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INTRODUCTION

COSY Experiment 10 is the experimental study o

through the nuclear reaction

p+A- (A—I)”T + 2p,
i.e. through the elementary process
p+n-7 +2p
under recoil—free kinematics conditions and with a 47 detector geometry.
The formation of pionic atoms and the energy and width of their low—lying states is to
be determined. Such an investigation is feasible only with a beam that has the spatial

and energy definition of the new COSY facility.

The transparencies that were shown by the speakers at a recent collaboration meeting
are presented here. Transcripts of the discussions that followed each talk are also
included. Some of the key papers and preprints that the speakers referred to have been
included to provide a better understanding of the transparencies. Abstracts of each talk
were added by the editors for the same purpose.

The theoretical background and motivation for the experiment and the major compo-
nents of the detector system and of the data handling system were treated in some
detail. Also discussed was a proposal for an experiment that is to test the separate
components of the detector and data handling systems, a study of the reaction

3+ 20 +He + 9
with a 47 detector from threshold up to 1.9 GeV/c. The study of that reaction is of
interest by itself, since it will allow one to distinguish between one— and two-step

processes.

The editors wish to thank all collaborators and other interested persons who participated
in the meeting, in particular the speakers. Thanks are also due to Professor Dr. J.
Treusch and the other members of the Vorstand, Forschungszentrum Jilich for
supporting this collaboration meeting and to Frau E. Wittig, IKP, for her assistance in
conducting the meeting and in compiling the proceedings.







J. Konijn
NIKHEF, Amsterdam

The Pion—Nucleus Interaction

A summary of the sources of experimental information on the pion—nucleus inieraction is
given, with emphasis on pionic atom formation and on the problems associated with
conventional pionic atom experiments. The specific information that can be obtained by
forming pionic atoms as proposed here, i.e. by an elementary interaction in the nucleus,

is also discussed.







n - nucleus interaction

- Main sources of information:
pion-nucleus scattering

photo pion production
pionic atoms

Low-energy pion scattering (T,=20 MeV):
central s-wave and the more peripheral p-wave
to change relative importance = increase 1
Pionic atoms:
pion capture in a highly excited atomic state with 7,/

cascade through circular orbits
with well defined angu%lar momentum {(/=n-/ )

pion reaches orbits that feel the short-range m-nucleus
interaction

U

7 is finally absorbed by the nucleus




Any long-lived negatively charged particle can be
captured by the static Coulomb field of a nucleus in a
bound atomic orbit and can form a

Hydrogen - like exotic atom

Such a system has pecular and unique properties
regarding ist spatial dimensions and its dynamical
time structure -




- The Bohr-model of an atom tells us that the radius o
such an exoticatom willbe =~

__h C n
nom, C (QZ)
and Ehe orbital bm@mg energy

B =- {&Z} m, ¢’

n 2 n?
from these formulae it is easy to see that the following
relation is valid
il B m -

fs- \ M-

This Linplies thar ar a distance of the atomic ¥ shall
electron where the main quantnm number n, = 1 the
quantum number of the n° at the same distance from

the nucleus will be approximately #,= 17.

R




~ As the pion is a boson with spin-parity J*=0", the
 pion—nucleus system is, therefore, described by the
Klein-Gordon equation:

[V2— 12+ E = V @) ]¥0) = 2V ((¥(r)

where 2uV (r) expresses the m-nucleus optical
potential used for low-energy pion scattering and for

ArFE iAW | i

pionic atoms.

The pion interacts with the nucleus by
elctromagnetic interaction
| gﬁé |
strong interaction

In the case of electromagnetic interaction only, thus
neglecting the strong interaction and assuming a point-
like charge distribution, V =Zo/r, the exact solution to
the Klein-Gordon equation for the total energy of the
point nucleus is




N ~

‘/i . { ﬁ____m : %_2) +_ j(f;+ 2); | (Za}z}

where L is the reduced pion-nucleus mass.

A negatively charged muon will in the same way
form an exotic atom, although as the muon is a lepton
with spin 1/2, we have to use the Dirac-equation to
describe muonic atoms. Because of its smaller mass,

the main q&mmm number ot the muon at the position
trovrwlll Ue 1y, = 14, -

@‘F the atoymig F-she




Examples of quantities that can be investigated by
measuring pionic and muonic X-ray spectra are:
~i. finite nuclear sizes

i1, nuclear charge distributions

iii.nuclear gquadrupole moments

iv.BE(Z)-values of excited nuclear states

v. nuclear polarization |
vi.Lamb shift and vacuum polarization
- vil.magnetic dipole moments of the nucleus

‘vili.strong interaction | |
~ix.mass determination of the exotic particle

Xx. induce nuclear fission

xi.induce nuclear fasion

xii, Q. E.D. tesis

xiil.probing neuiron distributions

xiv.chemical binding effects

xv.weak interaction

xvi.transfer rates of the muon (pion) in exotic

hydrogen
xvii.solid state research using USR as a probe
xvili.chemical trace studies
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level with respect to the electmmagnemc Coulomb
value and - due to the absorption of the pion - leads to
an increased width of the level.

|

-Observable effects produced by nuclear size and
strong irﬂ:eraction
shift g
and
width I
of pionlilc orbits
Due to the strong interaction the pion will already be
absorbed during the cascade. The Iewest orbit reached

so far 1in various nuclei: -

1s - orbit observed in nuclei with Z < 14 (S1)
2p - orbit observed in nuclei with Z <44 (Ru)
3d - orbit observed in nuclei with Z S 83 (B1)
4f - orbit observed in nuclei with Z < 94 (Pu)

Therefore, only the more peripheral levels - e. g. the
5g and 4f levels in heavi_cr targets - are observable,




N:B.: In low-cnergy pion scattering about 50% of the

reaction cross section is absorption. Therefore, 1s
pion absorption important to study in the 7t-

- nucleus interaction. The cleanest way to study this
is in pionic atoms as the absorption is almost the
only open channel. ‘

tial

The optical poten

The optical potential used to describe pionic atoms
and low-energy pion-nucleus scattering has two
components o o
i. one part is derived from mumpie scattenng
- theory, (Erecgmg g Eﬁasa&a >
ii. the other is purely phenome nological apd?é.

accounts for higher order effects SﬁCh as -

absorption. -
Vo(r)=-— r)y—Ve Vv (
ST R ) 1+ %TC Eoyr) }
o o
s-wave p-wave

)




o) = (1+ 75 ) {6 P(1) + by 3p(0)}
o(r) = {1 + } {cop(® + ¢ 0p(M},

where we have defined the densities as:
Cp) =p@),+p(), and  O(r) = p(r), - P(T),,
and where p(r), and p(r), are the neutron and proton

densities, normalized to N and Z, respectively.

b, and b, represent the in-medium 1isoscalar and
isovector s-wave scattering lengths, respectively.

c, and c;, ‘analogously the p -waves scattermg
volumes.

The parameter £ depends crucially on the assumed
range of the N interaction, Iy, and of the nucleon-
nucleon correlation length, r.. Assuming both to be of
zero range, as was done in the original derivation of
this non linear term, yields E=1. However, choosing
re= = 0.5 fm yields £=0.05. Nevertheiess in ~most
fits the value § 1 has been used. |

13




The optical potential discussed so far is real and an
important dynamical aspect still has to be discussed:
m-absorption

.

SuriiedlS iy

To include pion absorption into the optical
phenomenological terms are added in both the s-wave
and p-wave term.
The following points have to be considered when
dealing with the pion-nucleus interaction:
1. The pion is a spinless particle
11. The process N + © < N is only possible if the
energy momentum balance is furnished. The
required momentum for a 7" at rest 1s =500 MeV/c
and as the Fermi momentum of a nucleon is about

0

absorption on a single nucleon is highly suppressed

and, therefore, occurs mainly on at least two nucleons

and one includes a phenomenological term that is

proportional to the square of the nuclear density to

account for absorption processes such as: o
T + (pp) — pn, and T + (pn) —> nn.




The conventional optical potential

q(r) = {1+ 72 ) {byp(s) + b 8p()} + (1 + )Bopz(g«)
o(r) = (1+ 2—;)4{{:09@) +c,8p(R)) + (1 + )—ICO 0X(r)

ii. the two nucleons involved are uncorrelated.

iii.the imaginary part of these "absorption” terms is
associated with pion absorption. |

iv.including the p-wave absorption term in
denominator of p-wave term.

v. we do not include factors ZN/A” as an estimate of
np pairs on which absorption can occur as is done
in some earlier fits.




- The extended parametrization of the optical
potential

Only two overall strength parameters BO and C, used
until now. U

Base the absorption of the optical potential on a more
general quadratic dependence on the nucleon densities

|

0P + b 3p()} + (1+ 7o

o) = (1+ @

x{&m%@+EM®®@Hdg@mmﬁ
o) = (1 + o)} + (1+ 30

x {CopUx) + C, p(D3p(D) + C[Bp(0))*

where Or(r) has been def ﬁ,d earlier.

