L. Zewmido, J.G.M. Rimar,

_ % i ; .
Berg, H. Hagedoorn , G. Hilasatech, H. Lawin,

w1

. MeiBburger, ¥W. Celert, G. Biepe, P. V. Eosgsen,

B 0%

. Protié, M.D. Trivedi, P. Tursk

. . - 1
The measurement of the beam line properties was continued )
with a two dimensicnal position-sensitive Si-detector with
improved spatial resolution. The center of gravity could

he determined with an accuracy of about 0005 mm. A thick
-~
i

foil at the entrance slit DS {Fig. 1) the monochroma-

tor was used to become independent of changing cyclotron
beam properties. Essentially the dispersive plane (x-co-
ordinate} was investigated.

D
AQ2Z

i

AM1 S AS 2 =
SX2 &5
o7 SX1 N

AM2

[A]

Figure 1: Double monochromator system with the arrange-
ment of quadrupoles (AQ),; sextupoles {SX} and slits (DS,
AS, IS},

The measurements allowed to improve the beamline mainty

in two peints:

1. The monochromator was adjusted to second order for fo-
cussing from DSI to DSZ2 in the horizontal plane as
shown in fig. 2, The achieved accurary was
Ax(@in) = 0.15 mm. Here Ax(ein} means the shift of
the center of gravity of a pencil beam within the wor-
king range of gin = = b mrad.

The measured second order aberration was simulated in

the calculations by thin identical sextupcle lenses at
the entrance of the dipole AM1 and the exit of AMZ,
The upper part of fig, 2 shows the original situation.
The measured points correspond to centers of gravity
of a typically 0.5 mm wide beam spot. The background
is calculated with the simulated sextupoles only. In
the middle part second order effects are compensated
by the sextupoies SX1 and $X2 in calculation and
measurement. The Tower part shows the result of first
and second order Tinal adjusiment for energies corres-
ponding to Bp-values of 6%8, 1590, 1813 kG-cm, respec-
tively. (In the E_ = 23 MeV-curve the effect of a small
deadjustion of the Bp-values of the dipoles AMI/AM? is
demonstrated.) The strong deviations from the design
values can thus be explained by inharent quadrupele and
sextupole components, but their origin cannot be loca-
lized by the position of simulated lenses in ?URTLEZ)-
catculations.

There is still one free parameter in the sextupole and
guadrupole-settings of the monochromator, corresponding
to a not measured image at IS. Concerning the second or-
der focussing all sextupole fields which follow the rela-~
tion

B(SX1} + B(SX2) = C; C = -0.8-(Bp/2000}
give the same quality of the focus at DS2 for a B(SK1} va-
riation from 0 to 100 % of € in the measured Be-range. A
similar formula holds for first order focussing and all
Bo-values up to the region of saturation. Both relations
have been measured to be valid with the same precision
Ax(@in) = 0.15 mm.
For the formerly used settings of the sextupoles the con-
stant C was practically zero. This expiains that almost nc
change was seen befcrel), if the field strength of SX1
and SXZ was varied simultanecusly from 0 to 600 % of the

calcuiated value.

Kou.z- (m m)

!
L~
¥

—frean g EP=Z5ﬂ€V
! e g =ILO MeV
age-ge Egw 172 MeyY

81 {mved)

Figure 2: Stepwise “improvement in adjustmeyt of monochro-
mator focussing in comparison with TURTLEZ/ calculations

.in the background, 8y, = entrance angle of the beam at
‘DS1, ¥Xgyt = exit position of the beam at DSZ2.

- 120 = ...




Xiem) Xilem)

-0,500 - 000 500 Tot -0.500 -0.250 0.000 0.250 0.500 Totals
0_5_;%..-‘..,,55?§Qﬁ..__Qu.---..--92._--..-5%4o1__f{9}§_ ;x544-2z———xx—-—sv--—ss—--#x‘-—az-—-a*———sxi-————-;-
1 i 3 I H o
I [ s H 1 0
z S P
H 1
: LI S r o
H g : H 2
i B 2 ! i 5
= 1 i H ! X 3
£ 3 I & ! 1 I
Wl E [ H 2146 z 1%
g 5, PR 2300, P
> 1 7ie I 133 H 2451CYTOCE S 168
H MESH T 224 I 18DSUY SSGRKHC I 23%
I Liic I 200 1 3 AGRLYSCILPLKAZ I 29
i FESY E 274 H EZEJSSVROSYLTKS I 248
H UEsy I 27c 1 EENNSTYVSIVKCY I 338
I Pids b4 415 T SEMNMBXXFXMTESE I IED
0= Yais i 352 1 SHNLOSYSLTYLGE 1 338
E XEHR z a7s 1 £GYLUPRCOUYTCHET I 33e
4 [N i 3s6 1 CFECOYVYRUIMES i 303
H H = 1 282 H 1EELAVWORXTIAZ H 272
b SRR H 223 i SCHORZVSARGI: H 245
1 ekEs i 157 i CLGHELPOTS I 187
I 1Esde I 72 I SJKMITTY I 100
1 6F 1 I 22 H IDGHABL I &4
1 ‘i g T $331 4 18
1 1 2 1 H 2
H £ H H
i : C i 3
1 H o I 1 ¢
I t o H 1 0
1 H 0 I : o
i i 1 i 3
1 H 3 H I ]
5 LA P
-G, 5...51*v---me:--—:m——a:a---*»---n--—as-_-u‘--az: ——————— :$t,‘__‘*g___gg___s‘s._..-—é%--—?$-—~$8———39-—-*3§ ————————
i 11 i : i
é §§2§ § I 1233332335§59 i
CQRI2AIZED
i 003¢320090C00000095565C2050000000058C000 & 3759 Y 5500000000003020559E1 0726254000000000008 1 3759

Figure 3: Influence of a small turn of the second quadrupele lens before the target on the beam profile (TURTLE calcula-
t7oA5). Angle of turn around the beam axis ¢ = 0.4%. Left side: on the target, dark area represents the beam size foruy =
Right side: 10 cm behind the target.

2. A "tilting" of the image on the target was eliminated. References
After the correct first and second order focussing at 1} H.G. Bdge, W. Celert, J. Reich, G. Riepe, J.G.M.
A R Lo mastan " S Romer, M. Rogge, P. Turek, L. Zemio, IKP-Annual Re-
Ds2 Tt became evident, that the "tilt" or "blow-up" of port 1987, KER, Jil-Spez-227 (1983) 102
the image of D52 was & first order effect. It was tra- 2) K.L. Brown, Ch. Iselin, Report CERN 74-02, February
ced back to the misalignment of (at least) cne quadru- 1974

pale ip the beam iine, which was rotated around the
beam axis by only 0.4%, The extreme sensitivity to

such rotation is demonstrated in fig, 3,

At the image point the main effect is a broadening of ®Eindnoven University of Technology, Netherlands
the image changing the dispersion of the beam, [f the

field strength in one of the quadrupoles (not necessa-

rily the misaligned one) is changed by ¥ 1 % the shift

of the focus point results in an apparent "tilt" of

the image wnich easily can amount to 120°, The coup-

1ing between x and y-coordinates iransfers changes in X

to y and results in a characteristical additional

“steering”. :

A correction of the misalignment by a weak quadrupole
wnich is turned by 45° around the beam axis is in prin-
ciple possible. Here a mechanical correction Was .pre=

farred.

After these two adjustments the focussing from DS1 -7 ..
through the whole beam-line to-the target-.at the;mag-;:
netic spectrometer BX was: measured to be EER R
Ax{ein) % 0.15 mm. This is to be compared with a

0.5 mm_(monoenergetic) image of a 1 mm aperturezjn_;;f
nsi. o




9.3, Progress of ISIS

The progress of the project 15151_4) {Injektion schwerer
Ionen nach EZR-Stripping: Injection of heavy ions after
ECR-stripping) in 1983 is described for the different
subsystems (see figure 1).

1. ECR-Source

H. Beuscher, ¥. Briéll, B, Fiedler, W. Krauss-Vogi, H.-C.

Mathews, A. Retz, U. Rindflaisch

The superconducting magnet system of the ECR—sourceZ) has
been delivered in July. A coid leak in the He-tank of the
cryostate had already been detected at the factory at LNZ—
temperature., The system has been set up in JuUlich to test
the magnetic properties of the superconducting coils and
to determine the He losses to decide whether the He-tank
had to be repaired or not. The solenoid coils have been
energized to the full current without any quench supply-
ing a magnetic field required for ECR {eltectron-cyclotron-
resonance) at 18 GHz microware freguency. The training of
the hexapole has been interrupted at 80% of the fuli
current. Since the He consumption was a factor of b to 6
higher than proposed a search was started to localize the
cold leak first at the institute (IKP} and later at the
BBC factory. In the meantime the leak has been found and
repaired. If another Teak test at LNz-temperature is
successTull the magnet system will be back at the insti-
tute in the beginning of 1984.

The main vacuum chamber, which was built by the company
"Balzer Hochvakuum GmbH™, has been delivered in fall.

A first plasma stage designed for an overdense p]asma5)

and a flexible extraction system are under construction.

A power supply including remote control and safety system
for 2 14 GHz 2 kW Klystron (Thomson CSF) will be deli-
vered by the "Laboratorium fir Mikrowellenanwendungen,
Dr. Beerwald" in March 1984.

Computer calculations have been started to optimize the
ion extraction from a plasma in a strong magnetic fieid.
First results are presented in chapter 9.6.

The work on the Pre-ISIS test sources has been continued.
The results of the latest version Pre-ISIS 2° are reported

in chapter 9.4,

2. Beam Handling and Axial Injection System

The magnetic elements and power supplies for the beam
handling and axial injection system have been manufactured
by the company "Bruker Analytische Meftechnik GmbH" (ex-
cept the components LHg, LM and H, see figure 1). Em-
phasis has been given to watch anc accompany the various
magnetic field measurements of the elements done by the
manufacturer by appropriate TRANSPDRTS} and TURTLEy) ion
optics ca]cu?ationsg). At the end of the year the magnet-
i¢ field measurements and their evaluation was completed
and the main parts of the system, the 1800—bending system
and the 900-bending system with matching section in front,
were under assembly and adjusiment on separate bases part-

iy with vacuum chambers,

Together with the manufacturer a cycling procedures has
been tested successfully for & reproduction of the mag-
netic fields within = 0.3 G.

After it has been confirmed that the pre-ISIS 2¥-source
(see also chapter 7.4) is also a powerful external light
ion source {LIS} the related beam handiing and charge
analysis components have been determined fo be another
solenoid {LHy) and a Wien-filter in an adjacent box (see
Figure 1).

A1l adjustment bases and supports for the beam line compo-
nents including those for guick access to the ones in
the 4 m thick wail have been designed and are now manu-

factured.

NG

AN Rgraciet I

LR )

e

Q 1 2

Figure 1: Layout of the project ISIS at JULIC: LIS-light ion source; QS, QM, Ql-quadrupole magnets; MS, MI-dipole magnets;
[H, LV-solenoid lenses; BR-beam rotation solenoid; B-bunching system; LM-magnetic lens; H-hyperboloid inflector.
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The design of the vacuum system has been revisedg) and the
logic of the process generating and surveying a vacuum of
better than 10'7 mbar with cryo—pumpslo} in the beam pipe
has been worked out.

The compiex axial hole insert which will house the sole-
noids LV1, 2 and BR, the bunching system B, the magnetic
Tense LM, the cyclotron pole insert and the hyperboioid
inflector H has been designed and given for manufacturing
by the end of the year.

The design of the str
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fength} has been revised.
buiit in the IKP,

A system consisting of two deuble gap bunchers built at
and for the Bonn iscchronous cyclotron has been investi-
gated. The bunchers related with appropriate amplitude
and phase shift to the first and second harmeonic of the
cyclotron frequency gave a very satisfactory beam inten-
sity enhancement of a factor 6. The Bonn cyclotron crew
will built a simiiar device for the I5SIS project.

The former ion source test magnet is being modified to
serve as a test bench at a temporary position just after
the 1800—bend1ng system for debugging the axial hole in-
sert prior to the installation in the cyclotron.

Prototypes of the beam diagnosis and steering elements to
be used for beam tuningll) are being tested.

3. Cyclotron

E.G. Bige, W. Briaubigam, W. Bridll, A. Rets, U. Hindfletsch,
B

P, Wucherer

The original h=3 RF-center region design4) has been re-
vised and corrected using Runge-Kutta orbit calculations
following threedimensional relaxation to generate real-
istic electric fields (see alsc chapter 9.56.}. The mechan-
ical center region design requires that the minimum dis-
tance in axial direction between RF-conducting and grounded
parts is reduced considerably. Using a spacer between Dee
and Dummy Dee the electric field has been increased from

18 to 30 kV/cm. No reduction in the conditionned RF-~-voit-
ages has been encountered during several months of cyclo-
tron operation. The mechanical center region design aiso
requires that the upper and Tower magnetic pole insert

are no longer mirror symmetric to the cyciotron midp?anelzl
In a first step of an iterative procedure the magnetic
field in the cyclotron center has been mapped for a first
set of pole inserts. The evaluation of the data with re-

spect to midplane distorticn s in progress.

The necessity for an improvement of the cyclotron vacuum
system becomes evident from table 1 which gives the trans-

_ T/A _ Transmission

T ewsa 11520 3 K 00076 mpard 2108 mbar
010 "o t19.8] - | - h9.8]  ass 744
OO 4y 18] - | -l6.8) 778 30%
e 1 22 fglleiaTfis.al 56w 79%
12p4+ 22 | 2.8l1.9{s.013.7]  s60% 81%

Table 1: Beam transmissiocn through the cycictron for scme
ich species and energies for two different tank pressures.
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mission TR for some typical ions from the ISIS ECR-source
at different cyciotron energies at twc different tank pres-
sures p. The table has been calculated from

IR 4
TR=EXP(-3.35+10""+psa(s)ds)=exp(-K-10p} (1)
0

evaluating the above integral from available data for three
energy regions during acceleration as K1, X2, K3 for which
the conditions v>>ey (K1) and o <<qy (K3} held. o, de-
notes the cross section for an ion charge change by elec-
tron capture, 9 the cne by electron Toss,

Calculations and associated measurements reveal that a
figure of <2-1(}_6 mbar can be expected if the present
pumping speed of 12... 13000 1/s will be improved by the
installation of three cryopumps with pumping speeds of
10000 1/s each. Two of these pumps have already been in-
stalled at the cyciotron and worked well during first

tests,

4, Instrumentation

#. Borseh, W. Briutigam, R. Bsings, K.P. Xruck, A, Miller,
H. fRotert

The universal control module UFBlS) which mainty will
handle the manual and computer control of the ISIS power
suppTies has been tested successfully. A driver has been
written for its CAMAC interfacing and tested at the same
time. A set of 30 moduies for the ISIS project but also
for the external beam line is presently under fabrication.
Y test 5
in type have been tes edl4). Th
stability of twe types has been cured meanwhile,

In a factory acceptan ower supplies different

e

[ B ]

ot ()

non sufficient Tong term

Seme of the existing hard- and software for the computer
contrel of the external beam line has already been extend-
ed or modified to serve for ISIS purposes, especially the
FLUKE-scanming system for data aguisition.