The parameters B, and C, are here responsible for
absorption in the case or(r)=0, thus nuclei with N=Z.
The remaining parameters ﬁlay a role when N>Z.

| 16




uncorrelated nucleons

new parameters could be used for identifying the
absorption sn‘engﬂlE for np and pp pairs

The fits do show that such a simple explanation is not
possible

U

Carr et al.(1982) used an extended potential to test
low-energy pion-nucleus scattering. '

De Laat et al.(1988) showed that an improved fit of
the "anomalous" 3d shifts and widths in heavy pionic
atoms could be achieved by using B, and C, absorp-

tion terms.




8l

overlap

= r-—n- _p--.o
= S S

(9]
-..,3! llil!llimi llllll[l 1 IIIHI!E

e
<

[y
<

(e

Ly

E=YN

Is-levels

2p-levels

3d-levels

-

/—le‘,‘vels

i li}IHI! t IIIIIU; I?!Illill

T T




o 0ld parameter sets for the optical potential -

é:

Xz_rgﬁ
&

Xa_"%f

Xg-réf_

Tauscher

G

—0.0286
-0.077
0.172
0.22
0

0.0436

0
0.036

- 5.21
9.61
37.23
22.40
12.35
35.28
1.71
3.13

Tauscher

1

—0.0283
—0.078
0.227
0.18
0
0.0428
0
0.076

4.50

' 8.51
19.53
°18.80
- 3.00
- 20.95
" 2.869
=1:18
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Batty

1

Seki
i

—0.023 0.003

—0.085
0.21
0.088
—0.021
0.049
0.118
0.058

3.35

3.20
8.44
11.47
1.71

22.16
6.60

1.17

—0.143
0.21
0.18
—-0.15

0.046
0.11
(.09

11.25
8.58
12.23
- 7.08
32.51

3.22

22.08
5.90




New parameters for the standard optical poiential

E.—_—

X 7sd
Xz_sﬁ

0

0.024
—0.080
0.272

0.107
—0.261

0.0652
—-0.26
0.0640

2.82 -
2.10
1.88 -
2.84 -
3.24

8.03 -
3.88
0.97

i

0.0R5
—0.094
0.273
0.184
—0.265
0.0546
—0.14
0.105

2.59

- 2.08
1.76
- 2.358
- -3.19
. 8.28

- 3.64

. 1.09




Parameters expressed in an , up and pp pairg

3.6
by - 0ot (6) - 0.00¢ ;o., ZOG
5 = 0.0 %2(29) ~0.068 0.0%
@; L 0.2%8(23) 0,29 0.33
¢, 0.35 (3} 0.39 0. %
R_QBW ' 'QQ[@ o3 -2.44
ImByy <l o5 (2?) ~-0.9 % -0.6%
?\é—gmp —L& (1) ~l¢ ~0.k0
ImBay  22(7) 1.0 J.22
ReBpp  0.578) 66 ~2.19
TmBpp  -04(4) 0.8 -0.3%
Relunm ~£5718) ~LF 0
Relap 0202 S Y —I2.5
ImCap —{?(’43) ~L9 5.3
Eeqp;a L30lsS L6 !é <
ImCop  0308) 04 4
By e 133 L£9
E ?%f"!_s) !’se 3; g.ﬁf gs @é
L L32 laz oL
' %ﬁ Ley LY - Lag
el L% . L2z LU
T ) [12 Lo Qﬁfé' o
Xoep)  og o 042 o bbo-
_'F(lfgj 129 L34 lgy
25 1.20 l16
L ?M M PO;V\{ *

= 0. 23 0,003
(T By *Tn Bup +Tou Bpo) = 028
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Parameters for the extended optical potential

X
Xy
X

x—r

4f

0

~0.002
-0.071
0.280
0.33
—0.13
0.0566
—0.18
—0.06
6.95
—1.0741

-0.25
0.062

-1.2
0.18

—0.55
0.850

1 1.32

1.32

- 1.36

1.83

©1.38

1.10
0.67

1.29

1 . 3.4
—0.001 —0.007
—~0.073 —0.081
0.290 0.34
0.38 0.66
-0.14  —0.10

0.0570  0.0581
—0.14 —0.19
—0.08 —0.098
058 0.64
—0.9463  —0.7580
—0.14 0.8
0.100 = 0.3 -
-1.6 —~5.1° =
0.31 1.2
- 0.08 ~1.3
- 0.895 —1.486

S 1.24 1.38

- 1.28 - 1.07

123 119

1,23 - 1.04

o112 .0.93
0.85 0.8%
1.35

144
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& = 0 calculations -
ratio with standard pot. =
ratio with extended pot. +| |-

 ratio of experimental to calculated widths I'as)

o 1s 20 25 30
mass number A~




v

 ratio of experimental to calculated shifts £(1s)

1.4 .
1.2 - | -
| | |
1.0 H L- o) % f o m B rh
Sl Ta hh T th
0.8 4 -
| | | i & = 0 calculations =
| ratio with standard pot.m
0.6 - ratio with extended pot. 4| |-
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10 15 20 25 30
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standard
o : k@V
g
ST 'r" f434
rim: - 82
B(1s): —1093
48Ca
€10t ~5H12
ri: : 58

B(is): —1015

T AT

B(ls): —8785

extended pot.
keV

—4.30
94
-1087

-501
32
—-1027

63
~B8924

. Strong Interaction shifts and widths in pionic 1s or'bits?:

Toki et al.
keV

~416
105
~1108

B3<
—6959




‘Table 3. Strong interaction shifis and widths as well as pionic orbit binding encrgies calculated with the new parameter sels
obtaired in the fits to old and new type of optical potentials. The ¢ sign in Lhe e-column indicates that the Kicin-Gordon
equation with the point Coulomb paicntial éoes not provide solutions for s-states,

type of Binding cnergy width shift Binding width shifi
potential & picnic level withrespoci to pioaic kevel with respect ©
pointnuclcar vahie pointnuclear valis
fkeV] [keV] [kev] keV] keV] xeV)
48
Ca B.(1s) T(1s) £(1s) B.(2p} 2p) e(2p)
old 0 -1093.2 819 -433.8 3727 1.51 1.75
old 1 -1093.9 82.0 -433.1 -372.0 1.53 1.72
new 0 -1097.4 93.8 -429.6 -373.0 1.65 1.74
new 1 -1097.0 93.4 -430.1 -373.0 1.65 1.74
new 3.4 -1097.9 95.3 4292 -373.0 1.60 1.73
Tokictal. ¥ 1 -1108 105 -416 -373 1.7 i
48 .
Ca B(Is) I(1s) £(1s) B.(2p) I'(2p) &(2p)
old 0 -1015.0 58.2 5123 3725 1.51 1.06
old 1 -1014.2 57.2 -513.1 -372.6 1.50 1.07
new 0 -1026.5 32.0 -500.7 -372.6 129 1.14
new 1 -1026.5 32.3 -501.8 3726 1.29 1.15
new 3.4 10267 34.9 -500.6 3726 1.26 1.08
208 -
Pb B.(1s) T(1s) B.(2p) I'(2p) £(2p)
old 0 6784.8 474.5 * -5082.2 3218  -1537.2
old 1 6776.7 457.5 * -5079.3 3117 -1540.1
new 0 £6923.9 63.4 * -5138.0 1539  -1481.6
new 1 -6896.7 88.9 » -5132.6 1563  -14869
RCW 34 69323 118.0 = -5143.3 158.6.  -1476.1
“Tokietal. ¥ 1 6959 632 * -5162 410 -1441
B.(2s) T(2s) B{3p) Gp £(3p)
old 0 -2891.3 137.9 * -2383.2 108.2 -548.4
old i -2889.0 1336 = -2382.2 104.8 -549.4
new 0 -2954.1 12.5 = -2407.6 51.7 -524.0
new 1 -2941.6 18.8 * -2405.5 52.0 -526.2
new 3.4 -2960.0 37.2 * 24116 542 -520.0
Toki etal, 3% 1 2962 183 « 2418 410 509
B.(3s) T(3s) B.(4p) Tt4p) £(4p)
oid 0 -1602.6 58.7 * -1381.6 492 -248.0
old 1 -1602.6 56.9 » -1381.1 47.7 -248.4
new 0 -1633.3 5.4 s -1393.7 23.7 -235.8
new 1 -1627.1 7.5 ® 13927 23.7 -236.9
new 3.4 -1636.3 17.8 = -1395.9 25.0 2336
Tokietal. > 1 1642 78 * 1408 71 -226
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Table 4. Calcuiated transition energies and strong interaction widths for pionic X-gays populating deeply bound pionic
orbits.

nucleus fype £ X-ray wrznsition estimated
of transition Energy line width
potential [keV] fkeV]
48
Ca
old 0 2p—1s 720.5 23.4
old 1 2p—1s 721.9 83.6
new 0 2p—is 724.4 954
new 1 2p—»is 724.0 95.1
new 34 2p—1ls 7249 96.9
Toki etal. *% 1 2p—sls 735 106.7
48
Ca
o old 0 Zp—ols 642.4 59.7
old H 2p—1s 6416 58.7
new 0 2p—1s 653.9 333
new i Zp—ls 652.8 33.6
pew 34 2p—sis 654.1 36.2
208
Pb
_old 0 2n—1s 1702.6 796
old 1 2p—1s 1697.4 771
new 0 2p—1s 1785.9 218
new 1 2p-s1s 1764.2 245
new 3.4 2p-sis 1789.0 277
Tokietal *) 1 2p->is 1797 1042
old 0 3p—32s .508.1 246
aid i 3p—2s 506.8 238
acw g 3p—2s 5455 &4
new 1 . 3p-32s 5362 71
. new 34  3p—3s 548.4 o1
~Toki etal. ) 1 3p—2s 544 593
- old 9 4p—3s 221.0 108
old 1 4p—»3s 2215 105
new 0 4p—3s 2395 29
new i 4p~3s 2344 kH
Rew 3.4 4p—3s 240.4 43
Toki et al. > i 4p—3s 234 149
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AN IMPROVED PARAMETRIZATION OF THE OPTICAL POTENTIAL
FOR PIONIC ATOMS -