The newly developed module for beam curvent monitoring is
now used very satisfactorily in the externai beam Tine, A
set of 10 modules is under fabrication.

The control Togic for the ECR-source vacuum system com-
prising 4 pumping sections eguipped with 4 cryo- and 2
turbomolicular pumps has been worked outls).
being impliemented using the SIEMATIC S5 system (Siemens

t is now

programmable logic control system).

The automated contrel of the ISIS beam 1ine vacuum sys-
temlﬁ) comprising 3 beam path sections equipped with 8
cryo- but also some turbomolecular pumps uses the Siemens
SMP-microprocessor system. The related prototype hardware
and the basic software written in PL/M-85 have been tested
successfully at one vacuum test section. The fabrication
of the complete hardware and the implementation of the

final software is under way.




5. Installation and Building

E. Eubich*, A, Retz, G. Schltenkomp

To provide the power Tor the ISIS components (400 kM con-
rected power in total) one of the main transformers has
been exchanged. The different power iines are now ready
as well as the various cable racks. The existing water-
ceoling system has been extended for the ISIS purposes.
The fleor plans for olacing the ISIS electronic and
auxiliary devices have been worked out and the 20 racks
have been ordered.

The shielding against the expected Roentgen-radiation from
the ECR-source has been delivered and partly errected.
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9.4, Pre-ISIS 2 % - a two stage ECR scurce for highly

stripped Tight heavy ions

H.=G, Mathsws, E.

Yogt

Because of the delay for the delivery of the ISIS ECR
sourcel’z) superconducting magnet system the development
of the small ECR source pre-ISIS 2 3.4) could be con-
tinued in 1983,

Based on a proposal of the Berkeley ECR source group the
easy axis of the Sm Co5-hexapoTe bars inside the pre-
15IS 7 source was turned by 90 degrees to achieve an azi-
mutal magnetization of the hexapcle. In this way the
neating up of the vacuum chamber was considerably reduced.
Replacing the so far used O-ring gaskets, which had
sometimes been destroyed because of microwave absorption,
by copper or indium seals the background vacuum pressure
of the source was lowered to 5'10_8 mbar resuiting in a

better output especially for the higher ion charge states.

. Fiedler, ¥. Krouse-

A new support structure for the extraction system gave
more pumping speed to the ion extraction area. The pro-
blems associated with naon cryopumping have been solved
by the instaliation of an adequate thermal buffer plate
between the condensation surface and the head of the se-
cond refrigerator stage of the cryopump.

, . - 53
Tests with an overdense plasma stage at 2.45 GHz™/ as an

injector stage for the pre-ISIS 2 source had failed - pro-

bahly because the plasma density injected intoc the second
stage was above the cut~off density for5 BHz. The energy of
the ions from the overdense stage was found to be well
betow 5 eV, therefore the decision was made to try the
overdense plasma stage as injector for the nigher fre-
quency 14-GHz-ECR stage of the superconducting ISIS
sourcel). For pre-ISIS 2 a 5 GHz ECR-injector stage was
set up, which worked very satisfactorily. Figure 1 shows
a schematic drawing of the new two stage source, pre-
ISIS 2 %, together with the axial and the radial magnetic
field distribution., The magnetic resonance field for the

5GHz
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Figure 1: Schematic drawing of the pre-ISIS.Z = ECR-source 1nc1uding_;he_axia]_and the radial magnetic fieid distribution,
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injector stage was achieved by adding another watercooled
solenoid and an iron endplate to the original pre-ISIS 2
arrangement. The power consumption of the 3 main coils and
the 2 additional coils, which determine the mirror ratio
of the second stage, is about 46 k4.

The microwave power for the injector plasma stage is de-
fivered by the same 5 GHz klystron as for the hot plasma
stage. By means of an E-H-tuner and a circulator a defined
part of the incident microwave power to the second plasma
stage is reflected and guided through a quartz window into
the first stage. The reflected power from this plasma
stage is dumped in an Tsolator. The microwave power con-
sumption for the preduction of carbon, nitregen and oxi-
gen jons was in the order of 300 W and for argen jons less
than 600 W,

The ions produced inside the injector stage - mainly
charge state 1 - enter the second plasma stage through an
8 mm bore. There is no additional pumping needed for the
first stage.

Pre-ISIS 2a]1+2 stage 5GHz} ¥, 3 Pre-[51S 2 {2.stage 5GHz!

Uggr =20 KY o= 43410 mbar
Upp=—hDkY Flal2sti=170W
£, =12-10 mbar Lpe= S2EUA
Pup1sEi= 210w

Rys {251 =190

Lupr = 72007

+

F3pA

1 o
[ L4 pA

—

A

g

s

©,

Figure 2: Spectra of nitrogen ions from pre-ISIS 2 # with
and without plasma in the injector stage.

Figure 2 gives two nitrogen spectra from pre-ISIS 2 %
showing the improvement by the injector plasma stage. A
remarkable increase in higher nitrogen charge states is
observed, when the first stage is turned on. In connec-
tion with this effect a drop of neutral ¢as pressure in
the second stage is found. This indicates that mainly ieons
enter the second stage, which lTeads to a reduced probabi-
lity for charge exchange with neutral atoms. Af{ the same
time the total ion intensity from the source increases

by about 40 %. The numbers attached to the nitrogen peaks
in figure 2 are measured currents obtained at 1.3 m from
the source exit in a mode with strongly reduced resolving
power of the analysing system and optimized transmission.
Figs. 3and 4 are typical spectra of carbon-13 and nitro-
gen-15 enriched gas mixtures from pre-ISIS 2 %, showing
also the fully stripped carbon and nitregen ions. The high
contribution of helium icns in the specirs Is due to the
addition of helium gas to the working gas nitrogen, which
leads to a more stable and effective operation of the
source. Fig. b demonstrates the effect of mixing a lighter
gas to the gas to be ionized in pre-ISIS 2 %. Adding nitro-
gen to argon strongly shifts the charge distribution for
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Figure 4: Spectrum of nitrogen-15 ions from pre-ISIS 2 %,
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Figure 5: Argon charge states from pre-ISIS 2 % for diffe-

rent gas compounds.

the argon ions to higher charge states, whereas the charge
distribution for nitrogen gets worse compared with fig.2.
This leads to the assumption, that the heavier jons may
achieve a better confinement at the cost of the lighter,
more mobile ones. It is also visible from figure 5, that
helium is less efficient than nitrogen as additional gas.

As another result it can be stated, that the accepted micro-
wave power rises with the effectiveness of the compound

gas {Ar: 160 W, Ar + He: 250 W, Ar + N,: 580 W), probably
leading to a higher average energy of the plasma electrons.




The energy spread of the extracted beam was investigated
for ions from the injector plasma stage and from the se-
cond plasma stage with both stages in operation., Due to
the Tow electron energies and the poor confinement the
energy spread for ions from the injector plasma stage is
about 2 eV. For ions leaving the hot plasma stage of the
energy spread was determined to be about 5 eV.
the sheeth potential between the confined

the wall of the second stage vacuum chamber

of the extracted fons is about 20 to 30 eV per

source the
Because of
plasma and
the energy
charge higher
f

i
T
i

=

SUpply.

pends upon to the source.

2
the microwave power applied

The radial emittance of the extracted nitrogen beam after
momentum separation was measured to be Sogy = (294+45) mm mrad
for N, cgpy = (241236) om mrad for 5% and

*90% = (ZOOtEO) mm mrad for N3+ with 6 kY source potential.
The emittance of the total beam from the source at & kV
(420463) mm mrad. This

Tay within a phase space of egy
indicates, that almost the total beam out of pre~ISIS 2 =
can be accepted by the Jllich cyclotron, which has an

acceptance of 500 mm mrad due to the hyperboloid inflector.

Table 1 comprises the intensities per charge state for the
different gases obtained from pre-ISIS 2 % as & source for

Tight heavy ions.

For the light ions up to e-particies pre-ISIS 2 % works
best as a single stage source with the first stage sole-
noid not energized. The ion intensities obtained in this
way after momentum separation are represented in fig. 6.

6

% ! Hydrogen

3 Deuterium
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409

in u-fmperes

20E

Current

1084
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Figure 6: Beam currents from pre-ISIS Z « working in the
Tight ion scurce mode.

With a total power consumption of about 60 kW and a gas
consumption of less than 5 cm3 per hour pre-ISIS 2 % is
one of the less expensive sources for a-particies in the

hundreds of A range and highly stripped Tight heavy ions.

T T T T .
GA\?@Q%@ -3 | 4 5 06 [ 7 |8 f 9 ‘| e | 13 %E%ies of 1ight heavy ion species
: d obtained from pre-ISIS 2 % at & kv
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Computer Calculation on the ECR Ion Source ex-

traction

9.5.

-~

W. Krauss-Vogt, E. Bauscher, H.-(G. Hathews

A computer code has been installed to study the ion ex-
traction and beam formation for the ISIS ECR—sourcel).
The code determines the ien trajectories in combined elec-

trostatic and magnetic field configurations¢).

0f special interest is the influence of the sirong axial
magnetic field of the source. This field decreases in the
case of 14 GHz microwave frequency for the ECR-plasma from
7.6 kG at the exit of the source to 0.14 kG-at about I m
downstream where the ions enter the 180° bending system
of the beam line to the cyc1otron3). If the ions would
follow the diverging field lines of the decreasing field
the result would be. a strongly diverging beam. Under such
conditions an efficient beam transport to the cyclotron
could be difficult.

Therefore the first calculations have been carried ocut to
understand this influence of the decreasing magnetic field
on the extracted ions. The results are given in figure 1.
An accel-decel extraction geometry consisting of the plas-
ma electrode, a puller and a decel electrode has been
used, Figures la) and b) show the ion trajectories along
the first 30 cm behind the source, part a) is the case
with and b) without magnetic field,

These results indicate that the fringing field has no de-
focussing effect but acts 1ike a magnetic iens oroducing
a beam waist at a distance of about 17 cm from the exit
of the source in this special case. In the case without
field {Figure 1b} this waist deces not appear but the ion
trajectories are steadily diverging behind the accelera-

tion gap.

3 1 =plasma electrode +5 kV

] ? =puiler 2K b
60 3 =decel electrode O kV [

rimm])

OO VN ) I % OO SO0 I NN N TN W W VN 0 Y |
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For program technical reasons it was necessary to start a
second run in order to follow the beam envelope over the
full distance from the plasma electrode to the entrance
of the bending system. Because of the focussing effect of
the fringing field only one additional optical device,
98.5 ¢m behind the plasma

namely a solenoid lens at z
electrode has been inserted. Figure lc), which is the
continuation of figure la), shows that the slightly diver-
ging beam can be focussed before entering the bending
system, but further calculations are necessary o investi-
gate the emittance matcning of the extracted beam to the
adjacent injection Iine.

Another point to study 1s how the beam quality is deter-
mined by the gecmetry of the plasma electrode,

References

1) H. Beuscher, H.-G. Mathews, C. Mayer-Béricke, J. Reich,
Proc, 9th Int. Conf. on Cyclotron and their Appiications
{Caen, 1981) p. 285

2) W.B. Herrmannsfeld, SLAC-226 UCZ8 1978

3) R.K. Bhandari and J. Reich, Proc. Sth Int. Conf. on
Cyclotrens and their Applications (Caen, 1981} p. 261

:12

-o

AN =

fo oy
A £

Fig lc / R H1,2
s ‘_‘\i\-\‘_\—__ L

zimm]

Fig. 1: Ion trajectories behind the ECR-source for

MG =2

a) First 30 cm behind the plasma electrode with
magnetic field

b} Same part without field

¢) Continuation of part a) from 30 cm behind the
plasma electrode to the entrance point of the
180% bending system with an solencid lens.
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9.6. Check of the ISIS-center-region
T T z * L ' 7
P. Wucherzr, H.L. Hagedoorn , U. Rindfleisch

The center region had to be redesigned for the project
ISISl). The principal physical design was already fixed
in 1980 2), because the coordinates of the beam entrance
hole in the poie plate had to be fixed early for techni-
cal reasons. The details of the center region geometry,
however, can be changed more easily: e.g. & puller change
takes only a few hours ic get the cyclofron operational

again., Tne design has therefore been performed in two

. N cen o s s é
steps: For the Tivst sfep a selif optimizing procedure )
{TONAN) was used having a fast analyiical calculation of

the orbits. This. however, requires a simplification for
the fields: the magnetic field must be homogenecus and the
electric Tield shape sharply cut off at the boundaries of
the acceleration gaps. In the second step, reported

here, the electric field distribution in the regions of
the first and second gap is calculated by a 3-dimensional
relaxation code (RESEKT) and the orbits are integraied by
the Runge-Kutta method., The output parameters from

the IONAN-procedure were used as input parameters for the

Runge-Kutta integration but with realistic electric fields.
The beam envelope of 27 particles representing a phase
space area of 1607 mm-mrad and = 209 RF-phase width at
the start (exit of the inflector) are shown in fig, 1
(upper part, case A, hatched area}. Fer comparison the en-
velope of the IONAk-calculation s displayed as well

{blackened areaj.

As a resuit of a mechanical design study3) it turned out
that the designed puller did not match with the necessary
spatial shape of the hyperboleid inflector casing. This
fact is not yet taken intoc account in the upper part of
fig. 1. The beam is off centered by 6-7 mm. The energy
gain is too smaiil and the envelopes are much broader be-
cause of a higher degree of nonlinearity for the accele-
ratjon in the first gaps. This has been investigated more
closely and confirimed by looking at the energy gain, RF-
phase, etc. as a function of gap number, geometrical

phase space, etc. Two examples of such figures are pre-
sented. In 7ig.2, the energy gain per turn for deuterons
is diplayed vs. the number of the &accelerating gaps. in
the I10HAN-calculations with sharp cut off electric fields
the energy gain is close to the maximum of 41 keV except
in the first gap (not shown in fig. 2}. Using realistic
electric field shapes but the identical input paramaters
the energy gain 1s much too less and oscillates within a
period of six gaps i.e. one turn. This corresponds with
the motion of the orbit centers in the median plane shown
in fig. 3. The motion inside a gap is represented by a
straight line showing the energy gain (length) and gap
angie (direction) but the orbits do not move in between
two  gaps. The center of aravity of the orbit centers
of the Tast (six) gaps is a measure for the beam cente-
ring. The parameters of case A in fig. 3 are identical with
those of fig., 2 {caseA). The off centering of 7 mm clearly
is caused by the low energy gain in the gaps number 3, 4
and 5 but it originates already in the first two gaps from
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Figure 1: Dee-structure of the ISIS-center-region and en-

velcpes (hatched areas) of the beam for input parameters
from the IONAN-calculations (upper part, case A) and for
a modified geometry of the first and second gap {lower
part, case B). Tha blackened areas represent the results
of the IONAN-calculations. HC-hyperboloid inflector ca-
sing,

the severe difference in the electric field shapes in
comparison to the idealized sharp cut off assumption in
the IONAN-calculations.

The necessary modification of the inflector and puller
shape (fig. 1 , lower part, case B) mainly rotates a
Tittle the direction of the eiectric field in the region
close to the exit of the inflector. The consegquence is
that the energy gain in the gaps number 3 - 5 is improved
essentialiy. The center of curvature of the orbit cen-
ters 1z .shifted to-a point for which mainly a rotation
of'the second ‘gap can shift it towards the wachine center
(MC in fig. 3). A rotation of only the second gap is
feasible because of a sufficient turn separation {compare
fig. 1). The necessary angle for this was derived from




t 2 3 4 5 6 7 8 § 10
gap number —e

Figure 2: Energy gain AE per gap vs. the gap number for
the cases A and B (see Tig, 1) for RF-phases at start of
=125% (full Tines) and -850 (dotted lines). e Vppp=41 keV
is the upper limit for the energy gain afE.

L y %pgw ,/‘A
4
10\\%—ji:j2;j::::;f-'— 3
= Tcm J'

Figure 3: Orbit centers in the median plane as a function
of the gap number for the cases A and B {see fig. 1)

MC = machine center. CA and Cp = centers of gravity for
the last six orbit centers. The lines represent the action

of the gaps; the numbers are the corresponding gap numbers.

[

fig. 3. Additionally the width of the second gap is re-
duced fram 10 to 8 mm. The results cf the modifications

in the first and the second gap are shown in the figs.i-3
denoted as case B, The radii of the orbits neow are suffi-
ciently large to avoid the hitting of physical boundaries.
The envelopes are smailer. The energy gain and the orbit
centering are nearly as geod as in the IONAN-calcuiations.

A more .detailed dinvestigation of the optical pro-
perties of the center region would need a lot of systema-
tical-and elaborate calculations for the first two gaps.
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g.7. First Experimental Results of an Operation in the

Gu-Mode

P. Wucharar

The cyclotron JULIC originally was designed for an opera-
tion in the 3w-mode from an internal ion source for ener-
gies between 22.5 and 45 MeV/A.

1-5) now under progress delivers heavier

The project ISIS
ions to the cyclotron center regicon by means of an ECR-
sourcel’z) and a beam handling and axial injection sys-
+ 3-5)
em
ments as e.g. proposed in the project 0SIRIS® energies
as Jow as 4-5 MeV/A are favourable. This energy range

. However, for many nuclear spectroscopy experi-

4) Gas stripping of the necessarily not totally siripped
ions during accelleration.

The first two problems are not yet investigated in detail
for the external injection but it has been found cut ex-
perimentally that the present center region with an in-
in the Sw-mode. The needed RF-
than one would expect from the

ternal source really works
amplitudes are much higher
scaled orbit-philosophy in the 3w-mode. This, however,

is very helpful for the last two problems as it reduces
the total turn number and therefore the beam path length,
too,

The very first experiments have been performed with deu-
terons to get rid of the stripping probiem. By iterative

would match with that of the cyclotron if operated in the -
Sw-mode corrections of the cyclotron frequency and the trim coil
(Vi .
currents the beam is brought to extraction radius. For a
gefore the external injection system becomes operational nossible future routine operation of the 9w-mode the trim
first experiments with the internal ion source have al- coil settings have to be caicuiated from field maps.
ready been performed and some basic properties and side ] . L )
constraints have been discussed7). Basic problems being é?nce ?he—shape of the averaged main magnetic f@e?d.(T.e:
involved with the Su-mode operation are: the pote Tace geomeury; naa peen aaapned LG & TreiatIvistic
mass increase of 4.1% (f.e. 77 MeV deutercns) the trim
>
1) To extract fons with A 2 20 Q/A % 1/4 at a beam current coil currents are on a high negative level for the very
of » 100 rA from the source and to transport them to Tow mass increase in the Sw-mode of & 0.4%, Practically,
the cyclotren. Tne inflection into the median plane of this means there is a lower limit for the charge state of
a compact type cyclotron requires very low injection the ions or an upper 1imit for the energy, resp. As so far
energies of % 0.5 keV/A fn this mode. it is clear that for 4-5 MeV/A Q/A must be > 1/4 for the
2) The modification of the center region for both the har- present maximum trim coil currents of 20 A,
monic numbers h=3 and h=9. The most practicabie design By the measurement of the 1Z phzse probe signals the nor-
would be not to change the Dee geometry. fiowever, a mally used optimization procedure {matrix method)8) could
pulier change may be necessary be successfully applied. In figure I the turn patterns
3) Beam dynamic problems i.e. the proper Dee angle, trim {upper part) and the corresponding phase deviations are
coil configuration (currents and setting and RF-sta- shown (lower part). Only the first two phase deviations
bility}.
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Figure 1: The upper part of the figure shows the turn patierns for deuterons accelerated in the 9w-mode for f=26,3 MHz
{3.7 MeV/A&) and the lower part the correspending phase history vs. the radius of the valley probes (Vpeo = 22 kV),
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are significant and further investigations will show if
they can be aveoided. Since center region features turned
out te be coupled with at least the first phase signal
{e.g. necessary rf-amplitude) the problem is mere complex
as that for the larger radii. The coherent amplifude is in
the normal range (§ 2 mm) and extraction efficiency & 30%

t.e. not too far from routin
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The beam toss on the first 4 orbits is about a factor of
10 and is strongly dependent on the RF-amplitude, ion
source position and trim coil setiing.

- s e . P S B
ine gas siripping probiem was investjgatecd witn 'He™ .

The ion sources used in routine « operation have broad
extraction slits and the He-gas pressure in the cyclotron
vacuum chamber therefore rises to 6-10_5 Torr., Already
at 1/3 of the total beam path length (1.6/3 km) the spill
beam of HHeft jons exeeds that of the proparly accelerated
He1+ jons. The beam current drops according to

1= Igrexp(~a-p-t} (I=

t= acceleration time in s,

beam current, p= pressure in Torr,
a is a constant}.
= stripping

The constant is proporticnal to UIOSS/V (G]OSS

cross section, v = particie velocity). This advantageous
a1l off of the cross section® o) for this energy range is
demonstrated in figure 2 in which g I/I, is displayed vs.
R2 {since R2 a t), Curve I is taken at a pressure of

N 6:107° torr and 85% He-gas content. The constant deri-
ved from the slope of curve I and the roughiy estimated
turn numbers from figure 1 is a ¥ 1.:-107 Torr 57t

whereas the previocus figures are 5-40.107

0 05 1 15(m?)
Rz

Figure 2: The beam current vs. RZ (R = radius of the
valiey probes) is displayed on a log scale for different
gas pressures and compos1t1ons

Curve I 85% He-gas at p % 6-107 Torr_

Curve 1 mixed composition at p & 8§-10°° Torr 5

Curve III 12% He-gas, % 80% Np-gas at p % 2.9-107° Torr
+,% and 08, resp., mark different measurements for the
identical conditions (f = 23 MHz, Vpee = 27 KV)
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By using an ion source with a small s1it the pressure was
reduced o % 8-10 -6 To
according to the magnetic field levels from that of the

. The trim coil set was scaled

deuterons {Figure 1). This is a good guess because of ine

Tow realivistic mass increase of both {ons. By phase
optimization the final phase history was similar to that

£ {.' nnnnn 1. Cury

and
WU

= i A
in the lowsr pay e 2 shows

the resulting decrease of 1g I/, RZ. So far it is not
clear why the slope is not a s;raxghb line; presumably the
pressure p and the gas compesition are not constant. By

inlet of nitrogen gas o0 p &% 2.9-1077 Torr the stirong
decrease of curve III in figure 2 was measured and a

. JRR - BT Gy
value of a & 3,5-107 Torr ~ S

o to 100 nA Trel*

with an extraction efficiency of 44%.

is derived from the siope.

could be extracted from the cycictron

The author wishes to thank for the support of H. Lawin,
H.L. Hagedoorn and the operators of the cyclotron JULIC.
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10. COOLER RING COSY
10.1.  The Cooler Storage Ring {0SY
PR 5 ++ .
G. Berg, G. Gaul , H, Hagedoorn , J.4., van der
R * .k
Heide , F. Himverbsrger , §. Martin , 7. Hoyer-—
Huckuk , F. Osterfeld, H. Paztz gen. Schieck
D, Prasuhn, ¥, Rogge, F. v. Rossen, P, Turek
The concept of a cooler storage ring (LOSY = Cooler Syn-

chrotron) has been worked out which inciudes recent acce-
Terator and experimental developments for future nuclear
reactions research and which will make efficiently use of
the SNQ-LINAC. The presented storage ring allows a variety
of novel experiments and covers a large field of interestis
of nuclear reaction physicists in Nordrhein-Westfalen., The
intention is to build COSY at the IKP of the KFA with the
support of the Institutes for nuclear physics of the Uni-

versities of Bochum, Bonn, Eindhoven, Kdln and Minster.
The three essential properties of the storage ring are:
1) Very efficient use of the beam by internal target tech-
niques in the storage ring.

2} Energy variability by RF-acceleration.
3)

COSY will satisfy the requirements of nuclear physicists

Extremly high beam resclution by electron cooling.

for high resolution experiments also with polarized par-
ticles in the so called energy window of the nucleon-

nuciecn interaction at 150 - 300 MeV,
perimental techniques will be pointed out below.

Other possible ex-

With the existing cycletron JULIC, the ISIS source for

Tight ions
fully working high resclution magnet spectrometer BIG
KARL there are very favourable circumstances for a

which is under censtruction

successful use of the proposed storage ring.
Two ways of injection are planned:
NG-LINAC energy variable protons with ener-

1) From the
7 100 MeV in particular for more than ~ 1011

gles E
partiC?eS in the ring. High resclution spectroscopy
with BIG KARL up to about 500 MgV is possiblie. This
secondary SNG-beam should be polarized.

JULIC (p,d,SHe,o with 22.5-45
injec-

From the cyclotron
Later ISIS-particles (ECR source with external
tion). The external injection under construction will
atso allow the installation of a polarized ion source.

Figure 1 shows the principal lay out of the storage ring.
The lattice consists of 6 unit cells with 2 quadrupcle
and one dipole magnets and 2 straight sections which are
designed for the instaliation of the eleciron coonler anc
the spectrometer target area. Details of the laitice are
given in another contribution to this report. [t should
be mentioned that the electron cocling is a novel deve-
Topment in accelerator technology with so far unused po-
ailowing extremly high momentum resolution
077 (refs.1-3). With COSY we want to make use
of these developments for nuclear ressarch experiments.
For the proposed concept we assume that the freguency

of the RF-structures can be varied within a factor of 2.
This allows for example the feliowing energy variations:

MeV /N,
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Figure 1: Schematic view of the COSY storage ring with
The essential elements of the ion optical system, the

electron coonler, the injection and some of the experi-
mantal instruments.

- protons: 10 - 200 MeV for injection of max. JULIC
energy ED = 45 MeV
- protons: 100 - 500 MeV for SNQ-injection at assumed
Ep = 350 MeV
- g-particles: 20 - 350 MgV for injection of min, JSULIC
90 MeV.

energy Ea =

Further energy variations are possible by different har-
monic modes of the cycletron. The conled emittance is
expected to be as small as 0.1 = sm mrad {for 48 ~ 1 mrad
this means a target spot of &x ~ 0.3 wmi}. For lO9 par-
ticles in the ring the attainable momentum resoiution

"3, For a revolution paricde of 0.4 psec

current is 0.4 mA. For

will be ap/p ~ 10
(Ep % 400 MeV) the circulating
higher currents the momentum resciution becomes worse and
will be ap/p % 1074 #or 100 mA. The straight section in
the ring offers sufficient space for the installation of
desigﬁQJ.

a 6.m long cooler device, e.g. 6 m jong Fermiiab

Target stations:

In the ring one target station is intended for high reso-
Tution experiments {BIG KARL). It should be possible to
measure reaction products at very forward scattering
anglas (eiab = 0% - 20%), With a second spectrometer {re~
coil spectrometer) indicated in Fig.
possibilities could be extended significantly, in parti-
cular because the extremely thin internal targets (e.g.
gas ﬁetsS)) allow the measurements of recoil nuclei. The
use of gas_jet or atomic beam targets is alsc possibie in
the short sections in the ring, also parallel with other
_experiments, in particular when extremely high ltuminosi-

1 the experimental
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ties are required, i.e. parallel cooling and measuring
on very thin targets (£ 0.1 ug/om?).

For conventional scattering chamber experiments the cocled
beam can be extracted. This SLOW-EXTRACTION i3 already
used at LEAR, CERNG). For 100 mA circulating current there
will be available about 30 nA externally with a duty fac-
tor of 1:3, i.e. in the average about 10 nA. Higher cur-
rents are pessible, but one has to bear in mind that this
will detericrate the good momentum resolution.

Beam properties:

The outlined cooler ring accelerator has the following

main properties:

- Very high luminosity for experiments with extremely
thin targets (5 1017 atoms/on®).

- Variable duty factor up to 100 % {DC beam).

- Fine tuning of the primary energy {1 MeV/min) with the
electron cooler.

- Very accurate absclute energy definition by measurement
of eleciron energy.

- For stripping injection efficiency nearly 100 %, i.e.
measurement during injection,

- No beam stop in the recirculation mode {internal far-
get), hence reduced background.

- As internal targets aiso polarized ateomic beams inclu-
ding existing polarized heavy ion beams can be used.

- Target materials with high evaporation temperature
might be usable as target by sputtering technigues.

Possible experiments:
With this accelerator concept many novel experiments

might become possible:

- Fine energy tuning for sharp resonances and threshoid
energies.

- Measurement of heavy recoii nuclei and reacticon products
at large angies.

- Tagging of secondary beams by recoil measurement (e.q.
tagged neutrons).

- Reaction measurements with extremely high resoiution.

- High coincidence count rate with geod energy resolution
in three body reactions.

- Life time measurements (using the variable duty factor).

- Experiments with polarized atomic beams as target.

- Storage of exotic reaction products {e.g. tritens, 6He).

- Nuclear reactions and y-spectroscopy with low background
and very small cross sections,

- Spin excitations in the energy window of 150 - 300 MeV.
- Producticon of neutrons with good energy resoclution by
7L1 or 12 C(p.n) reactions at 0% for (n,p) measurements.
400 ~ 500 MeV.