J. KONLIN, C.T.A.M. DE LAAT' and A. TAAL'
NIKHEF-K, P.O. Box 4395, 1009 AJ Amsterdam, The Netherlands

J.H. KOCH

NIKHEF-K, P.O. Box 4395, 1009 AJ Amsterdam, The Netherlands
and
Institute for Theoretical Physics, University of Amsterdam, The Netherlands

Recetved 2 July 1990

Abstractt We try to find an improved phenomenological optical potential for pionic atoms in two steps.
First, we perform 2 new fit of the parameters in the standard optical potentials by using a large
data base of 140 pionic atom data. A x? is obtained that is substantially lower than with any
previous parameter set. In a second step, we extend the number of parameters by using a more
general form for the terms quadratic in the nuciear density. This extended version yields a reduction
of the y? by about a factor of two. The new fit includes a good description of shifts and widths
of the deeply bound 3d orbits in heavy nuciei such as '**Ta, "Re, "*'Pt, """ Au, ***Pb and ™Bi.
The value of the additional parameters in the extended version are difficult to interpret in the
context of the chosen form of the optical potential and indicate that higher-order effects play a role.

1. Introduction

There are two main sources of information on the pion-nucleus interaction at
low energies: pion-nucleus scattering and pionic atoms. In pion scattering, only a
few angular momentum states of the w-nucleus system contribute to the scaitering
wave function. For light targets and at the lowest energies one presently can measure
(T, =20 MeV), usually only the central s-wave and the more peripheral p-wave
contribute significantly. To change the relative importance of these partial waves
or to bring in higher I-states one can increase the scattering energy.

The situation is different in pionic atoms. After its capture, the pion finally cascades
through circular orbits, each having a well defined angular momentum state / = n - 1.
As the orbits come close enough to the nucleus, the pion feels the strong interaction.
This interaction shifts the energy of the pionic level with respect to the electromag-
netic Coulomb value and - due to the possibility of pion absorption - leads t¢ an
increased width of the level. By measuring the position and width of pionic¢ atom
states, we can, therefore, get information on the m-nucleus interaction for a fixed,
discrete angular momentum state at essentially constant energy (on the scale relevant
for the w-nucleus interaction). In practice, the absorption process becomes so strong

! Present address: University of Utrecht, Buys Ballot Laboratorium, Princetonplein 5, 3584 CC Utrechi.

0375-9474/90/503.50 © 1990 - Elsevier Science Publishers B.V. (North-Holland) -
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DISCUSSION

H. MACHNER pointed out that a pion captured ini¢ an atomic s—state experiences
repulsion and one captured into a p-state atiraction due to the strong interaction for

light nuclei.

J. KOONIJN, in reply to a question, stated that nuclear deformation is taken into

account in his calculations.

J. KOONIJN stated that a valuable experiment complementary to COSY 10 would be
the attempt to observe low—lying pionic atom states in 4003, directly by detecting the
X—rays. Such an experiment, although difficult, could be done by the COSY 10 colla-
boration at PSI with available high-resolution X-ray detectors and with appropriate
background suppression.

H. MACHNER, after some discussion, suggested that this possibility be further
discussed in more detail at a separate occasion.







K. Kilian

IKP, KFA Jilich

Two~5tep Processes

The elementary interaction p+n - # + 2p embedded in a nuclear medium and similar
reactions are treated as two—step processes. The importance of cheosing kinematic
conditions under which the residual particle {or nucleus) has essentially zero recoil
energy $o that the produced particle has close to zero energy and linear momentum is
demonstrated.
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Fig. 2: Upper part:

Piom laboratory
momentum p, &8s a
function of proton
beam momentum p_ in
- S

pprdn™. .The s5lid
lower curve 1s the
minimal pion  momentum
(180° emission in cm).
The. “"magic” wmomentum
is at pp3829 MeV/c.

Lower pavt: Partial
cross, - section Ag for
production of pionms
with €1 MeV lab energy
(Ao={do/dR)AQY. The
relevant AQ 1is shown
as dashed curve.
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* Table I Theeshold moments in GeV/e for proton induced meson (M) production in 5 tWO-Step process

with different intermediate particles {m) and in a gingle step process. The bradliets arcund the baryonic
systems indicate zzvo relative eneigys, This esoompiion alloes us to comspare the thresholds for the
different reactions. The values shown in the table are colowlated for the cases of A: pto - m” +
(ni«p)l_a Bmtep- M b+ p

final bea imtermedine - tvo step theshold) singie step Beam momentum
MTEON ﬁ particde m N+N—m+{2N) | threshold ona for which velocity
m+N-M+N | (21} target matching occurs
' N4(2N}-M+ in the2n Y exit
(o {3H) system at 0"
: ! :
T S L 6769 6572 850
e | 7765 y 940 ©
| : |
1 " 15846 1584.5 1590 o
l{ " | 15847 1590 7
n 1985.91 ; 2120
1 j ;
+ LB 2072 2120
n x " 2080 2120
" 2124 | 2190
! " 2669 , 2680
1 2621 2579 2700
_ ' _ 2617 _ 2700
(Ié : I 2579 . 2580
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Figure 2: Probability for 3H

pp-dx* B: #*n-pn overall:
pd+(pd}n (assumptions see text)
as function of energy. Note the -
rather nazrrow energy band. The
arrows indicate the thresholds for
pd reactions to *He % and to pd
7. The {off shell) 3He fusion leads
to a shift of the calculated
excitation function, so that it
starts at the 3He 5 threshold.

Figure 3: Exdtation function for
3He {usion calculated in a2 two
step process (A: pp=dw® B:
#n-pY} for the overall reaction
pd~HeX (see text). The 3He
acceptance is tuned such that it
always corresponds closely to the
maximally possible mass X like
in the Saclay experiment [7]. The
broad enbancement found in ref.
[7] can be qualitatively repro-
duced by a two step process.

In a Dalitz—plot e.g. of the Ssqua.red masses of) subsystems, M2(p+d) = (V(p)
+ V(d))? against M2(X+p} = (V(X) + V(p})? there can be very distinct
density modulations due 10 the two step process. They will not exiend across
the Dalitz plot like 2 rescnance would do. In order to find out the relative
importance of two step processes one should therefore study besides the two
body channels also the three body reactions {pd —+ Xopd, pd - X*nd, pd -
Kr+hed, pd ~ Ko etc.) in kinematically complete experiments over the full

phasespace.
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MESON PRODUCTION AND VELOCITY MATCHING

K. Kilian and H. Nann*
Institut fir Kernphysik, Forschungszentrum Jilich, D-5170 Jilich, FRG
_ *Indiana University, Cyclotron Facility, Bloomington, Indiana 74705, USA

Abstract

A sequential mechanism of meson production in proton—nucleus collisions

leads to meson production at beam energies below the nucleon-nucleon—
_meson—threshold. In a cascade—like sequence, a light intermediate particle is

created in a first nucleon nucleon collision. In a Second step, this intermeédiaté
‘particle produces a heavier outgoing meson by interacting with a second
nucleon of the same target nucleus. If besides the light intermediate particle
there is a deuteron produced in the first step, this can fuse with the nucleon N
from the second step to form a bound final (3N) baryomic system. If the
velocities of the baryons produced in the t{wo steps are matched then their
relative energy is close to zero. Then the 3N fusion to one nucleus will be
enhanced and the meson production cross section for a two body channel
should show a bump in the excitation function which has nothing to do with a
resonance. Resulis of Monte—Carlo simulations of this sequential reaction

mechanism are showan.

Kinematical considerations

The mew storage rings with phasespace cooling like the IUCF cooler in
Bloomington, CELSIUS in Uppsala and COSY in Jilich will open possibilities
to study meson production close to thresholds. They will provide the high
resoultion which is needed here {1]. In elementary proton proton inieractions
thresholds are interesting since only & few partial waves are contributing so
that the complex hadronic process can be more easily interpreted. Meson
production on nuclei in p—A {or even in A—A) interactions is more compli-
cated and the above argument for thresholds becomes even more important.
Thus in 2 first step, we will concentrate on the simplest nuclear target, the

deuterium.

For two step processes on the two nucleons of the deuterium target we make
two simple but important siatements concerning the kinematics:

1. There is a reduction of the threshold for particle production
already without the necessity of Fermi momentum 2] or
‘cooperative nuclear effects [3].
Take for example 7 production. Its threshold in p+p interaction lies at 1985.9
MeV/c. If we however first produce a pion in a p+p reaction (step A) and use
this pion in a pion—neutron reaction Fstep B) to make the 5, then the thres-
hold is only at 1584.7 MeV/c.