- Low lying hole states at Ep =

- Polarization transfer experiments, spin-spin interac-
tions with high resolution.

- Picn production at Agq-resonance energy.

- Coherent pion production with Tight ions near the thre-

shold energy.
Realization:

The construction and operaticn of the outlined sterage
ring COSY could be realized in the following steps:

1) Construction of the storage ring with RF-structures
for the correction of the average energy loss in the
target, matching and installaticn of the BIG KARL
spectrometer at the ring, injection from cyclotron.
Operation of the system in the recirculation mode7)

2) Installation of RF-structures (frequency range +100%).
Operation in the extended energy range.

3} Installation and operation of the electron cooler

(Ee % 100 keV) for Ep % 180 MeV. Use of gas jet and

atomic beam targets. Test for cooling of light ions

(d, 3He, ay ISIS-particies). Development of new target

techniques,

Development and construction of an electron cooler

for proton energies up to 500 MeV and injection from

SNQ-LINAC.

&

—
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10.2. Lattice studies for the Cooler Storage Ring COSY

G. Berg, A. Magiera, 5. Moriin, D. Prasuln

The layout of the €OSY ring is shown in figure 1 of the
contribution "The Cooler Storage Ring COSY". The ring
consists of 6 identical unit cells and 2 strafght sections,
Each unit cell contains a set of two quadrupoles and one
507 bending dipoie magnet {“combined function"). The
straight sectiens are telescopes with magnification £ 1

in order to be invisible to the ring. At the target the
straight section consists of a combination of 2 telescopes,
providing an adjustable dispersion and beam spot at the
target position without changing the other ring elements.
The telescope in the electron-cooling section has to pro-
duce a wide and parallel Deam in order to get a minimum

conling time,

Fig. 1 shows the ampiitudes of the betatron oscillations
(betatron functions) in horizontal (BH) and vertical
direction (BV) as well as the dispersion function D = av/

(sp/p) as function of the position in one unit cell.

Further data are given in the following table:
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Fig. 1: The horizontal and vertical betatron functions

B, and B} and the dispersion as function of the position
X Y

in one unit-cell.

Parameters of the preliminary COSY lattice

magnet.

6 unit cells of the structure 0D O F O DO
The "F" characterizes the horizental focussing action of the combined function

One telescope of 20 m length with magnification - 1
Two telescopes of 10 m length with magnification- 1

Circumference:

Free length for cooling section:
Free length for BIG KARL:
Acceptance uncooied:
cooled:
Dispersion at target:

Dipolefield for 500 MeV protons {p = 1.09 E%!); 12.1 kG

£, = 33 # mm mrad

88.75 m

9.8 m

2.25m

e = 34 7 mm mrad
ey = 0.15 = mm mrad
variable: 2 - 20 cm/%

The following values correspond to the dispersion D = 11 cw/%

B-function Btarcet: 0.6 éﬁx =60 m
Maxima in wnit cell: Bhor;zonta?: BX =18.7m
Bverticai: By =5.2m
G~valyes QhorizontaT: 3.16
Qg 3.95
Vel Lilal .

)

Calculations are done using the design programs 1"!}5\0-i ,
TRANSPORTY, 63!, RavTRACING®), HARMON®. Definitions
and formulas use the nctation from Bovel et a].6}.
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11. vy SPECTROMETER GSIRIS

11.1. - Compton Suppression array for High Resoiution
" In-Beam Spectroscopy

R.M, Lieder, W. Cast, H. Jdger, J. Schaeff

K H. ¥ater™, P.
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One of the principal methods of in-beam spectroscopy has al-
ways been the study of the electromagnetic radiation, whicn
is emitted from highly excited nuclef. In a ceded form it
containg the information about the structure of the nuc-
lei. The more detailed the properties of the y-radiation

can be determined, the more of the Taciuded information

can be uncoded. In the so called conventional spectros-
copic studies this has been attempted by measuring the v-
radiation with the maximum energy, angular and time veso-

Tution possible.

Although the instruments used in such studies have been
continuously improved, a 1imit seems now fo be approached.
It turned out, that the conventional type of spectroscopy
is restricted to the investigation of the nuclear struc-
ture in the vicinity of the yrast line. This is because
in {HI,xn) compound nuclear reactions, which may impart
up to > 70 % oof anguiar momentum into the compcund system
before it is disrupted by the Coriclis and centrifugal
forcas, the Tinal nucleus decays through several parallel
cascades before the yrast states are reached. Thus in
contrast to the low spin part of the decay path, where
the total intensity of the decay concentrates on the
yrast transitions, it spreads over a large number of
parallel transitions in the high spin part. As a result
we obtain in addition to the large number a very weak in-
tensity of the individual high spin transitions, which
instead form an apparent continuum in the conventional

v-ray spectra.

Several new technigues have been developed to study at
teast the gross average properties of this continuum, e.g.
large sum-energy crystals, multiplicity filters, or large
Nal{T1) detector systems in various coincidence arrange-

mentsl)‘ However, while these average properties are

quite interesting, they cannot fully elucidale the physics
behind the behaviour of fast rotating nuclei. As we have
learned from cur conventional spectroscopic work this
elucidation can come oniy with the resolution of the spec-

trum.

One year ago therefore a vy-y coincidence spectrometer was
designed which combines the positive Teatures of these
newly developed techniques with the acknowledged advan-
tages of the conventional discrete spectroscopy. It has
been named OSIRIS {COmpton Suppression arvay for hlgh
Resolution In-heam Spectroscopy). It will be built in a
collaboration between the Universities of Cologne and
Bonh,'the Hahn-Meitner Institute in Berlin, and the KFA
dulich. Let us briefly recapitulate the salient features
of the present design:
1. The optimum energy resclution of the spectrometer shall
be obtained by the use of Ge detectors.
2. The rather small detection efficiency of these detectors
shall be compensated by arranging at least 12 detectors

in two rings as close as possible around the target
(Fig. 1).

A reduction of the two main components of the y-ray
background shall be achieved in the following way: The
Compton background will be suppressed using an anti-
Compton shield made of bismuth-germarate (BGO). The

3

quasicontinous background arising from the statisti-
cal decay shall be reduced by an additional sum-energy
and y-ray muitipiicity filter detector located in the
center of the spectrometer. It consists of 38 BGO scin-
tillators.

4y The neutron background will be reduced since the employed
BGO detectors are much smaller compared to e.g. Hal de-
tectors of the same v efficiency, while having about

the same detection efficiency for neutrons.

T
s

S

oL i e .
| s A . ;
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Figure 1: Side view of the v-v coincidence spectrometer
consisting of a sum-energy and --multiplicity filter (BGO
Filter) and an array of Ge detectors surrounded by anti-

Compton shieids (ACS) each,

Concerning the design of the physical and technical details
of the different parts of the specirometer we staried with
the anti-Compton shield {ACS) as the most important cne.

With a given detection efficiency of the scintillator ma-
terial used, the suppression power of an ACS physically
depends on its shape, dimension and the system configura-
tién; the latter shall also take into account all coliima-
ting, absorbing and scattering passive materfal in the
system. In order to optimize these parameters, Monte Larlo
calculations using the EGS code have been carried outz).
Their results favoured an asymmetric configuraticn of the
shield, in which the v-radiation enters the Ge detector
from the side. In this configuration the front face of the
ACS has a square shape reflecting the rectangular side view

cross section of the Ge detector (c¢.f. Fig. 1}.

The technical realization of such a BGO shield is connec-
ted with two main problems: up to now BGO single crystals
are available only in relative smail sizes and BGO has a
ten times smaller 1ight cutput compared fo Nal as well as

a very high refraction index of n = 2.15. Hence the pro-
blems of }ight collection, transfer to the photomuitiplier
and detgction have to be treated very carefully, especially
as the wnole ACS has ‘to be hade up of several pieces of BGO
wnile no optica] coupling materials for such high refraction
indices are'availabie up to now, Regarding these problems
the front part of our shield has been designed to consist

of Nal. In this way the detection probability for the back-
scattered v-rays which have the lowest energies may be en-
hanced.
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In order to check the predicted physical properties and
to study the above mentioned technical problems a proto-
type of the shieid has been ordered. Various test experi-
ments have been performed at the different coilaborating
institutes up tc now:

1. Initial test of energy and time resolution:

their specified energy
and < 16 ns respectively}
and the NaI{Tl

the fac-

ary test of

[ T A f N ",
FvaJ UTIon < 2

After a prelimin
and time
the individual BGD c¢rystals
been giued fogether and canned at
tory. The ACS then delivered
plete unit including a 5" RCA 583006 EMI photomulti-

5
) crystal
have
as

Was a com-

pTier tube. For this original set up the timing was

measured against a piastic scintiliator. A time reso-
Tution of fwnm * 16 ns was obtained for z 6060 source
disregarding the weak long-term component of the BGO
sgintiliation decay of 300 ns,
The light coliection or de-

An energy resclution

could not be determined.

ACS was shielded against the
(densimet) collimator of 30 mm thickness.

50C0 source by a ftungsten
The maximum

suppression factor of 5.6 was obtainad for the energy re-

gion of 350-400 keV.

In the following experiments we tried

o improve this result by changing the configuration of the

system.

4

tection properties for the individual crystals appeared

to be too different as to give an uniform pulse height
at the anode of the photomultipiier tube (PMT).

2. Test of lower threshold setting:
Aithough a good energy resclution is not required
for an ACS, it will affect the lower threshold setting
(LTS}; Tower threshold is defined here as leowest vy-
ray energy significantly detectable. Since the light
output of BGD is very small the LTS is limited by the
tight coliection and transfer properties and by the
photemultiplier noise in our system. It was measurec
by taking energy spectra of a 2mﬂ\m source for various
positions of the source. As the width and position of
the 60 keV line in the spectra shifted as a function
of
30 keV - 50 keV was cobtained. These values are esti-

mated from the depth of the minimum between the 60 keV

the source position, a positicn dependent value of

Tine and the noise tail.

3, Investigation of the position dependent response of
the shield to different y-ray energies:
In order to study the observed pulse heignt variations
in more detail, the position dependent response of the
shield to various y-ray energies (BOCO, 137Cs, ZQlAm)
has been measured. The pesition of the source practi-

cally determines, in which of the individual crystals

tha y-rays mainly are absorbed. A strong dependence was
observed in so far, as the lowest output pulse heights

T abdadmandd L Shasa oA vt Al fla oA T Tt =wa=
Wﬂic ULz ileuw fui LIEUDS _y’ La Wlb[i LIIE DUHATITOL A TQ

The effect is
From

. of optical contact to the PMT cathode.
" stronger the Tower the incident y-ray energy is.
this one may conclude that the light generated in one

the

individual crystal stays more or less inside this crys-

tal during 1fs transfer to the photomultiplier; only a
small amount of light can penetrate into the naighbou-
ring crystals although they are glued together with
optical cement.
refraction indices of BGO to optical cement (2.15/1. 6)
"g1v1ng an angle of total reflection of less than 45°

As a Tinal test of the system in its original configura-
tion the Compton-suppression for a reverse electrode
{v=x} detector of 19 % efficiency has been measured. The

This may be due to the large ratic of
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Test of different photomultipiters and photomultiplier-
light-guide configurations:
From the previous measurements an imperfect light collec-

tion due to the incompiete area of optical centact to
the

iffuse re-

was chserved for some of

to the others,

the photomuitipiier cathode
outer crystals with respect
flector material applied con those parts of the crystals
not covered Ly the photocathede did not give a gain in

iight collection. Hence several light-guides {Tucite)

has been fabricated in order to improve the adap-
tion of the 133 x 133 mm sguare shaped extrance window
of the BGO to different configurations of PMT's with
round shaped photocathodes: two light-guides of 30 mm
and 50 mm length, respectively, for the adaption to ome
5" PMT and four light-guides of 35 mm length for the
adaption to four 3" photomultiplier tubes. The test
measurements of the various photomultipiier-light-guide
configurations have been performed using the 30 mm

60

tungsten coliimator and a ““Co source with the light-

guides covered by reflector powder. They are summarized

in tabie 1.

Photomultiplier | Background suppression for light gquide:
type 30 mm ‘ 50 mm 4£x35 mm no

RCA 58300 6 EM1 | 6.9% | 7.2 5.6

RCA 8854 g.4%)

Valvo XP 2041 5.8 5.2

Hamamatsu R 1307 i 6.2

lalve PM 2312 : 5.2

Table 1: Photomultiplier-1ight guide configurations
tested for the BGO anti-Compton shield. The suppression
factors for the 89Co Compton background at % 350 keV are

given,
*)Different collimator (see text)

The use of the Tight-guides leads to a substantial im-
provement of the uniformity of light collection; never-
theless only a siight increase of suppression factor was
The bad performance of the XP2041

For the
photomuitipliers the influence

cbtained in general,
is ascribed to its bad noise characteristics.
configurations with four
it coincidence condition

old setting has heen

s between the
multipliers on the lower thresh
tested, too. A satisfying result is obtained only for the
combination of the original PMT with the 50 mm 1ignt

It reproduces the calculated suppression factor

However, this is true only for the energy

guide.
to nearly 90 %,
region above 500 keV.
measured at 150 keV competes with a value of

For the low energy region a
value of 7.6
14,5 predicted for this energy. Since a
backscatter preak was observed in the experimental spec-
tra we ascribed this discrepancy to scattering problems.
A y-ray which is already scattered, e.g. 2t the collimator,
before it enters the Ge detector produces true background
which cannot be suppressed by the ACS. For the high theo-

relativ strong




retical suppression factors predicted for our shield
even a small amount of such true background reduces the
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Figure 2: Experimentally measurable suppression factor totype of the ACS.
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suppression factor of S5=15, 2500
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Figure 2 shows for a theoretical suppression factor 0

of 15 the experimentally measurable factor as a func- 20007 Co
tion of the contamination of the Compton-background ‘
with true background. n 15004 4215 L‘
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5. Test of different collimators: 2 unsuppressed
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In order to study this effect experimentally background oo b |
spectra and suppression factors for different collima- :
tors have been measured. A conical lead collimator of 5004
150 mn thickness led to a significant improvement of
the results. The experimental suppression factor of 2
configuration which censists of this collimator, the
50 mm light guide and the RCA 58300 6 LMI photomuiti-
piier, is compared to the theoretical predictions for Figure 3b: Comparison of the corresponding v-ray spectra.
different dimensions of the shield (c.f. ref. 2) in

Fig. 3a. The present prototype compares to B = 80 mm, Channel number

The backscattering was not accounted for in the theore- e lieiies selswoac zz‘csj . M:Dl il
tical calceulations. In Fig. 3b the corresponding _ -
suppressed and unsuppressed spectra are shown, ] Gd+57 M@VG% ,
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6. In beam studies: ]
Several in-beam test have been performed at the accelera- 1500 — L
tors of the different institutes. Suppression fac- : :
tors of 3-% obtained for in-beam sipgles specira are
not a measure of the capabilities of the shield since
an appreciable amount of true background occurs in in-
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beam experiments., The promising features of a spectro-
meter consisting of such ACS's can be better read off

from the comnarigon of an unshislded with a chialded
TrOh Lot CON YAson 0T an UnshRIcido. Wiin 4 snieiged

detector for an in-beam coincidence measurement as
given in Fig. 4. As the coincidence condition reduces
the true background the chserved suppression improves
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_again with respect to singles spectra. Thus a Jot of L ;.!j_*lf'-ll A .ﬁ&lf.u,i.ifmu "'!\‘

new Jines octcur din the projection of the suppressed .

detector which are not observable at all in the un- A G

suppressed spectrum. ) %. A

= 5

References = |
T . w3
1} B. Herskind, -J. de Phys., Colloque CIO0, Suppl. no. 12,

p. 106 _G__’-_} % -
2). C. Michel et al., preprint, GSI Darmstadt 1982 e 3 e T T T 5
. LT . . 4G0 555 8CD 1053 1285 14685 1800
*HMI, Berlin Figure 4: Coincidence projections of an in-beam coinci-
R : Seme wR dence measurement between a shielded and unshielded de-
+ e, Um.versw' L?t KoTn tector of the same v-ray efficiency. The ratic of corves-

ISKP, Universitat Bonn . ‘ponding peak-to-background ratios (P/B} for different y-

**551, Darmstadt " .. ray energies are given in the lower part.

- 138 -




i2. BIG KARL

12.1. The Magnet Spectrometer BIG KARL

.Brinkmdiler, G.Hlawatech, A.Maciera,

x1

G P A Barg,

J. MeiBburger, D. Paul, D. Prasubn, J.G.H. Rimer,

oo
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F. von HRossen, I.L, Yatn

¥

spectrograph BIG KARL has been put into

Since the magnetic spe bee i
operation in 1979 it has been the main user of the cyclo-
tron bean and has proven to be very dependable.
Various nuclear physics experiments were performed which
are presented in defail elsewhere in this reporti:
- Gamow-Teller resonances
(3He,t) on Pzr
- Two nucleon transfer
(6,2L1) on 1% and (Phe,bLi) on
- high lying 1* states
(p.p') on
- study of proton hole states
(d, ey on %%
- T=%—5tates close to the lTowest T=%—5tates via
He,a) on e
- study of collective excitations
Che.t) on “0m and %8y
- spin-flip reactions to unnatural parity states
(p,p') and (d,d') on ONi
= (p.p') on 1%

IIB

Spectrograph Development and Improvements:

During the yearly maintenance period the cryc-vacuum
system was overhauled after being used for five years.
In addition each of the cryopumps has been equipped with
a vacuum valve that seals the pump from the vacuum cham-
ber during regeneration.

The central concrete shielding of the scattering chamber
(IGLOO)Y was dismanteled to replace six of its sixteen air
bearings. Before reassembling, a steel cover has been add-
ed to 1ts lower part to prevent premature wear down of
those air bearings.

To eliminate the effects of ground movement all elements
of the spectrograph and the last four quadrupoles of the
beam 1ine were optically reaiigned.

Significant improvements were done on the detector system.
Two Targe area (8 cm x 90 cm) focal plane detectors allow
position and angle discrimination giving an improved back-
ground reduction and larger energy range. Extensive anfi-
ware has been developed for fast on-line operation of the
new delay-line readoui drift-chambers and the off-line
data analysis. An additional aE-gas-detector with the
same active area as the Morris-drift-chambers improves

the identification between different reaction products,

Especialiy for the reduction of background under extreme

forward angle the antiscattering slits have obtained
scintillation detectors at their edges {active slits) to
mark and suppress siit-scatiered particles.
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BIG KARL CONTROL AND DATA ACQUISITION

12,2, Spectrometer Control
B, Brinkmoeller, ¥. Kruck, J. Meissburger

A new 128 bit optocoupler box was installed and connected
to various status and errcr lines of the vacuum and power
supply systems. This will improve visual and automatic
monitoring of the spectrometer status.

A program TTCYC was written to test overall power supply
performance with high accuracy in order to detect mal-
function of either host computer, CAMAC 1/0 or internal
power suppily electronics.

Another program QBCYC supports test measurements on the
beamline optics. It allows correlated scaling of the four
Tast beamline quadrupoles according to user-defined data
and function tables. This will eventually be included in
CYCLE as a new command to vary spectrometer dispersion
and reaction angle in a way to preserves matching condi-
tions.

In order to save money on PDP11 hardware and to speed up
program development under RSX-11/M the complete PDP11/40
environment was transferred to the VAX-11/780 computer in
a fully compatible way. Camac 1/0 is simulated on the VAX
by a set of ChAmac SIMulating Interface Routines CASIMIR
which provide fer all necessary IKP Camac 1ibrary calls.




12.3. Data Acquisition and Analysis

B. Brinkmoeller, R. Korthues, J. Melssburger,

D, Paul

The VAX is now running YMS 3.3 supporting a new 470
MBytes Winchester disk. All terminals support screen
editing, four of them provide national languages to print
on a letter printer in DIN-Ad4 Tormat.

A new BRHO plotting utility was written to produce muiti-
colour pliots of various combinations of va}iables in re-
action kinematics for muitilayer or impure targets includ-
ing energy 10ss.

The BKARLO energy Toss program now accepts symbelic and

structurad data inpul that makes preparaticn of a spec-
trometer description file a few minutes job.

Major efforts went into the development of all the soft-
ware tools to handle the new Morris detector. The utility
MOCAL provides for interactive data manipulation on cali-
bration spectra as well es for the complex organization
around on- and offline sorting utilities. This fncludes
the online data acquisition program ACON with it's real-
time subprocess ACQUIRERT, the user-parameter definition
utility ACPARAM, the hardware configuration utility
MEMPHIS, the offline sorting program PLSORT and finally
the documentation utilities ACSTATUS and ACSAVE. A total
of 36 different files are managed by the system in a user
transparent way. Complete and portable documentation of
hard- and software status is guaranteed at all %imes for

later offline reanalysis.

12.4.  MOrris chamber CALibration utility MOCAL
J. Metssburger, D. Paul

A one-coordinate particle positicn in the Morris multi-
wire drift chamber is constructed from three measured pa-
rameters: The "wire number" delay line signal determining
which anode wire fired next fo the particle track (8 mm
spacing), the drift time signal providing the position in
between the wire and 2 sign signal fo resolve the Teft/
right ambiguity. The true particle position is construc-
ted from these values on- or offline by a table lookup
technique. The program MOCAL has been developed as a fast
generation utility for these so-called calibration tables.
The calibraticns are done within MOCAL by an autofit rou-
tine and by an integrating binning routine. MOCAL further
offers interactive graphics for proving or manipulating
the data and uses Big Karl standard command parsing with
some tutorial support. A special initialisation routine
MOINI assembies all necessary data tables and correspond-

iEiT -
[

] UT viwad OCU: o 107 L0 it G Fioin ]

C

ing software modules for the on- and offline sorting

ities ACON and PLSORT and for hardware configuration in
MEMPHIS.
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1Z2.5. Detectors at the BIG KARL Spectrometer

G. Hlawatseh, D, Paul, G.P.A. Berg, P. von
<
Brentano , B. Brinkmidller, J. MeiSburger, C.F.
++ . i, _
Hoore , C.L, Morris s J.GM Edmer, M. Rogge,

S.J. Szestrom— G, Sondermann , J.L.

Tain, L. Zemlo

Some effort has been spent to maintain and improve the
detection possibilities at BIG KARL for a variety of

L) and

experiments. The operaticn of the Morris detector
the necessary calibration programs in particular for
different reaction products {p, d, “He, t, &) has been
improved considerably. An additional large AE-gas detec-
tor for particle identification purposes covering the
active area of the Morris detector was built. A time of
flight (TOF) start detector for the background reduction
in exotic reactions e.g. (3He, 6He) was installed and
tested at the entrance of dipole D1. The existing aE-E
plastic scintillator blocks had to be replaced due to
surface aging effects. In order to reduce s1it scattering
into the spectrometer the entrance slits behind Q1 and

Q2 have been equipped with plastic scintillation counters
which will be tested in the next beam time. In the

following some details of these detectors are given

Morris detecfor: For the flexibility of handling this

i which operated at atmospheric pressure a new

detector
detector concept was initiated. A new detector front
chamber was built and installed with an exit window of

100 cm x 10 cm dimension consisting of 35 ~ 50 wm Mylar
supported by 0.5 mm Hylon wires. Several deteciors can

be mounted behind this window. For this purpose six
optical bench slides adjustable in height have been
mounted on the steel ground plate behind the windew. A1l
detactors have cptical hench feet and can now be posi-
tioned in and behind the focal plane allowing quickly
assembling an cptimum set-up for a variety of experiments.

More experience has been gained with the Morris detector.
Problems like high voltage sparks in the detector, un-
efficiencies, and operation instabilities have besn
solved. Corresponding investigations showed that mainly
gas impurities and electronic drifts caused the malfunc-
tions. A special start-up procedure with detecior and gas
system cleaning by vacuum pumping and a proper gas flow
as well as new electronic modules, especially new matched
preamplifiers have improved the stability, The develop-
ment of calibration and operaticn software for the detec-
torz) has been compieted. Details are described in ancther
place in this report. Several combinations of one or two
(for angle determination) of these detectors with AE-gas,
aE~plastic and E-plastic detectors have been used in
various experiments (see this report) for a variety of

particles {(p, d, 3He, t}.

C_nac dat e e
AL-gas aetector:

Loy

For the {dentification of particles
(e.g, 'He in the C(SHe, éHe) experiment) a ab-gas
detector was built. It consists of a frame with a

volume of 100 ¢cm x 10 cm x 3.5 cm closed by 6 pm alumini-
zed Mylar foils at entrance and exit. Eight 20 um gold
plated  tungsten wires are stretched horizontally along

the middie plane of the windows with & spacing of 1 cm.
The wires, electrically connected together, lead into
an ORTEC 570 D charge sensitive preamplifier. The out-
going signals are processed with conventional spectro-
scopy electronics, As detector gas mixture P10 (10 %
Methane, 90 % Argon) was used at ca. 1700 V in the

1 [P

proportional region, Fig, 1 shows the sE specirum that

. . . 4 -
ailows clear separation of deuterons and "He particies.

Ab- ETEIN Yar
uas re [
10t 4 E,,,=676MeV
d 8,4,=39°
10 bue 8o =H1&1+£20KkG-cm
s
5 107 —\H
I
P T
10 - Hﬂs
i
i T |
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Fig., 1: Spectrum of the aE-gas detector in a 14C(3He,u}l3C
experiment at an angle of O1ap = 39° showing clearly
separated peaks ot deuteron and e-particles of the same

Bs-value reaching the focal plane.

Avalanche counter: For background reduction in exciic
reactions (e.g, the 26Mg(3He, 6He} experiment} the time
start of a newly developed transmission Parallel Plate
Avalanche Counter (PPAC) situated at the entrance of

dinole D1 was used to generate time of flight (TOF)

4 . Time of Flight
5 ] 4 *He —= Mg
o Fip =130 MaV
. Glﬂb =‘EGASO
& . Be =17002%kG-cm
é .
2 b | i
% o ‘ He'
() 6He
2_ | H
o F ]
N ]
1 i f ! 1
0 100 200 300 400 500
time{nsec)

Fig. £: Time of flight spectrum measured with a PPAC
against the plastic scintiilator. Paviicles with the same
mass to effective charge ratic have the same fiight time
‘through the spectrometer.
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spectra with the piastic scintiliator as stop detector.
It consists of two thin stretched {ca. 40 ug/cmz) pely-
carbonate foils {area: 7 cm x 10 cm) witn a 100 ug/cmz
gold layer evaporated cn one side, Their spacing is 6 mm.
The detector was operated with pure isobutane at a
pressure of 30 mbar and an voltage of 1550 V. In fig. 2

a time spectrum is displayed which shows sufficient time
resolution for the separation of e from p, d, and o
particles. Significant reductien of background could be
obtained by gating the 6He spectra from the particle
identification with the abt-gas detector with the
corresponding 6He Vine in the TOF spectrum,

Active slits: Another device for background reduction,
so catted active slits have been installed and put into
operation at the end of the current year. They consist
of four plastic scintillators (0.4 cm x 5 an x 16,5 cm
with light guidesca.3,5 cm long) at the front surfaces of
the entrance slits (copper bars: 5 cm x 16 cm x 16,5 cm)
behind Q1 and Q2. The signals from the attached Photo
Multiplier Tubes {PMT} are used in anticoincidence to
the EVENT signal eliminating hereby all particles that
were scattered at the s1it surface and reached the

focal plane,

Plastic scintillators: The existing plastic af and L

counters were now five years in operation and showed
cracked surfaces originating from material aging. The
resulting deterioration of the energy signals made a re-
placement necessary. [n order to maintain the modular
detector concept, two AE {0.3 cm and 0.8 cm thick) and
one E counter (10 cm thick) have been built, each in a
separate housing. They are matched in size with the
other focal plane detectors having an active area of

10 em x 100 cm. As plastic material PLEXIGLAS scintilia-
tor (type 1921 and 1923, Rohm) was chosen. The PMT's are
specially selected for good energy resolution and sharp
timing (XP2230, VALVO).
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13, DETECTORS, TARGETS, SPECTROMETERS length of 10 mm inside an area of 10 by 7.1 mmz, result-
ing in values for the pitch of 510 and 250 um.

13.1. Semiconductor Detectors

A. Hemocher, T. Kinster, E. Lawin, H, Matz,

o]

¥

K, Nieell, D, Protié, G. Riape

To be used for charged particie spectroscopy and particle
identification in nuclear reacticn experiments (IKP and
visiting groups) 5 large cryostats of different design
(each with 2 detectors) for the 100 cm scattering chamber
and 5 monitor cryostats were kept available. They were
egquipped with side-entry Ge{Li)-detectors made by the
detecter laboratory. Radiation damaged detectors were
regenerated or replaced by new ones. A series of commer-
cial Si aE-detectors, position-sensitive Si-detectors and
Si(L1)-detectors were tested before and after use in the

experiments.