The momentum transfer in both reaction steps is about 900 MeV/c and so
high that even in the case when the pion goes only the distance of 2 few fm
~ inside the deuteron range, we can assume that the reaction partmers have still
particie ‘properties. Thus normal on—shell pariicle interaciion is still an
allowed approximation.

Topical Conference: Particle production near threshold, 30.9.-3.10.198%80,

Nashville, Indiana, USA
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One should expect that two step processes are relatively strong in the "sub-
threshold" tegion (at momenta below the elementary threshold) where quasi-
free one step meson production is kinematically suppressed. Examples of
threshold momenta for proton induced meson production in one— and two—
step processes on a two—nucleon system are given in Table I. The thresholds
for heavy meson production in two—step processes shown in Table 1 lie close to
the lowest possible kinematical threshold which is given by the p + (2N) -+ M
+ {3N} single-step reaction.

- ~—Table 17 Threshiold “momenta~in “}eV/c for proton imduced meson (M)
-production in a two—step process with intermediate particles (m) and in a
single step process. Brackets around the baryonic systems indicate zero
relative energy e. This assumption allows to compare the one and two step
.thresholds. The values are calculated for

step A: p+n - m° + (ntp) step B:mo + p- Mo+ p
final heavy | intermed. two step single step momentum where
meson meson threshold threshold on velocity matching
M m NN {2N) target oceurs in the
m+ (2N} N+ (2N) —~ 2N+ N
m4+n—M+N M+ (3N) exit system
T v 676. 9 657. 2 800
T 776. 5 940
n N 1584. 6 1584. 5 1590
T 1587. 7 1590
n 1985. 9 2120
w ¥ 2083. 2072. 2120
T 2080. 2120
7 2124. 2190
W - 2668, 2680
¢ ¥ 2621. 2579. 2760
% 2617. 2700
7 2579. 2580
w 2707, 2780
¢ 3405.
2. The experimentally interesting two body channels with 3He or

- %H as-final auclei,
p + d - (3 nucleons bound) 4+ X
are strongly enhanced in certain energy and angular regions by
the kinematics of $wo step processes when "velocity matching”
between the three nucleons of the three—baryon system occurs.
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It is evident that those channels are strongly favoured only when already in
the first step a deuteron is formed. In the following we therefore consider as
mode] cases reactions of the type

Step A p+ponr+d
Step B T+n-+X+p {or X*+4n)
Total p+d~Xo+ 3He (or X* + 3H)

We can calculate the relative energy ¢ between the deuteron from step A and
the proton from step B. ¢ is minimal if the velocities of the two partners
match. The invariant mass squared S(d+p) = (V(d) + V(p))? depends on the
four—vectors V of d and p. The excess energy in the d+n exit system, e = /5 ~—
M({d)—M{(p) can be used to get an estimate for the fusion probability P into
iHe. The fusion becomes the more probable the smaller the excess energy ¢ is
in comparison with the binding energy Ey, of the three body system (5.49 MeV
for p+d binding in 3He).

P = exp(—¢/Ep)

Exactly the same effects of an enhanced final state interaction in corners of the
phase space where relative energies of reaction partners are small, also happen
in "recoilless" kinematics. Here a particle is produced at rest in the laboratory
system so that it can favourably interact with the residual target nucleus [4].

Examples of velocity matching

This "velocity matching” in sequential meson production is shown in Fig. 1 for
the case of the nd - (3N) + = reaction in which the intermediate particle
m(=x) is produced at forward angles and then backscattered or undergoes
charge exchange in step B. Figures 1a and b show the relative energy ¢ as a
function of incident neutron momentum and the probability P for the form-
ation of the final bound (3N) baryonic system, respectively. One sees that the
forward going intermediate pions can give rise to small values of e. Folding in
the pp - dw cross section for step A and restricting the emission of the final
pion to very backward angles, the excitation function, depicted in Fig. lc¢, is
obtained. We predict a cross section enhancement around (1025 4+ 100)MeV /c.
Data of Rossle et al. {5} for backward produced pions in the nd - 3He 7~
reaction show indeed this behavior (see Fig. 1c). We want to stress that this
type of "velocity matching" effect might be misinterpreted as a (3N) resonance
in the direct channel. Moreover, also in the p+d ~ t+%* reaction an enhanced
- backward emission of pions was observed at Tp = 470 MeV (pp = 1030
.~-MeV/c) incident energy, which so far no theoretical calculation was able to

- reproduce (for details see Ref. |6]). The present model of sequential meson

production accounts for this enhanced backward emission. : L

- .A more realistic description of the two step process has to take into account
. the full angular— and energy range of reaction partners in both steps. Also one
.- ‘has to consider that the proton and neuiron ‘are bound in the deiieron. They
- have Fermi momenta q(p) = ~q(n) with a continvous distribution and conse-
quently they have off shell masses m*. The deuteron mass m(d) = m(p) +
m(n} — 2.22 MeV has to be reproduced by the total p and n energies

L5
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+ . Figure 1: a} Reldtive energy ¢ of the outgoing p and d in a two step 7 rescatte-
ring process with step A: n+4n - 7°d and step B: #p-7p in quasifree kinema-
tics without Fermi momentum. Forward 00 angles of the outgoing 7~ in step A
are considered. #- scattering angles in step B are backward. b) Shows the
_corresponding fusion probability P = exp(—e¢/Ep) for (p+d)=#3He. ¢) Compari-
~son of measured n+p~7- *He data [5] with a prediction using the fusion pro-
< bability in Fig. 1b multiplied with the total np~x-d cross section (solid line)
.and a prediction with a Monte Carlo Simulation {dashed line) on bound
nucleons with Fermi momenta <gb - 150 MeV/c and energy dependent
differential cross sections.in step A. In step B a constant cross section is used.
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m{d) = /' m™(p)2 + q?' + ym*¥(n)? + g?'.
If we assume that the off—shell masses of p and n have the same ratio as the
on—shell masses, then we can calculate for each q the kinematically relevant
fourvectors V of the bound and moving reaction partners in the deuteron
larget.

V() = (8%, @) = (JETTE, 8 = ((m - 111 MeV), 3

We have done Monte Carlo simulations of seéveral reactions where the resuit of
the first step was used as input for the second step. Fermi momenta with an
average of <|q|> = 150 MeV/c were used. The energy dependent differential
cross section for p+p ~ #* + d was included in step A. For step B we assumed
an energy independent isoiropic (s—-—wave% differential cross section. The
probability for three baryon fusion in the #inal state was caltulated for each
event. The same was done for effects of acceptances in solid angle AQ) and
momentum Ap. The effect of the averaging over all kinematical variables is
shown in Fig. 1c¢ for nad -+ #~ 3He. There is a shift of the maximum towards
higher emergies. It is worth noting that without Fermi momentum the
%vera.ging leads to a prediction very close to the simple 00 approximation in

g. lc.

A famous example of a reaction with spectacular threshold behaviour is
p*d = % 3He [7]. A spike appears in the 0° 3He production close to the 7
threshold in p+d - 3He 4 7.

This spike has stimulated interest. Two step processes [8] and coupled channel
effects [9] have been used to describe properties of this reaction. Iis very
narrow shape is caused by the narrow momentum acceptance of the used
magnetic spectrometer [7]. Independent of this narrowness we find, that there
should be a strong enhancement of the total pd - 3He 5 two body cross section
due. to velocity matching just close to threshold. Fig. 2 shows our prediction
for a large acceptance measurement of pd ~ 3He 7.

In Fig. 3 we compare 2 two step simulation and data of the reaction
pd -+ X3He. We simulated the experimental situation described in ref. 7. Here
the momentum acceptance of the 3He spectrometer sitting at 0° was always
tuned such that it accepted 3He corresponding to threshold production of the
actual maximal possible mass X. As one can see the assumption of a two step
process explains the appearance of a wide enhancement of the forward 3He+X
cross section. The opening of several inelastic channels in step B with rising
energy (and rising mass X% should give an increasing total cross section in step
B. There should te therefore 2 slower decrease of the high energy cross section.

. Conclusion
“The concept of two step interactions with final state fusion of particles which
. have matched velocities helps 10 understand experimental results in few body
. interactions, especially in two body meson production with protons on
~deuterium close to thresholds.
- Another manifestation and a further proof of the two step processes should
~~show up in the three body exit channels

p+d-=Xe+p+4+d (orX*+n-+d)
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pd—(pd) 7|

Figure 2: Probability for 3He
fusion in a two step process A:
ppdw® B: #*n-pn overall:
pd~{pd)7n {assumptions see text)
as function of energy. Note the
rather narrow energy band. The
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' pd reactions to 3He 7 and to pd

7. The (off shell) 3He fusion leads
to a shift of the calculated
excitation functiom, so that it

_starts at the 3He 5 threshold.

Figure 3: Excitation function for
3He fusion calculated in a two

Step process (A: pp-dw* B:
w*n-p7) for the overall reaction
~ pd-3HeX (see text). The 3He

acceptance is tuned such that it

~ always corresponds closely to the

maximally possible mass X like

in the Saclay experiment [7]. The

broad enhancement found in ref.
[7] can be qualitatively repro-
duced by a two siep process.