Two cryostats designed to be mounted at the bottom of the
100 cm scattering chamber were completed. One of them was
equipped with a digitally position-sensitive aE-detector
and & side-entry E-detector (for particies of up to 30 mm
range}, both made from HPGe (Figure 1}. The structure of

Figure 2: The improved version of a muiti-detector cryostat

To investigate inhomogeneities of thick materials through
gamma-ray (GGCO) transmission, a one-~dimensional strip
detector (10 mm thick) was made from HPGe having a 1ith-
ium contact on the rear side, The boron-implanted contact
was divided inte 60 strips of 300 pm width and 3 mm

Tength with grooves of 50 um width in between, sturround-
ed by a guard-ring (Figure 3). Each strip will be connect-
ed to an individual preamplifier to enable a fast and si-
muitaneous read-out (high count rates).

Figure 1: Detector arrangement inside the cryostat to be
mounted at the bottom of the 100 cm scattering chamber.
the sE-detector {with a thickness of 1.5 mm) consists of
9 elements (2.6 msr each) with an angular spacing of 2.5,
surrounded by a guard-ring {active collimator). The AE-
information for all elements can be derived from the rear
of the i

) Aad b
(1] T LT LOLLUT

(5]
14

Tne improved version of a multi-detector cryostat {Figure
2) was equipped with 6 HPGe detectors of a total thickness
of 83 mm (corresponding to the range of 200 MeV protons).

For the fabrication of digitally position-sensitive detec-
tors the technology of photolithography was introduced.
This process combined with plasma etching (SF6) in a pla-

S
Figure 3: The 0ne~dimensjona1 strip detector.

A detailed study of strip detectors with a-particles
yieided several interesting resuits. An a-particle inci-
dent to the groove is not lost but recorded. by the two
adjacent :strips. Summing both.signals one arrives at the
nominal o-energy with a-loss of ‘only 3%. Processing the
signals {n appropriate electronics can be used to obtain

nar geemetry (resyiting in anisctropic etch rates) now

enables much finer structures.

For the use in ion beam diagnostics at the cyclotron and
at the beam line Si strip detectors (about & mm thick)
with two different patterns were fabricated, These pat-

terns consisted of rows of 14 or 28 strips having a L. .
position-information.
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Various types of Ge or 51 detector-systems -~ most of them
commercial ones - were regenerated of repaired,

13.2. Target Laboratory

. Eﬁbﬁjﬁ?r,;G._Riepe
To be used 'in experiments,(IKP and_visiting groups) at
the cyclotron, ét'the_research reactor, at the crystal
spectrometer, and at university laboratories about 170
targets (with and without backing) were prepared from 30
different elements, host]y by vacuum deposition or roll-
ing {after reduction or melting). The thicknesses were in
the range from 3 ug/cm2 to z20 mg/cmz, and the areas were
between 10 and 250 s R o

Again, as in the 1 ast'year, most of the targets, espe-
cialiy those of large area and minor thickness, were pre-
pared for experiments at the magnet spectrograph (BIG

13.3. Light particle detection by BGO-scintillators
with photodiode readout

. T K . £ . #
B, Glascw™, K.H. Xawpert®, B, Loaner wd G. Caul

The applicability of a BGC crystal coupled to a photo-
diode for detection of light charged particles from me-
dium energy nucleon reactions in the particle energy
range of some ten to some hundred MeV, was investigated

T = + o dwn A hm s
in an experiment using the 172 MeV s-beam

Due to the high density (p = 7.13 g/cm3) of BGO, the
1x1xl cm3 crystals used are able to tetally stop pro-
tons of about 70 MeV and c-particles of about 275 Mev+).
The particle identification was achieved by the usual
AE-E~ techn1que w1th a 1000 um Silicon surface barr1er
detectaor. s : '

The aE- E scatterp]ot ‘of such an arrangement demon-
strates tne part1cle resolution between p, d,. t, 3H - and

a—part1c]es.(F1gf l)._A pecu]1ar1tyuqf_;h1§;dev1ce-1s

AF-adc

e i o
N Pt
AN PRV R

8 420 880  120¢ 1689 E_-adc

Figure 1: AE-Eyest-scatterplot for the reaction

a{17Z7 WeV) + 81 at 9, = 33°.

"ﬁinsﬁitut'fur'Kernphysik,'Uniyersitét'Munster

that the punch through particles which directly hit the
depletion layer of the photodiode, give a very high
Erest
mass particie spectra but can potentially be used as an
anticoincidence signal. To determing the energy resolu-
tion of the BGO-detector, the kinematical coincidence
hetween protons and the recoil e-particles was used.

-signal which therefore does not disturb the lower

Figure 2 shows the inclusive (upper part) and the coinci-
dent {Tower part) proton spectrum, which were measured

at 91ab = 45% with & Mylar target. The derived energy
resolution of this elastic proten peak at Ep = h2 MeV is
about 1.5 MeV {fwhm) and therefore comparable to the
values observed with Nal(T1} scintillators coupled to

photomuttipliers.

The great advantages of this detector which make it attrac-
tive as a replacement for classical scintiliation counters,
is the very compact construction dus to the high stopping
powers of BGC and the small size of the photodiode, the

insengitivity

T T T T T 7 T
@ 46; Er=52 MeV ;
-
c ] ]
o 384 -
o] 4 ’ . _ J
O g . ST
i R _ . i
18- ! Lo -
U _
4 = . G, P b r
28y 5 -
LE(fvhm)= 1.5 MeV
194 - 4
i
9 i) 55 N ﬂlg L i . '”] — .
4] 208 4909 68813'_888'_!1288"Ea—adc

Figure 2: Inclusive (upper part) and co1nc1dent {Tower
party spnctra of the reaction pi{z,u)p for E, = 172 peV
and 8y, = 450

insensitivity to magnetic fields and the absence of a
voitage divider and a high voltage supply.

Further investigations concerning the differential light
cutput and the quenching factors of BGO are in progress.

+)In .our experiment the BGO erystal (HARSHAK) was glued
~te a 51723-04 Silicon photodiode (HAMAMATSU). :
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13.4.  Position Sensitive Paraliel Plate Avalanche De-
tectors for Fission Fragments

L. Zem%c, G. Hiawatvsch, P. Decowski, H.P. Morsch

To proceed with earlier studies of the fission chan-
nel in nuclear reactions five position sensitive fission
detectors were constructed. They are parallel plate gas
countersl) with entrance window openings 30 x 60 mmg
(see fig. 1). The. cathode consists of 31 strips 1.8 nm

Flgure 1: Front view of the parallel plate detector.

broad separated by 0.2 mm connected with the delay 1ine
with a structure 3 ns/strip. The anode is made from goid
coated 1.0 um Mylar foil placed at a distance of 2 om

from the cathode plate. A fast anode signal serves for
triggering purposes. The counters are filied with iso-
butan gas at a pressure of 8 mbar. The operating vol-
tage (= 500 V) corresponds to the proporticnal region of
the gas amplification which helps to discriminate fission
events from those of light particles. The counters were
successtully applied in the 238U(u,a’flf2) experiment des-
cribed in sect. 1.16. in which fission fragment velocities

and folding angles were;measured.

Refergnce _
i} H.-Stelzer,-Nucl.~Instr.-& Meth,-133-(1976}-409

13.5. Small size plastic scintillation counters for
measurement of protons up to 100 MeV

E. Sisbert, P. Decowsks, H.P. Morsch, M. Rogge
and P. Turek
For coincidence experiments with the BIG KARL spectrometer
small size detectors are needed which can stop rather
high energy particles (protons up to 100 MeV) and have a
good time resslution. For this purpose we have made &

scintiliation counters (fig. I) from plastic material

Figure 1: View of the scintiliation detector.

NE 102 A (2 cm-x 2 cm x 8 cm) attached to plexiglass

Tignt guides and small size photomultipliers of the type
RCA 4516 Zc (with integrated voltage divider)}. The parts
are glued together and coated with 2.5 pm aluminum. Total

dimensions are 8 cm long and 16 cm wide.

In test measurements the energy resolution was 5 % for
protons of energies of 30 - 90 MeV, the time resolution

was 800 psec. The total efficiency from 90 % at 30 MeV
proton. energy -decreased to 70.%-at 90 MeV, The detectors
were successfully applied in measurements of the reactions
58Ni(q;q{p)_§nd 58N1(“=§He'?) discussed in-sect. 1.17, . 3::
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13.6. High Resolution Spectrographs

H, Ikegaﬂd+

In measurements of reaction particle momenta, the ulii-
mate resolution is limited by several factors rather
than a well constructed spectiregraph itseif. Therefore,
one has so far been involved with preparation of uniform
and/cr thin targets, matching of the spectrograph with an
associated beam line - and even accelerator - system and

SO on.

In general, the momenta of reaction particles emitted
from the target vary with the reaction angle, which in
turn results in the kxinematical line broadening. It
should be noted here that the so cailed dispersion
matching between the spectrograph and the beam line is
no longer useful when the kinematical effect is appre=

1). This means that one has to achieve dynamic

ciable
focussing control of the spectrograph as well as its
associated beam line, that is, adjust magnetic multipole

fields in the beam line and the spectrograph on line.

One may use, In such cases, severé]-magnetic elements
The p
on the actual layout, however, usually restrict the

dimensions and shapes of the space in which multipole

for individual multipsoles. ractical consideration

fields have to be generated. Tnis:limitation sometimes
makes it even impracticable to.use.desired.sets of.multi-
potes or to use ordinary magnets with conventional pole
configurations. The spectrographs RAIDEN’Y ' (QDMDQ type
at RONP, Osaka), ENMA) (QMDMDM type at Japan Atonic
Energy Research Institute) and BIG KARLY) (QQDDE type at
IKP, KFA Jiilich) have especially powerful multipole-
field generating devices. Here, the abbreyiations D,
and M stand for dipele-, quadrupole and multipole-magnets,

respectively.

In fig 1 is shown the cross-secticnal view of the multi-
nole magnet M installed in the spectrograph RAIDEN. Four
sets of coils have been inciuded to realize the current
distributions, as determined in the way described below,
for the quadrupole (MQ}, sextupole {(MS}, octupoie (MO}
and decapole (MD} fields. Each set of coils is connected
to an independent power supply so that each field compo-
nent can be generated independentiy, An example of the
tines of force distribution calculated numerically for MG
is shown in fig, 2 together with the coil configuration

assumed.

P

90

140
320

L

[imit o mie

90

Fig, 1:

Cross-sectional view of the multipole magnet

Fig. 3: Field distributions

Fig, 2: Lines of force distribution in the multipole
magnet, catculated for the quadrupcie (MQ) component.

In fig, 3 are the field distributions measured in the
symmetry plane at the middle position in the magnetic
axis that is the particle beam direction. It seems to be
clear from these figures that perfect distributions have

been obtained in'thefentire_apertgre of the magnet.

The multipcle magnets M have been designed follawing the
concept of the "Current. Sheet Magn £ This concept has
an important advantage of a1E0w1ng u5'h0t only o ‘design
any multipeles in a- g1ven space but a]so to obtain-several
multipoles “integrated in a single magnetg)..Magnets with
three dimensional configurations are describab]e.throggh :
any current sheet on the basis of the present theory;hwg
shall be ‘concerned here with the two dimensional cases in

the x,y=plane, for simplicity.

Let us consider-az cavity of which the contour is danotedii
by C, in'a:magnetic-medium_having infinitely large per— .
meability, ‘as seen in fig. 4. Suppose that the cavity. has:
a thin layer of:é1ectric-turrent (current sheet).on thé-3'
surface and the magnetic field generated 1n51de the cav1ty
is described by a magneto-static potential ¢ Insuch-

cases the desired current j which flows normal-to.the
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in the muttipole magnet,
measured along the x-axis at the middle of the magnet
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X,y-plane has a density distribution along the contour

given by
J = défds, {1

where s denotes the arc length measured along the con-

tour L.

For the 2N-poie field, the potential can be written as

N
2N T

,2

o= VX +y2 , ©=tan”

Goy = = K sin{Ke)

2N
& &

where k2H is an appropriate coefficient representing the
strength of the field.

By inserting eg. {2} intc eq, (1) one finds

i = NKZN rN_}' sin e+ (N-1)8], (3)

where o denotes the inclination angle of the tangent of
the contour C with respect to the x-axis.

Fig. 4: Cross section of the cavity in the magnetic
medium with infinitely large permeability. The current
sheet is schematically presenied by the shaded area along

the contour.

So far we have confined ourselves tc the cases where the
current sheet is very thin and the permeability of the
magnetic medium is infinitely large. The risk of over-
simplification has been found to be small from the model
calculation in which a finite size of the current sheet
cr a finite permeability have been taken into account in
a somewhat simplified way. The results have shown that
the fractienal deviations of the order of (c/1)2 and 1/u
in the field q€str1bution might be caused by the finite
thickness {¢) and extension (1) of the current. sheet and
by the Tinite permeability (), respectively. _

Now, let us define the quantity F, as:figure of.merrit. of
magnets -as, '

F = (Area of field space)—- (total current)

= {Area of space enclosed by C)-%—(§|j§ds) (4)

For the 2N-pole field, eq. (4) can be rewritten

F = (Area of space enclosed by €)=+ (z(¢i'_¢i+1[) {5)
Here, ¢. and iy denote the potential where j=0, that is
where the current j changes its flow direction.

The Tigure of merrit definad above was calculated for
several kinds of multipcle magnets. It was found that
except Tor the dipole case, the figure of merrit sirengly
depends on the shape of the contour C, that is the confi-
guration of the magnet especially for higher mulitipole

cases,

As an example, let us compare two quadrupcle magnets which
have the same guadratic magnet aperture. One is a special
case of the well known Panofsky magnet. For the other cne,
the magnet yoke is set at 45% with respect to the x-axis.
This magnet with skew quadratic aperture gains in figure
of merrit even more than a factor of two compared to the
Panofsky type magnet yielding remarkable savings in con-
struction of the coils and the associate power supply

system.
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14, COMPUTER DEVELOPMENT

14,1,  Computer Configurations
X, -8, Watzlawik, M. Karnadi, 2. Nellen

Besides work on the VAX-11/780 off-line computer serving
the evaluation of experimental data and the development
of programs for user applicatien throughout the Institute
as well as on the PDP-11/34 minicomputer used for deve-
loping PDP-11 user software, the DP-group is engaged in
the development of soffwars systems and experimental in-

terface hardware on the foilowing on-line process com-

puter systems:

- 4-parameter analyzer system, SCORPIO, using the process
computer PDP-11/34,

- multiparameter analyzer system, Nuclear-Data ND6660,

- on-line process computer PDP-11/34 for the acquisition
and evaluation of data from the iscchronous cyclotron
and data of the beam line system,

- analyzer system of the high-resolution crystal spectro-
meter using the process computer PDP-11/10,

- analyzer system of the detector laboratory, Nuclear

Data ND620, which is Tinked with the PDP-11/10 process

computer for the control of experiments,

8-parameter analyzer system using the process computer

PDP-11/24 and CAMAC for the discovery of new types of

particles on reactors,

- analyzer system of the low-energy crystal spectrometer
using the process computer PDP-11/10.

The off-Tine computers VAX-11/780 and PDP-11/34 as well
as the analyzer systems SCORPIO and Nuciear-Data NDEEGO
have been spatially rearranged according to future re-

quirements and received a new configuration with regard
to hardware architecture.

After the evaluation software in operation on the PDP-
15/50 under the RSX operating system and on the PDP-15/35
under DOS ¥3.3 has been implemented on the VAX-11/780
under the VMS V3.3 operating system, both PDP-15 off-line
computers were put oui of service as involving teo much
cost and technical support,

A user room was provided for interactive user operation
on the VAX-11/780, accommodating at present four raster
graphic terminals, three alphanumeric display terminals
and two hard copy terminals.

& DATA SWITCH was conceived in cooperation with the Site
Planning Department and the Central Institute for Mathe-
wmatics and commissioned to enable selective communication
between terminals and connected computer systems at our
Institute and the Central Institute for Mathematics.
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14,2,  Off-Line Data Evaluation
K, -H, Watzlawik, M. Eornadi

The performance of the off-line computer VAX-11/780 has
been increased for purposes 1ike the off-line evaluation
of experimental data and the development of software by
hardware expansions such as

- installation of a Winchester disk RA81 (456 M byte
capacity) with UDA 50 controller,

~ axpansion of the main memory to 4 M byte,

- installation of a terminal multiplexer DMF 32 with DMA
capabiiity and three additional display terminals (TAB
132/15).

A further increase in system performance was achieved by

installing and optimizing the operating system VMS Reiease

3.3 and by implementing the FORTRAN Compiler V3.3 and the

PASCAL Compiler V2.0.

Software development has been further facilitated by the

implementation of & Tektronix 4010/4012/4014 compatible
grashic 1ibrary GRAFIXL) on the VAX-11/780. This software
package makes it possible to generate high-Tevel two- and
three-dimensional graphs and software character sets in
of image parts for the raster graphic terminal WESTYARD
1015 has been implemented as an additional option in the

Tibrary.

Conversion routines were created and the existing MTIKP
and SORT4PAR programs expanded tc the individual data
structure of external analyzer systems (such an GSI-Darm-
stadt and ORSAY-Paris) for the evaluation of 1ist mode

ata and spectra files of such analyzers.

A single spectra mode for 1ist mode data of the CANBERABO
analyzer system was implemented in the universal Sort Pro-
gram SORT4PAR.

The fit program SPTFIT for the evaluation of giant reso-
nances which, in the past, has been capable of being run
on the PDP-15/35 under the DOS V3.3 operating system was
rewritten for the operating system VAX-11/780 and largely
impiemented. For this purpose, the program sysiem was
restructured and the areas of data handling, graph%cél re-
presantation on the screen and plotter as well as inter-
active communicaticn were redeveloped. SPTFIT is a general
FIT program of flexible design with regard to functional
capability and application. Spectra can be evaluated in
the interactive mode according to the following criteria:
- Background fitting,
the background is fixed by one or more poiynomials of
the degree 1 to 5, which were cajculated according to
the }east sduares method using preset grid points (max.
50) within one épectrum. A background spectrum can be
devided into several regions with different poiynomials.
Grid points were fixed by curser positioning or numeri-
cal coordinate input on the terminai.
- Peak fitting .
A maximum of 10 Gaussian peaks of random position can be
fitted simultaneously within one spectrum. The peak po-
sition, peak width and peak center are preset in the in-
teractive mode hy -cursor positioning or numerical input.




- Spectra modification comprises

the compessing of spectra {e.g. 4 k to 2 k or 4 k to

1 k} by the addition of consecutive channels and the
division of spectra according to the algorithm (spec-
trumy Ai)/(spectrumj + Aj). Ay and Aj are preset
factors.

Data handiing comprises

the storage of background spectra, modified spectra as

well as peak fit parameters on disks and the plotting
of spectra on the CALCOMP plotter.
The interactive dialog is effected via a graphic and an
aiphanumeric {(hard copy} terminal, While the alphanumeric
terminal 7s used for the global dialog and log printout,
specira are represented and graphical operations performed
on the graphic terminal.

The IBM program “AUTOFIT" was implemented on the VAX-11l/

780 for the evaiutation of nuclear reaction spectra. This

impiementation comprises:

- transcoding of the software according to the require-
ments of the VMS operating system as well as

- modification of the program from batch to interactive
operation.

The interactive operation comprises contrel functions such

as terminal dialog during program flow, representation of

fitted spectra or spectrum sections on the graphic termi-

nal as well as plotting the spectra on the CALCOMP plotter.

Furthermore, the development of a program system for the

evaluation of data from the emittance measuring equipment

"EMA" was started, which will be used for beam diagnostics

on the beam 1ine system of the isechronous cyclotron.

Current work covers

- the investigaticn of methods for direct emittance calcu-
lation from the measured data by approximation of an
ellipse in the (x,x') or {y,y') coordinates as a func-
tion of the rel. beam current as weii as

- the development of models for approximating the beam
profiie by means of three-dimensional Gaussian functions
from which the emittance and other relevant variables
were calculated.

Both methods stiil exhibit unsatisfactory convergence pro-

perties in threshold regions.

14.3.  On-Line Processing and Data Acquisition
H,-H. Wotsiawik, R. Nellen, K. Diesburg

All the analyzer and computer systems with PDF I1 compu-
ters (4 systems), except for the SCORPID system, were pro-
vided with RLOZ disks (10 M byte each) for the purpose of
standardizing and expanding the storage capacity. This
action included both the conversion of existing RLO1 disk
drives and the repiacement of some RKO5 disks by BRLOZ disk
drives,

Obsolete operating systems on PDP-11 systems were replaced

by new operating systems optimized for certain units, i.e.:

- the operating system RT11 Single-~Jdob Vers. 4,0 was in-
stalled on the analyzer systems of the detector labora-
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tory and the high- resolution crystal spectrometer and
the user systems were implemented accordingly,

- the foreground background operating system RT11 Vers.
&.0 was installed for program development on the PDP-
11/34 of the DP-group.

- the operating systems RSX-11M Vers. 4.0 with FORTRAN
IV V2.5 or FORTRAN IV Plus V3.0 were installed on the
POP-11/34 of the isochronous cyclotron and the DP-group.

A CAMAC driver?) for the CAMAC controller DEC CAI1A
{branch controlier) as well as single crate controller
BORER type 1533AJ and DEC CALIF was implemented and tested
on the DP-PDP-11/34 under the operating system RSX-1IM

for the acquisition of data and control of experiments.
This driver permits the programming of CAMAC systems in
the high-level language FORTRAN,

A new operating and user system MIDAS+E was installed on
the multiparameter analyzer system NDE6660. A one-week
multiparameter data acquisition workshop was held for
users and operators in cooperation with Nuclear Data. Lec-
tures and practical exercises covered the operating system
MIDAS of the analyzer NDG66Q, programming in FORTRAN and
assembler as well as data acguisiticn in the MPA system.

The data acguisition software reguired for collecting ex-
perimental data on the magnetic spectrograph BIG KARL via
12-fold NIM counter, type 342, and CAMAC I/0 modules Borer
1031 was developed and implemented on the on-line VAX-
117780 of the BIG KARL system.

The analyzer system MEMPHIS II3) for the reguirements of
the nuclear reaction and nuclear Speciroscopy groups were
further developed in cooperation with the Central Elec-
tronics Laboratory (ZEL). An 8-parameter system was com-
pleted, new computing function modules (e.g. the 2D Win-
dow Unit) were defined and the overall system was con-
ceived in conformity with extended requirements. A CAMAC
driver4) for the crate controller Borer, type 1533A, was
implemented on the DP-YAX under the operating system WMS
V3.3 for connection to this overall system,

A CAMAC-oriented 8-parameter amalyzer system was conceived
for the acquisition of data and contrel of an experiment
te discover new types of particles on reactors. The hard-
ware configuration of this system comprises:

- the process computer PDP-11/24 with 256k byte memory,
two disks RLO2 (10 m byte capacity each), a programm-
able clock KW11P,

- 2 terminals, the system console LAIOO and a graphic fer-
minal WESTWARD 1015 with the hard copy printer ANADEX
DP-S500 A as well as

- a CAMAC crate with crate controller Borer 1533A3 and
CAMAC modules for data acquisition and experiment con-
trol as interface hardware for the experiment.

The analyzer system works under the real-iime operating

system RSX-1IM Vv.4.0. A CAMAC driverz) has been implemen-

ted for CAMAC operations permitting the programming of

CAMAC functions in FORTRAN IV. Data of a muiti-detector

arrangement mounted on a rotating telescope are collected

during the experiment as a function of the telescope posi-
tion. Experiment control comprises telescope positioning




and measuring time presetting. The following is carried
out for each measuring point defined by the measuring po-
sition and measuring time:

- acguisition of ceincident multiparameter events as list
mode data,

generation of projection spectra for each detector as
well as

acguisition of summation count rates for detectors and
experiment-accompanying pulse sources.

During the pericd under review, the computer and CAMAC
hardware of the analyzer system was built up and compo-
nent tests of the interface hardware, especially of CAMAC
components, were carried out. The creation of the data

acquisition and control system was commenced.

Furthermore, the development of an analyzer system for the
new low-energy crystal spectrometer was started. The hard-
ware configuration of this system comprises:

- the process computer POP-11/10 with 64k byte memory, a
programmable cleck KN11P, a terminal interface DL1IE and
an RLOZ disk,

- 2 terminals, a V1755 video terminal and an LAIQ0 printer
as well as

- CAMAC interface hardware for data acguisition and ex-

periment controi.
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14.4, Software Development

B. Hoffmann

A graphics package for 2-dim representation of data was
designed and implemented on 2 HP 9836 computer. The pro-
gram was designed in such a way that it is easy to use
even by novice users without giving up the flexibility
that an experienced user needs, This is achieved by
using menu techniques and a lot of graphical feedback.

Here i3 & short list of main features:

up to 10 different datasets can be handled simulta-
neously

each of them may contain up to 9 graphs {1 x-column,
9 y-columns)

picture may consist of 1 to 8 different viewports
axes can be chosen to be linear or logarithmic

Greek character fond

deta manipulation routines including: editcr, sorter,
1

e
LT

cale
Hardcopies can be produced on the HP 9872 (DIN A3, 4-
pan} plotter or on a HP 2631 graphics printer. Utility

programs for data transfer from TSS, CMS and VYSPC are

T
u asa

available,

A short intreduction te this plet program is in prepara-
tion.
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14.5, Data Analysis Developments at JOSEF

G. Lhersonmmeau, M, Karnadi, W. Tenten and

++
T. Seo

Most of the experiments performed at JOSEF involve y-vy-t
coincidences where the data are written in event mode on
magnetic tapes, Therefore much effort was devofed in

1983 to improve the sorting procedure for these coinci-
dence events as well as for the subsequent data processing.

Hew routines for On/0ff-line sorting at the Mega Channel
Anatysater MECCA at the reactor DIDO were implemented,
which allow more flexibility in the selection of gates.
Of particular interest for the life-time determination
of nuclear levels is the facility of sorting up to 2048
time spectra from a gate matrix with 32 x 64 energy

windows.

For 0ff-line analysis at the VAX computer of the IKP a
sort program was developed starting from an existing
standard routine., Owing to a new sort algorithm, the
execution speed has been increased by a factor typically
of 4, when compared to the previous version.

In order to minimize manual input, which is always a
source of errors, the data processing has been hignly
automatized. One of the crucial steps Tn the analysis of
cotncidence data is the correction for the background
caused in the projections by Compton and random events.
For this purpose we have implemented an a?gorithml)
which estimates exactly the correction, irrespective of
the width and position of the gating windows. The basic
assumptions are that background windows are chosen on
both sides of the 'peak' window (see fig. 1) and that
in this channel range the background has a linear be-
haviour accerding to the following formula:

B{x,y,z) = Bylz) + A () (x - x ) + A (Z}y - y,) (1)

Here x,y {resp. z) are channel numbers on the gating
{resp. projected) parameters of the y-y-t event. The
channels Xys Yo are chosen close to the peak centroids.
The coefficienis Bo’ AX, Ay describe & projection gated
by the channel pair x.y.

It is shown in ref. 1} that the background cerrected
projection £{z) can be expressed as a linear combination
of the various projections Pi(z) obtained by combining
the gating windows in all possible ways as shown on

fig. 1. This yields an expression of the form:

C(z) = %1 o Pi(z) (2}
The index i is shown on fig. 1. The coefficients o, are
functions of the gating window limits only. If a window
is missing the ai's in the corresponding row or column
will be zern. (Note that the accuracy will be reduced
since then a constant background s assumed.)
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The standard error o{z) on C{z) is no lenger given by
Poisson's statistics but instead by:

RERENEE (3)

In the case of unfavourable peak to background ratios

the deduced errors might be substantially underestimated

if one ignores eq. 3. Therefore, a separate o(z) spectrum
is also generated and the peak analysis routine has been
adapted in order to extract the errors from it.

T conclude, the present set of routines allows a faster
and more accurate data analysis of y-y-t coincidence
events. An example is the background correction described
above. The formalism is presented for 3-parameter events,
but might be easily extended to more dimensions. Theve-
fare, it can have a broader range of applications in other

coincidence experiments.

Yo

Fig. 1: Gate matrix

Reference
1} G, Lhersonneau, Nucl. Instr. Meth. 157 (1878} 349

* Zentrallabor fir Elektronik, KFA Jiilich

* on leave from Research Reactor Institute, Kyoto
University, Kumatori-cho, Osaka, dJapan




15, Electronic Division
H, Labus, J. Bojowald
i. Soft- and hardwaremodules were developed for the new

£

tow energy bent crystal spectrometer where three rotary
motions must be controlied simultaneously. The actual
values of the motions are the Bragg angle, which is
measurad by a 1" resolution HAIDENHAIN encoder, the
angle position of the multiwire detector chamber, which
is measured by a 1' resoiution enceder and the direc-
tion of the detector plane which is measured by a po-
tentiometric resolver. To make possible the use of the
control and data acquisition concept of the older high
energy bent crystal spectrometer a special double EURC-
SMP input module was built to convert the encoder data,
The software was written in PL/M-80 on our INTEL-
ps246-software development system and partially tested.
In the vincinity of the position balance point the set
values of the analogue velocity control circuiis are
reduced menotonically to zero which gives excellent
settling behavior even at large dead times. Printed
boards were developed and tested for the multiwire de-
tector chamber to supply its forty hybrid preamplifiers
and to shape their ocutput signals.