- In a Dalitz—plot e.g. of the Ssquared masses of) subsystems, M2(p+d) = (V(p)

4 V(d))? against M2(X+p

= (V(X) + V(p))? there can be very distinct

density modulations due to the two step process. They will not exiend across
the Dalitz plot like a resonance would do. In order to find out the relative
. importance of two step processes one should therefore siudy besides the iwo
body channels also the three body reactions (pd - Xopd, pd - X*nd, pd -
K+*Aod, pd - KoZ*d etc.) in kinematically complete experiments over the full

phasespace.
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DISCUSSION

H. MACHNER wrote down the cross section equation for the (p,zHe) reaction that is of
interest in COSY 10,

de do [ s

el e w
i

dﬂ - de-i—n—ﬂHe-{-x- ’

where the bound neutron on which the reaction takes place is assumed to be in a
guantum state ¢a with quantum numbers « and where ¢nr1 is the pionic wave function.

He noted that it is evident from this equation that o is largest when the momentum
transfer q = kz—ﬁa —kn, = 0, i.e. when the reaction is recoil—free.

K. KILIAN noted that particle production at the magic momentum is a two—step
process and not a resonance.
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G. Riepe

IKP, KFA Jilich
The Germanium Wall

A position—sensitive 47 detector for charged particles with high energy and space
resolution is under construction. Its main features are described.
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"Germanium Wall"

Ge detector system-

total thickness: 28 mm =+ range of protons with 443 MeV/c
> 99,3 MeV;

acceptance: 400 mrad - required angular resolution: 2 mrad
energy resolution: 10~3 (fwhm);

opening of 56 mrad ~ for the primary beam and for a fraction
of the reaction protons to enter the
magnetic spectrometer
(corresp. to its acceptance);

system made up of 3 transmission type HPGe detectors

(thin dead layers on both contact faces - doping by
ion implantation)},

mounted in g stack arrangement,
geometry determined by the largest achievable detector diameter

(available material) for position three

arnel by regaiment 4o shawp HEw
selcel engfe Jn  Co i syria
for czicedion of the juwo
pee dons ﬁf@ wn  The Feacden .

53




datector system
COSY 10,

T Ge Toott

'ﬁ"me?@é S qarsa woe olpol
. ,
by BaGge Bers




1.

2.

3.

Ge tre 27 C"ow,wam%\ﬁ?!qﬁ.'

detector 1 mm thick -~ diameter of sensitive arez 53,5 mm

nAaitinm stmitafiiea ase ol
DUSLU

system of Archimedes spirals on front and rear side in opposite
directions

detector 11 mm thick - diameter of sensitive area 61 mm (rear)
with radial position structures consisting of 32 segments
on one side

detector 11 mm thick — diameter of sensitive area 70 mm (rear)
similar structure as no. 2 - total diameter 82 mm

in addition to the position-sensitive pattern in the center of
the detector a structure at its circumference is foreseen to
facilitate connections from the detector to printed cireunit
boards (epoxy) by ultrasonic bonding {(zluminium wire of 25 pm}

space at the edges needed for mounting

clamping with indium wire
AloOg used for electrical insulation
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poslilen structure of detscior i
only 52 elements (Instead of 200) cre shown. .
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cryostat

temperature: "liquid No, vacuum: < 10~6 mbar,
mounts for- the 3 detectors adjustable in x- ‘and y-direction
{centering the holes)
leads from the epoxy boards to the feedthroughs .
" “temperature drop {stainless steel), :

stray capacitance (resolution, cross— talk)
400 for the first 4dE detector

LT RN v 4 AT 1ilon Bl G LA Y

33 for each of the 2. followmg detectors

electronics

single read-out

box with 50 preamplifiers (SMD technology)
mounted on the feedthroughs

cables to NIM - crates (llnear amphflers et‘.c)
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prototypes

8 x 8 strips (see Annual Report '80) " '

‘2 mm thick, strips of 1,7 mm width
~'SMD ‘type-preamps, linear-amps, d,iscrlmmators (MPI)

ipds, 1l:i3

2oLy pT

Lbit pattern circuits, 2- parameter dlsplay
' tested -with gamma- rays: L
eross—talk studied oo

50 X 50 strips "'('hole in the-'éenter: 6 mm diameter)

"2 mm thick, *strips of 0,57 mm width

=

-2 ‘diodes of "the needed dimensions tested

prepared mask detector mount, cryostat, preamp boxes
lmear amps ete..
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Herstellung von orisempfindlichen Detektoren

Halblsiierkristall chemisch

PR § S S
poilisrt

Dotierung durch Implantation

Beschichtung mit Photslack

N Belichten dureh eins Maske
. und Entwickeln

© Oeffnen der Al-Schicht

Einaetzen der Strultur in des
Halbleitarmeterial

Entiernen des Photelasks

Kontaktisren dureh
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" DISCUSSION

K. KILIAN noted that there remain problems in the structure of the Germanium Wall
that have to be overcome. In particular, any conflict with the Hadron Ball structure that
15 to surround the target has to be avoided, and as much as possible of the material of
the Wall structure has to be moved inio the geometrical shadow of the detector itself.

H. MACHNER replied that conflicts with Hadron Ball and Ge Wall structures are being
avoided by discussions between the persons responsible for these structures.

J. SMYRSKI asked about possible radiation damage to the Ge detectors, in particular
by the neutron background.
H. MACHNER replied that experience from previous experiments showed a sufficient

radiation hardness.

J. KOONLJN asked about the possible number of pixels in the detector spiral design of

the first Ge detector.
H. MACHNER replied that this number is 20 000 and that it is essentially determined

by the cost of the electronics needed for each pixel element.

A. BUDZANOWSKI expressed an interest in the details of the production of the

position—sensitive detectors.
G. RIEPE thereupon showed the last of the transparencies and explained some of the
steps in the production summarized there.
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P. v. Rossen

IKP, KFA Jilich

Modification of the BIG KARL Spectrometer

The modifications of the BIG KARL magnetic spectrometer that will be required by the
demands of the COSY 10 experiment are outlined.







Tasks Under W

Moving to a new Location
— Aéapimg and Upgrading
— New Control §ySE@m
— Zero-D
— New Emgam@ Region
— New Detector System
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The COSY accelerator facility
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# | Spokesman {nt.[ ext. Experiment Dy
- [GeV/c]
1 BK.__ Light Hyper-Nuclei 2.2
2 Ernst BK A-Production at Rest 1.7
3] Eversheim Pol. Parity Violation 0.7
2.3
41 Eversheim polarised ion source
51 Hinterberger [TP2 Excitation Function 0.7 -
(Dibaryon) 3.3
6 Jahn BK Two Meson Production 1.0-2.6|
7 Jarczyk experiment in the injection beamline
8 Koch * Neutral Mesons in Nuclei |0.6-3.3
6! Kuhlmann TOF P-P Bremssirahlung 06.8/1.5
10 Machner BK Pionic Atoms 0.8
11 Oelert TP3 Vieson Prod incl Strangenesd 1.9-3.4
127 Roderburg TCF 71 and ©}” production 1.5-3.3
13 Schult TP2 Heavy A-Hypernuclei 1.3-2.0
14 Scobel "TCF' |A(p, xn) Cross section meas.| 0.6-3.3
15 Turek TOF Strangeness in pp—XAp |[2.0-3.0
Morsch BK+TOF Baryon Resonances 2.8
17 Morsch TOF A-Resonances 2.3
1 8] Sistemich |[TP2 O-degree facility
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Detectors

— N eW Detectors Under Contruction

Hi gh resolution in X and Y
Multi-hit capability o

— Indispensable Tool for Bri
the Spectrometer back into Operation

AN T i

"The availability of those detectors
and of the appropriate data aquisition,
that shows on-line the spectra in the
focal plane, is a critical prerequisite
for the recommissioning of BIG KARL"
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DISCUSSION

H. MACHNER noted that, in order to achieve with the spectrometer the 56 mrad
acceptance required by COSY 10, an additional quadrupole (to be obtained from DESY)
will be placed in front of the target.

H. PLENDL asked whether the beam exit hole that is to be drilled into the magnet
material will result in any change in quality.

P. v. ROSSEN replied that, at the relatively low magnetic fields needed for COSY 10,
this hole will not be a problem. For other experiments, that hole can be plugged up.

H. MACHNER noted that the induction drift chamber that was placed between Ge Wall

and BIG KARL spectrometer in the original proposal has been removed in order to
avoid background reactions on the chamber material.







J. Smyrski
Jagellonian University, Cracow

The Focal Plane Detector

A multi—wire drift chamber for the focal plane of the BIG KARL spectrometer with high
position and angular resolution is described.
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DISCUSSION

H. PLENDL: How straight is the focal plane? - _
P. v. ROSSEN: The focal plane could be made straight by the use of the correction
windings, but its not really necessary, as we are measuring both position and éngle in
the focal plane. That allows us to reconstruct the focal points for larger momentum

Vid Lititn.

K. KILIAN: What accuracy can be achieved in estimating the entrance angle to the
spectrometer?

P. v. ROSSEN: One has to treat the horizontal and the vertical plane separately.
Horizontally, the angle—sensitive mode gives you an angle magnification of three which
wouid allow a very precise angle reconstruction. But due to the mixing of target position
and momentum for the image in the focal plane, the main error comes from the size of - .
the target spot. A size of 2 mm results in approx. 2 mrad uncertainty plus the
uncertainty due to the angle error in the focal plane. From this it’s easy to see that the
primary beam should have a very small phase space.

Vertically you don’t have the linear mixing of momentum and position. For the central
momentum one can directly deduce the angle by measuring the vertical position in the
focal plane. The vertical extent of the beam spot is, in first order, of no significane. The

precision obtainable is around 2 mrad. For the of momentum of the particles one needs .

o have the angle information as well, as the transformation matrix is dependent on the
beam momentum. Thus the accuracy depends directly on the momentum deviation. -~
For a full evaluation of the errors it is necessary to use at least second order effects, as in

second order all coordinates mix.
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B.J. Lieb

George Mason University, Fairfax, Virgina

The Hadron Ball

A 47 detector for charged and neutral particles with moderate energy and space
resolution and consisting of 32 BGO crystals has been built and used at LAMPF. In the
COSY 10 experiment, it is planned to position it around the target to record background

events.
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DISCUSSION
H. PLENDL: Do special precautions have to be "t'a_ken _'__to maintain a constant
temperature environment for the BGO detectors? R
B.J. LIEB said he felt that a normal laboratory environment would be sufficient and
that such an environment was no{ available When_ the_ de_te(__:__tors were used at LAMPF,

where the lab doors open directly to the mesa. :
H. MACHNER noted that LED’s could be used for temperature control, if necessary.

B.J. LIEB stated that the BGO Ball comes with a full set of FERA—type eleciromnics, so
that a minimum of setup effort will be required.

W. MEILING: When will the BGO detector system be available?

B.J. LIEB: A formal request to LAMPF is needed. :'-:[S_uc_h a request has since been
written and mailed. The editors.] The detector is used no more than a few months per
year at LAMPF. [It will be shipped to Mainz in 1992 and be used for several months in .
an experiment at the MAMI accelerator. The editors.] = 3
H. MACHNER noted tha{ minor modxﬁca.tmns could be ma,de on the system if
LeCcessary. ERE R

A. BUDZANOWSKI reminded the speaker of the need for detaﬂed drawings.

B.J. LIEB said that he will request any available information from Chris Morris, the

designer and principal user.

K. KILIAN reiterated the need for changes in the present design of the Ge Wall
structure to accomodate the BGO Ball.
G. RIEPE agr_ee_d he will continue to work on this problem with all concerned.
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K. Zwoll

ZEL, KFA Jilick
and

W. Meiling
T.U. Dresden

The Data Acquisition System

The architecture of the data acquisition system that has been designed in collaboration
with the IKP data analysis group is outlined.
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COSY Data Acquisition System
for Physical Experiments

W.Erven, J.Holzer, H.Kopp, H.W.Loevenich, W.Meiling » K Zwoll
Forschungezentrum Jiilich, Zentrallabor fiir Elektronik, FRG
Karnadi, R.Nellen, K.-H.Watzlawik
ungszentrum Jilich, Institut fir Kernphysik, FRG

® Introduction

e System architectur

31 4
- General layout

- Digitizing level with CAMA
- VME Eventbuilder
- Host Computer System

@ (Conclusion

K': Physik, FRG
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Nordrhein-Westfslischer Universititen),
a collaboration of COSY users, the data

ition system has been discussed since 1990




on the D a’é& A@qmsm@n System

@ Open architecture to allow use of futtre components

mth better performance

e High flexibility to satisfy changing demands
of physical experiments

inimum effort for own module developments

® E@@i@a@mﬁ ot one data acquisition sygégem S LR
to each iment




Main Features of the

COSY Data Acquisition System

® Apphcgﬁtmﬁ of W@E f@veé mentation - -

® Intercrate connections based on the VICbus

® Distributed intelligence using controllers based on
the CPU family @8@3@ and the 0S-9 real-time operating
gystem

ment control,

@ Application of workstations for experi
- data analysis

tan dm@med @@mmm@atz@n pm‘mwis Wﬁth

Fi f e § el U .__5‘.7 3.3




S

- level

| ist

trigger
leve!

2nd
trigger

3rd
trigger

"~ level

detector arrangement

N

detector slgnals \
Ve
preamplifiors, tmeo-io—dighsal converters, buffers,
discriminators Io?k;a} crcults, counters, supply, control
anaf@g— e—digital converters !
inilalization,
AL| monltoring
NI crates |
""' N
magn@ﬁi tape
. |[Ethemet
' DACQ control
*from COSY control
Architecture




@

_.With 84 ‘i}w;@lgtsd@m @ahle

VICbus

A v Beonarnaine ? Lavrnatinmal @%@ﬁfgﬁ%ﬁé

m&. M&M@A &L&% &L.& Uerl ZLEL VAR AAGES WS ULLALRAGLE A
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7
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® Development in @@ép@faﬁ@n with CES/Geneva

15 CPU
library

ansparent operation in z@e}aﬁ@m with a %
ng under 0S-9 and CAMAC ESONE

scal intelligence with fast list processor and

'ft c@mpﬂ@f on the VME CPU -

@ St@é—aloﬁe @S—% system Wﬂf@h LAN connection and NFS |
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‘rumentation

e In general, modules with on board data reduction gh@uii
“'; netics and Philips)

be @f@f&ﬁeé

TBUS Crate + FVSBL+ VMV +

'CPU (0S-9), NFS or Winchester
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ultiprocessor System
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N
4

ized assembler code

@ High data éhmughput due to o)
- ctures hidden

o

programs and system-wide buf
from OS

® Set-up, monitoring, control and programming support
running under OS-9 real-time operating system

® Permissibility of high data rates (>300 Kby

® vsBmgmgimﬁcé :

e Additionsl adaption of several CPU modules to a syn-
chronisation bus

@ SCSI connection to external mass storage unit

e Optional connection between VICbus and host computer

N | J
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COSY Data Acquisition System for Physical Experiments

W. Erven, J. Holzer, H. Kopp, H.W. Loevenich, W. Meiling!, K. Zwoll
Forschungszentrum Jillich, Zentrallabor fiir Elekwronik, FRG
M. Kamadi, R. Nellen, K.-H. Watzlawik

Absiract

For nuclear phbysics expedments at the internal and
external beam of the Jiflich Cooler Synchrotron COSY, a
three-level data processing and zcquisition sysiem shall be
developed. Signals from various detector arangements are
digitized and preprocessed by CAMAC, FASTBUS and VME
medules. A muldprocessor system bassd oo VMEbus is used
for event-building, daia recording and buffeved data transfer to
the host computer. All crates are comnscted by parallel
VIChbus, For this, an intelligeat CAMAC cate controller with
VICbus is under development. Microcomputer-based VME
modules are equipped with CPU's of the 680X0 family,
working under OS5-9 rezl-ime opersting system. The data
acquisition sysiem is mainly based on comnnercially available
modules. For experiment control amd datz  aoslysis,
workstations a5 pait of a local closter are provided
Proprietary standards developed at CERN, together with OSF
open standards will be implemented. TCP/IP protocsis for
VMEbus masters and host computer sseve for imitislization
and command traasfer.

I. INTRODUCTION

The  Cooler Synchrotrea COSY, under comstuction in
Jillich, will deliver protons in the epergy renge from 40
2500 McV for mediom esergy nuclesr and particle physics
experiments. In the synchrotron and storage ting of COSY e
protons, which are injected from the cyclotron JULIC, are
cooled by two facilities: an eleciron beam ceoling system st
low proton energies and a stochastic cooling awungerment at
higher beam energies. The accelerated : proten beam is
characierized by -high phase space depsity, allowing
experiments with well-defined beam momentum, high spatial
resolution sud low background Verous exiemnal target
stations are possibie supplisd by the exiracted beam, using
pariicle detectors in combination with the magnetspecivometer
BIG KARL or with the Time-OfFight ( TOF ) spectrometer,
which is being constucted [1]. Furihermore, at the internal
beam, physical ‘experiments are prepared which enable
measurements with - exiremeiy thin . targets ‘and - low
background. Lo :

! On deputstion from Technische Universitit Dresden, Abteilung
Physik, FRG

Forschiingszeniruin Jiilich, Institut fiir Kernphysik, FRG

In the cxperimental enviroament, scintllagon and
semiconductor detectors, drifi chambers and  Cerenkov
counters are wsed. The aumbsy of detector channels is not
higher then about 1000 ip each detector componsat. "CANU™
(£0SY-Arbeitsgemeinschaft Nordrhein-Westfitlischer
{Iniversitiiten }, a collaboration of COSY users, ecommends a

eominon smucinre for the data acqumisition system serving

COSY experiments [2]. The main features of this are
described as follows:

- Bach experiment or target station should have "its own”
data scquisition systam.

-Readily availzble bardware with proven concepts,
bardwsare stapdards snd spproved software peckages
should be gpplied as for as possible to obtzin minimal
cost and sk

- An cpen architectire sed modular design of hardware
angd software should gusrantes zdaptability o modified
rquirements of physical experiments and 10 more
sdvanced componseats.