(H. Labus, G. Lirken, K. Winkler}

. The set un to the BIBLIS multidetector AXION-axperi-

ment was supported. A special photomultiplier base for
the EMI-9808K tube was developed with very smail volume
and mechanisms to fasten the 16 units with constant
pressure on large anti counters of PLEXIGLAS G5-2037.
$ix ORTEC model 276 bases were modified to fit for
EMI-9813KB tubes. A MATTKE Serie MIRB servo-amplifier
was used to build a2 motor control to rotate the 40
tons shielding box to the measurement positions by
manual preset or by the POPL1/10-CAMAC data-acquisi-
tion system.

(N. Dolfus, W. Ernst, G. Lirken, X. Winkier)

. Investigations were made to expand our INTEL-DSZ46

software development system to multiuser applications
and to other languages than PL/M preferably PASCAL,
and to 16-Bit-computers as INTEL-8086/2088. In this
context other hard- and software products are being
tested together with the central electronic lab ZEL.
With the combination of SIEMENS-SMP-Hardware and
DIGITAL-RESEARCH software PASCAL/MT + 85/86 and SPP

running under CP/M or MP/M it seems o be able

running e to

Ll

on-
figure low cost single or multiuser software develop-
ment systems which would furthermore habe the advan-
tage of using the same hardware as cur application

systems.
(N. Dolfus, G. Liirken, H. Labus}

. The old electronic control of beam s1it ASI within the

JULIC beam guide system which could only change the
width of two perpendicular, beam 1imiting windows was
replaced by a new analogue contrel which allows to
position each of the four jaws independently. Three
switch selectable windows with preselectable width and
centerposition can be choosen manually or by computer
contrelled DAC's.

{N. Doifus, H. Labus, G. Lirken, K. Winkler}
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. About 75 repair, manitenance or modification Jjobs of

NIM- and CAMAC modules, TV-cameras and monitors, power
supplies of all categories, electronically controlled
scattering chambers and beams s1its and a great vari-
ety of special instruments from our own or external
production were performed.

(N. Dolfus, W. Ernst, G. Lirken, K. Winkier)




16. Radiation Protection

16.1.  Composition of the radiocactive contaminations at
JULIC and sensitivity of the contamination mea-
suring devices

+ .
I. Uray , H. J. Probst

s ]

The German Radiation Protection Ordinance prescribes con-
tamination Timits in radiation areas. If those limits are
exceeded, certain measures {decontamination, seaiing in
foils etc.) have to be taken. In practice this implies
that the amount of contamination have to be determined
quickly during routine operation. For cases where one
handies only a few radicactive nuclides this quick deter-
mination is possible. Either a methane/propane/butane gas
Tlow or a Xe-filled proportional counter is used.

The situation at a cyclotron is really complex. It was
therefore considered necessary tc investigate whether the

value (count rate) obtained through an usual contamination

measuring device could possibly be used to determine the

amount of the contamination in the cyciotron area aiso.

For that purpose wipe samples were taken from many places

in the cyclotron area as weil as from outside. The nu-

clides present in those samples and their activities were
determined by means of a Ge(Li)- or a Si{Li)-detector.

Furthermore, the count rates produced by those different

samples were registred using several contamination mea-

suring devices. In all 19 wipe samples were analysed. The
investigation furnished following essential results:

2) The number of the nuclides identified was large (even
after a cooling time of few days at Teast 28 radioac-
tive nuclides with half-Tives between 2.7 days and &
years were analysed).

b)Y The nuciidic composition differs strongly at least
partly, from sample to sample. The hignest contami-
nation activities consisted of Re-, W- and Ta-nuclides
(nuclides of the strongly activated tungsten wires of
the deflector}. However, partly 7Be, 65Zn, 755e, 169Yb
were also dominant nuclides,

c) The sensitivity of the contamination measuring devices
varies by more than a factor of 10 for the different
wipe samples. The trends in the sensitivities of the
different measuring devices are the same for the dif-
ferent wipe sampies.

d) The sensitivities are in some cases very low (only

small fractions of the background count rate). The Xe-

counter has by a factor of 3 o 6 higher sensitivity.

Small covers over the samples and distances of a few

[l
—

centimeters between sample and counter reduce the sen-
sitivity strongly.
Details on points a) to e) are described in ref. 1), 2).
The results allow to make the following twe important
statements:
a) Because of the great differences in the sensitivify
the value of the contamination activity cannct be de-
duced from the count rate of the usually used contami-

nation measuring devices.

b) Because of the Tow sensitivity, in many cases the count
rate of the contamination measuring devices correspond-

ing to the contamination 1imits is so small that this

value cannot be used for practical purpeses.
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16.2. Routine Duties
B.J. Probast, I. Uray', H.J. Hintzen, K. Krafft

Since the personnei safety system operates well, in 1983
the major emphasis was placed on the dangers during han-
diing of partly strongly activated cycletron components.
It is especially critical during the annual maintenance,
This is evident from figure 1 which shows the distribution
of the $-v-dose rate in the cyclotron vault at the begin-
ning of the maintenance.

1t is satisfying that in spite of the high dose rates and
the extremely inhomogenecus distribution the resulting
man-rem-dose amounts only to 0.11 Sv (1l rem), thereby
showing a slow decrease in comparisen to 1882, Only one
person got a dose of 15 m Sv {1,5 rem). This is somewhat
nigher than the annual dose of 10 m Sv which we internal-
1y try to observe. Moreover, regulary examinations of the
persons handling unsealed radicactive materials were per-
formed but no incorporations were detected., Also the ex-
tremity doses were negiigibly low. Contaminations could
be kept within Timits so that no special measures were
necessary.

g

7

N
:\\
Figure 1: Distribution of the B-v-dose rate in the cyclo-
tron vault at the start of the maintenance. The

values are given inm Sv/h {I m Sv/h = 100
mrem/h}.
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16.3.  Gamma-Neutron Radiation Field in the Cyclotron
Vault

+
I. Uray , H.J. Probst

The mixed gamma-neutron radiation field was investigated
in the cyclotron vault of the JULIC isochronous cyclotron.
Knowiedge of this field at an accelerator operating long
since provides us with impcrtant information for the ac-
cidental dosimetry which, often based on an incomplete
measured data set, can give an uncertain estimation of

The operating cyclotreon is a very intense source of fast
neutrons and, because of siowing down processes, inter-
mediate and thermalized neutrons are always present, as
well. Different kinds of nuclear processes are producing
also considerabie gamma radiation. According fo our gamma
dose measurements the proportion of the gamma dose near
the accelerator is negligible compared to the neutron
dose equivalent, amounting tc a few per cent of it only.
This means, that the control of the gamma dose alone is
insufficient for the accidental dosimetry inside the

shielded area.

A possible accidental dosimetrical use of activation de-
tectors and thermoluminescent materials was investigated.
Moreover to identify the produced neutron spectra the ac-
tivation sets of In, Cu, Al and Fe materials were used.
in Tirst order the ratio of the thermal, epithermal and
intermediate energy neutrons depends on the size of the
room, while the type of the reaction investigated is only
a modifying factor. In the measured thermal flux propor-
tion moreover there is a significant difference when the
measurements are carried out in air or on the surface of
a moderating phantom or of the wall. However fast neutrons
are giving the decisive part of the neutron dose because
of their much higher biclogical harm. Consequently their
dose contribution is responsibie nearly for the whole
neutron dose equivalent,

Long-term dose equivalent rate measurements were carried
out employing a Studsvik 2002 B Neutron Radiation Meter,
controling the radiation status and itesting other mea-
suring methods, respectively. Fig. 1 shows a characteris-
tic fragment of these measurements. It has been found,
et .

1. the neutron dose equivalent rate in.the cyciotron
vault can exceed the value of 1 mSv/h (100 mrem/h) even at
the entrance of the cyciotron vault, where the radiation
level is relatively.low. (Close o the cyclotron_the;dose
equivalent -rate is much higher.) '
2.} the operating conditions of this cyclotron influence
the dose equivalent rate, which s freguently and consid-
erably changing even at the same place. At-such circum-
stances the common use of activation accidental dosemeters
is unadvisable.

3.) the LiF thermoluminescent dosemeters offer a pessible
soiution for the accidental dosimetry. Their gamma and

thermal neutron responses can be selected on the basis of
the differences of their glow curves. Furthermore it is
possible from these data, having some knowledge about the
neutron spectra, to give an acceptable estimation for the
neutron dose equivaient, as well.
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Figure 1: The hourly changes of the neutron dose eguiv-
aTent rate H at the entrance of the cyclotron vaultl be-

tween 26.06.83 and 01.07.83 in mSv/h units {1 mSv =

100 rem}. The particles accelerated, their energy and the

highest internal. currents are given.
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16.4.  Skin Dose of the Contaminations at JULIC
H.J. Probst, I. Uray

In the first part of the Radiation Protection contribution
it has bean shown that the value of a contamination ex-
jsting in the cyclotron area cannot be deduced from the
count rate of a contamination measuring device. Long ex-
perience has shown that contaminations at JULIC are im-
portant almost exciusively for causing radiation dose to
the skin. Therefore, for radiation protection reasons, it
is important to know if and which relationship exists be-
tween the count rate of a contamination measuring devica
and the radiation dose to the skin caused by this conta-

mination.

To clarify this question 7 wipe samples were taken from
different places in the cyclotron area as well as from out-
side. In order to be able to measure the skin dose caused
by these contaminations with the heip of 3 layers of
TLDl’Z) which are often used in the KFA, and to achieve
rather good homogenity, disks of 12 mm diameter were
punched out of the wipe samples. The subsequent investiga-
tions were carriad out using these samples: determination
of the nuclidic composition, of the activity and of the
count rate of contamination measuring devices. The result-
ing sensitivity of the measuring devices varies considera-
bly for the different samples, as shown in figure la (the
sensitivities for 9OSr/goY and 204T1 are given for com-
parison). The skin dose produced by these samples was
measured by means of 3 layers of TLD as mentioned above.
The exposure was carried out for periods between 1 and 7
days depending on the activity of the sample. Figure 1b
shows the skin dose rate factor. It is the quotient be-
tween the measured dose per exposure time and the measured
activity per area. The values of 9OSrlgoY and 204T? are
also given for compariscn. As can be seen, the values
differ rather strongly., The arrow at wipe samie no. 7 in
the figure la and lb denotes that due to the non-detection
of all the y-lines of the sample no. 7 the activity is a
1ittle higher than the value taken for calculating the
sepsitivity and the skin dose rate factor, respectively.
Therefore, the sensitivity and the skin dose rate factor
are a little smaller.

Finally, the gquotient of the skin dose rate factor and the
sensitivity of the measuring device was determined. This
vaiue describes the skin dose rate produced by a contami-
nation corresponding to 1 cps per cm2 of contamination
area. It is noticeable that all the wipe samples have about
the same quotient. Since this value is less than the val-
ues for 90Sr/-gOY and 204T1, it offers an advantagecus pos-
5ibility to -set count rate 1imits on the contamination
measuring devices for contaminations of unknown composi-
tion: The count rate preduced by a QOSF/QOY- or 204T1—cal—
ibration source having a known activity which is accepted
or given-as deciding vaiue may be used for unknown con-
taminations, too, Of course, the activity of the unknown
contamination is in general higher than the values given
in the Radiation Protection Ordinance, as seen in figure
la, but the skin dose produced by this contamination - and
this should be the criterion - is less than the values of

9{JSr'/goY or 204T] for instance, as seen in figure lc).

\
05 /b\\
= \\\\\\
o
=
o
pa
[
>“ /
=
=
=]
v
=
a
Y 005 1
a)
001 . ,
1 2 3 i 5 & 7 S, 2inp
50
R—
BIE A
—- ]
c_;!z ] ‘{i\ k\‘\—-.
2L [\
e 10
= R
e
=
[ ..
—
05 ‘
SR /
& ]
S
[ 2 .
@
1%
—8 ..
£ /’ ~
N
A g /
0.0% T
1 H 3 4 5 6 ? T T

“Avera ge

T T T

7 9%} zﬁﬂ
Calibration
sources

£ Quotient brau3e| s

2 3 4 5
Wipe samples
Figure 1:
a) sensitivity of the contamination measuring device
Hi370 (Fa. Herfurth, F.R. Germany} for 7 different wipe
samples and the calibration sources 3CSr/%0Y and 20477,
For sample &4 see text,

b) Experimentally determined skin dose rate factors for 7
different wipe-samples. The values for %9Sr/%0Y and 20471
are given for comparison. For details see text.

¢) Quotient of the skin dose rate factor (figure 1b) and
the sensitivity (figure la}. It describes the skin dose
rate per count rate (of a contamination measuring device}
normalized to the unit area. For details see text,
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17. Engineering Office and Mechanical Workshop

W. Briéll, D. Gross, H. Hodamek, A. Retz, U, Rind-
Fleisch, H. Schuan
In 1983 the work of the engineering office was concen-
trated on the realtzation of the ISIS project (see status
report p. 122).

A great part of the mechanical workshop's capacity was
dedicated to 2 complete service on the vacuum system of
the magnet spectrometer BIG KARL and to a major repair of
its air pads supperting the concrete shielding. A new
vacuum chamber with & big (100 x 10 cm} window in front of
the focal plane detectors went into operation. Active
siits behind the first and second quadrupole were built
in.

Besides the service and the scheduled maintenance of the
cyciotron, improvements on the vacuum system were
achieved during the annual shutdown period. For the in-
stallation of three 10.000 1/s cryo-pumps the cyclotron
vacuum chamber was equipped with additional pump sockets
(Ni 500}. Due to higher internal beam currents the radia-
ticn damage of the extraction elements increased signifi-
cantly. Three new septum blades had to be produced since
the repair of the highly activated components was not
possibie in most cases.

A new crystal spectrometer for experiments with low ener-
gy RA-rays was designed. The production is in progress
{see figure 1}. To satisfy the requested accuracy for

1) detector 2) detector rotation 3) encoder 4) detec-
tor angular encoder 5) crystal 6) motor for crystal
movement 7) motor for detector movement 8) wire hall
bearing 8) {source)-crystal angular encoder 10+11) gear
system for crystai and detector drive 12} source
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positicning and rotation, high requirements in bearing,
measuring and production have to be met. The two indepen-
dent supporting arms of the crystai and the detector are
centered by a double wire ball bearing system and are po-
siticned by separate driving elements. The relative angle
measurement is performed by twe angular encoders with an
accuracy of less than 5 seconds of arc from the scurce to
the crystal and less than 1 second of arc from the crystal
to the detector. The detector support is rotatable around
its center. Driving is done by 12 Voit DC motors,

The mechanical components for twe experiments searching
for penetrating particles (axions) at nuclear reactors
were designed and constructed. At the FRJI-1 reactor an
experimental set-up was installed which changes the angu-
lar position of the radiation detectors and the shielding
periodically. The construction of a similar improved de-
vice consisting essentially of a low radiation background
rotatable chamber weighing 30 fons is in progress.
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