Based oo these mecommendaticns the swucture of the

COSY data soquisiion system was defined, which is
deseribed in the following secrions.

I, SYSTEM ARCHTIECTURE
A. General Layout |

The configurstion of the COSY data scquisition system is
schematically shown in Fig. 1. For digitizing the detector
signals, CAMAC snd FASTBUS modules are applied. If
availzble, - sultsble VMEbus modules can be wsed The |
subeverz data blocks are read out by subevent readers which .-
are located in the event buildsr VMEDbas crate. Under conrol -

of the event builder the subevent data blocks sve presslecied, -
ﬁmedtoevenida&ablmmdsmedomomagmmtape :
Daza snalysis will be done by use of workstationss which are -
svailable as host computer cluster for all COSY experiments.

The imerconnection of CAMAC crates and FASTBUS -
crates is besed on the VME ImterOrate bus {(VIGCGus).
Therfore, some expense was BeCessary 10 developaCALﬁC i,
czate controller with VICbus conpecticn ( see Fig.2). ©

It should be imentioned that all intelligent crate contrellers - -

and VMEbus imaster boards are . equipped with

. microprocessors of the 680X0 family, moning snder the
realiime opsrailng systemn OS-9. Fugther, Btheret is used for:

control arxd event data iransfer (o the experiment workstation, - -
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petion] sRretie

BPast
Fig. 1 The COSY datz acguisiiion system.
B. The VICbus: An emerging international standard

In the past several approaches of proprictery bus designs
for conneciing coatrol equipment systems 1o esch other over
paraliel buses have been published. A vew aitempt to specify a
stzndardized bus for this pwrpose was underaken by & small
cew from companiss and resgarch cenires with the VIChus
document 3], The VIChus was - initally designed for
interconneciog VME: caiés in a Guospment  of Don
transparent ‘way to fulfil the growing peed of lasger
experimental and process control equipment. Des to #ts wide-
sprezd scope in the fumre it also gives the faclity to
interconnact other systems than VME. Io the case of
CAMAC, the VIChus has been chosen for replacing the
CAMAC Branch Highway with ts expensive cabling and
connector technique. Furthermore, the stendardizaiion effect
Ieads 10 an “economic and high performance imterfacing
technique *for worksiations snd computes with exposed
VhiBbus as I/O port. Some companies are going 0 implement
the appropriate software drivers.

VIChus nses standard flat cable with low-cost conneciors.
Signal muldplexing allows use of 64 twisted-pair cable. The
VICbus is capable of spanning the length of up to 100 meters

froza COSY contro!

with 2 differemt timing for shomt (<3Cm ) or long (30m-

100m ) esbles. Up to 31 devices are permitied oo 2 single
VIChus segment Though the need of the arbiiration -
mechsnism for multimaster environment is foressen, it is not
used by sss,becanssafor&mmhmﬂoamlyamulﬂsla%__

system with a single master is needed.

The VIChus data transmissicn protocols ere two fold In -

the "comypelled mode™ with 2n end to end ackmowledgement,

pormsl data rates are possible, The nm-comneﬂedmode”_':
oﬁesmgmrspwdmmmmampdmdopmum-

medz ap to 33 Mbye/s.

To simplify the design of a VIChus interface, an ASIC has
beza developed by the company CES. This ASIC includes the

logic for corate momber decoding and for emapping 2o

individual interrupt to the 32 different interrupts on the

VEChus &s well as most important inierface registers.

If the VIChos is used for data scquisition with several

VIChus segments connected to & single VME crate, 8 ViChas
to V3B interface is required, which will be developed in the
mear fulure.
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C. The CAMAC System
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Fig. I Schematic disgram of the imtelligent CAMAC crate

coatroller with CC-A2 functionality and VIChus intexface,

PRE P TP

Within the famework of the data soquisition system, a
CAMAC cxate controller in cocperation with CES Geneva
has been developed. Fg.2 gives a blockdisgram of the
contreller, To avoid the diffienlt programming of a bit-slice
processor, the execution of CAMAC routines is divided in two
patts. The first one porforms the CAMAC Datsway cycle and
supports the blockiransfers with highly integrated PAL's. The
more complex tasks are executed by & standard
microprocessor ( Motorola 63030 ) which rums, whensver
possible, in its own cachs memory. The controller follows
CAMAC BUR 6500 specifications and canalso beussd asen
auxilizry comtroller, in order to give a smooth migration from
existing CAMAC sysiems to a state-of-the-axt equipment,

The coniroller is optimized for a fast readont biockiransfer
without any deadtime betwesa CABMAC cydes. In "shont
cycle” cperstion mode, the performance is enhanced by
geperation of & oon-sisndard Dataway cyde of 600os
duraticn. To decouple the VICous readout from the integnal
operation ofﬂ:emmnpmor,adualpoﬂwm been
xmplaemenmd. :

The processor part has emcugh FesCuross €0 suppori a
stand-alone  operation under OS-9 with nstwosk connecticn
over Bihernet, TCP/IP and NFS.

In the tansparent mode of operation a 2 Mbyie sddress
rznge of the VIChus can direcily be mappad to the NAR
Cominand bits and some auxiliary conizol bits, This lrads o a
-very simple and economic- implementation of the system
without overbead due o umse of & mzcmpmcessor ami
associated circuits.

The VICous interface suppons the auto-address increment
mode to pass blocks of data to or from several contiguously
addressed locations of the dual port RAM. Only the address of
the first location is specified, and thereafier the 2ctual address
is incremented during & read or wite cycle. The VIChus
controlier ‘part has beep  implemented by ‘standard logic

devices, PLD's and the above mentionsd special gate array
from CES.

Following the CAMAC specifications, 2 library has been
written consisting of 2 subset of the ESONE CAMAC routines
and implemented according to the CAMAC implementation

__for the OPAL Experiment Bnt inttead the CES
Branchdriver ( CES CBD 3210 ) the VICius interface with the
CAMAC crate controller is suppostad in the ransparent mode.
At CERN, the library bas been wsed with RTF ( Real Time
Fortran ). In our application matoly C is desirable; therefore
- some litile changes and adaptations must be foreseen. In a
second step, & CAMAC list processor will be implemeanted 0
echance the execution speed of the CAMAC operations. The
readout of CAMAC equipmest is then performed by user

- wiitten CAMAC lists, This is a text Gle that represents a list of

" basic CAMAC opersticns ( called CAMLIST ) to be executed .
when a trigger occurs. A CAMLIST compiler witch is based
msioly on & CERN implementation [4,5], generaies a code

faly te aammisad b ferallimens vamcian of the MALZA O
which is emecuted by the intelligent version of the CAMAC

controller,
D. FASTBUS instrumentation

To folfil the requirements for the FASTBUS systems we
have chosen & two fold sclution: '

- For high performance requirements we will intsgrate the
"AEB - ALFPH Event Boilder” [6). Especially the
electronics for the experiment development by the TOF
{Time-Of-Flight } collaberatica will nse this solotion
with & prelirainary software approach [7]

- For moderate performance we have chosen the "FVSBI -
PASTBUS 0 V5B Lmerface™ PASTBUS conirolier {8]
wiich gives =a adegquate solmicn for data rates wp o
4 Mbytes at 8 reasonzble price ( over then 504 less than
ike AEB ), The sofiware is a C - Library wiich exposes
2 main fooctionality - of the "US, NDM Commitiee
BASTBUS bbrary [9].  ~ '

We recommend the pse of the new family of FASTBUS
ADCs and TDCs with on board dats reduction, such as; zero
wpmmmmmmmmmvemmpmbie
overall dats soquisition speed.

For both solations we will develop xmerfaoes to aciapt tbe
mdmdua[comonerstotheVICbm - '

E.VME Eventbudder

The basic building biocks of the VME event tuilder crate
are commercially available single-board VME microcomputer
boards ( se2 Fig. 3 ). Each single-board computer is dedicated
10 a specific function. So the subsvent readers are responsible
t0 collect the event datz from the frontend electronics
(CAMAC, VME, FASTBUS ) via the respective controllers
and VIChus, The use of one subevent reader for each VIChus
segment allows mmulmmec-us readout of the several fmnt-end :
controllers, -
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Fig. 3 Schematic diagrain of a VME Eventbuiider crate,

To separate /O traffic from the ViEbaos and thus to
reduce the required VIMEbus bandwidth, the V8B is used for
connecting the VICbus. For this purpose = g2t of line driver
modules interface the VSB to VIChus and vice versa. Thess
modules are also responsible for conneciing the subevent
readers with the trigger eleciromics. The design of the driver
modules will be carted out o0 adapt CPU boards with
different functionality - &5 - far a5 the. V3B interface is
concerned, -

To limit the number of sofiware versions we decided to
focus oo two board typss for ihe subevent meders. The
FIC8232 (from CBS Geneva) ‘was chosen for - high
performance applications and e Bovecom & (from Eliee,
Mainz, FRG) a5 a chesper version for moderate user
demands. Both are equipped with 2 63030 CPU supning st
25 iz, as well as Bthernet connection swed 4 Mbyte of RAM.
Since the subevent readers also function as ViiBbus masters,
they can send their formatted datz to a global event buffer in
the event budider CPU, which formnats the dat i 3 common
data struchme ( ZEBRA with expeximent specific extensions ).
User written routines can manipulate the raw event data. A
SCSI interface serves as the data channel to Exabyte or IBM
Sumsmit tapes. Some sslecied events can zizo be transfemed
via the Ethemet TCP/IP coonaction to the host. Furthermore
the standard VIChus connection can offer a high-speed daia
channel to the experiment computer. The mew 68040 bassd
VME CPU boards give sufficient power for the event builder
function. Usntl pow we have the choice berween & two
processor board mannfzctured by CES, or single processor
boards from Eitec or Motorols. In any case, the 08-9
operating sysiem should be the basis of ke VME sysicm
software, For monitorng, comrol and tess, tasks in the
context of OS-9 will be implemented. For fast event data
collection and transfer through the system, 21l the details of
the O5-9 system should be hidden from the appropriate user
programs, As programining suppor. we ae ivsialling the
UniBridge cross-software from Microware oa an Ulirix DEC

 station, which is accessible over the network facilities of the

ressarch centre in Jilich,

F. Host Computer Architecture

In the symeriment savivonment workotatinne will ha ncad
4 E¥ SEpTILMCHL &Y

for experiment control and data analysis. These worstations
require high CPU performance, = minimum of 16MB
memory, powerful 3D graphic supported by s Iocal graphic

.. processor znd regarding IfO chaunels, Bthemet, SCSI for
- local disks and tapes as well as conmection to the VivEbus.

Also in the futwe FDDI will be aspired. For the first
geasration of COSY experiments & workstation cluster with 2

- central server and worksiatons as satellites are scheduled.

Becsuse of the actugl odeotation of our collsbomtion,
VAX/VMS with 2 migration to RISC/UNIX i desirable. In
the first pericd, on the VAX side the operating system VMS
with LAVC, DECNET snd LAT is used, and the connection to
the UNEX woild is realived by employing VRMS/ULTRIX
coansction with NS, RPC and ARPANET ( TCP/IP, FIP,
Telnzt ). Within the closter the seiver is relsted to cenival
services for worksiations, in pasticular supporting common
system disk, batch snd petwosk service, clusterwide user disks
ando&ersyaemsemmrdmgtohbwmdgm :
d&mmﬂmaﬁw&aaﬂms&ﬁw&

COsY
sontrel
workelation wotkstation workstatien
L1} ooe
Jexperiment §  leuperiment ||  Jexperimentin)l ESpridge
‘E 1KPnst T
senrer ) é
-O LAKC Wr\mr rspaate ==
. HF8 aﬂnter ihln-’esim
s !aﬁer Ethemal

Fig 4 Host configuraton with Ethernet backbose. -

Wodcstations for the experiments possess local disks and
i2pes respoctively, These disks are used for paging and
swapping of files, experiment specific dat2 scquisiticn
sofiware and as container for OS-9 VME software acoessed by

UNEX stations are equipped with local system disks, and
the access to the central server will be provided by NFS. The
worid-wide network communication, including electmmc mai.l
xsreahzedbyM‘ERN‘ETasweIlssBITNET .

G. Host Seftware Structure .

m gemeral, the czpabﬂmss ef acquisition  sofitware
acconding to (e requirements for the first generztion of COSY
experiments [1] comprebend experiment control and data
analysis. Experiment conitrol consists of funcdons such as
remcde set-up of digitizing end auxiliary systems, run conirol
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with efror handling, including communication with COSY
Control as well as moaitoring concerning the system Status
and its dynamic behaviow. Data apalysis comprises on-line
sort and sozlyzing of event data, its graphical representztion
with histogramming functions, track recogaition, 3D imaging

of detector arrangements and racks from variable angles of

view.

The essential criteria for the design of this sofiware are:

- scalability, with the aim, that for each experiment or
target station an independent acquisition software of
similar gtruciure can be uwsed, fulfilling the represented
Tequirements,

- portability and compatibility with respect to the opsrating
system snd Dardware srchitecture,

-commnoen user interfece as far as the handling zod
operating is concemmed.

Regarding physics requirements, the employed softvare
will be pmprietary standaxtk MODEL [10] =od PAW {11],
established in anclear sics. On the other hand standards
will be implemented, %pecmlly TCP/IP =nd NFS for the
communicstion with the VME systems as well as X-
Windows/OSF-Motif as common user iiverface and GKS or
PHIGS for graphics application.

On the host side, all operations will be processed
asynchronously regerding the event data flow. Depending on
the event raie and the CPU load, a varizble, statistically
representative selecticn of events will be fed for data analysis,

An event covers cbe o more subsvents. Bach subevent is
dedicatad to one digitzing system and bas sa individual data
structure, On the other hand, each digivizing system consisis of
a set of multichanne]l modules, selected randomly for esch
event to daliver dara, Consecutive events have different data
lengtin.

In the software, logical links for set-up swd conwol of
digitizing and auxiliary systems as well as the amsngements of
event data to the individual channels of detecior componenis
will be achieved by:

- bardware configuration data sets, wharein the digitizing
gind auxiliary systems are assigoed to the defector
components soconding to its type and the individgal
equipment,

-set-up data for inidafization comprising ol in the
experiment active systems including the actual set-up
parameiers,

- assigning (o cach type of digitizing system 2n readowt
routine with defined subevent strociure and an accomding
subeveni decoding routipe,

The scquisidon software will be of modular strucirs in
such 2 way, that independent experiment conivol and data
analysis functions are combined fo processes with acoess to a
commeon database.

All processes will be cootrolled by & common user
interface. Independent processes can be activated from one or
more workstations or terminals. On the contrary, data flow
dependent processes like event buffer disitibuton, event

deceding or on-line soriing are rupning synchrenously in the
background.

The datebasz will be realized by the ZEBRA Data
Struchure Management Package {12], wherein for event data
ZEBRA Exchange Format will be used, with defined event
aod. subsvent data . swucture. AN -other dats, cspecially
gvaluated event data will be stored in ZEBRA Naiive Format.

In the first step, 2 basic functionality will be realized for all
experiments. Additicaslly sofiware interfaces and tools will
be provxcbd for e@emnwg specilic extensions.

HI CoNCLUSION

This paper reflects the conceptual design for the data
scquigition system st COSY started in 1990, It is bassd on
gpplicaton of existing or emerping intermational standards in
bardware and sofiware. Some hzrdware for this i being
de%lopedwﬁﬁﬁi&ewq&mmemof%ﬂ@us especially

mkeyﬁmwoﬂwﬂlfmt}nmeevemusoﬁware
strocimre and ity implememeation. In this respect the GSI-
GOOSY sofiware system [13], which is mow wnnder
considerafion, will ia main points meet our requirements as far
as the front end controliers and the multiprocessor sysiem afe
concernsd. The host sysiem software, as cullined in one of the
previous paragrepbs, will be based on software packages
developad a1 CERN,
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DISCUSSION

J. KOONIJN asked about the possibility of on—line data reduction at higher rates when

needed.
K. WATZLAWIK replied that on-line data reduction is not provided for at the present
time because of the cost involved, but that it can be added at a later time.

H. MACHNER asked when the system would be available to the experiments.
K. ZWOLL replied that this will be by the end of this year.
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K. Watzlawik

IKP, KFA Jilich

The Host Computer

The part of the data handling system that will permit on—line data analysis is described.
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Hardware Architecture

Workstation Cluster with central server and workstations

FEE RS2

as Saﬁe!h%nc‘ . -

- Architecture: VAX/VMS with a migration to UNIX

e ————— e + e — 3

- Operating System
VMS with LAVC, DECNET, LAT and B
VMS/ULTRIX-Connection with NFS, RPC, ARPANET

(TCP/IP, FTP, SMTP and Telnef)

Server:
- comimon system disk, _
- batch, printer/plotter queues, network setrvice,
- clusterwide user disks,
- common user system with libraries,
general data acquisition and evaluation software.

Experiment Workstations:

- high CPU performance,

- min. 16 MB Memory,

powerfull 3D-Graphic, local garaphic processor,

{fO channels:

Ethernet, SCSI for local disc and tape,

connection to VMEbus, in future FDDI,

local page/swap files, exp. specific data acquisition software,

container for VME/OSS software.

]
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Summary

- VAXIVMS Workstatinén Cluster
for the present appilications and
for the 1. generation of COSY experiments,

- RISC/UNIX (ULTRIX} Workstation Cluster
for the 1. off-line data reduction,

- RISC/ULTRIX migrations or RISCVMS_
for advanced COSY experiments,

OSF and POSIX standards are reco_mend_et
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Off-line Data Evaluation Requirements

Assuming that | o o

- one experiment of 2 weeks runtime with 100kBps (iKB/event)
produces 100GB of raw data, S

- availability of COSY for experimenis are 50%,

- availability of the Experiment are 80%,.

hence it follows for IKP COSY Experiments
- data rate in evarage 24 KBps,
- 750 GB of raw data per year

{about 200 EXBYTE 8500 cassettes}.

Off-line Data Evaluation:

1. Data Reduction --> local in the IKP
(2.5h CPU of IBM 3090 for 200 MB raw data)

- CPU power about 10 MFlop (LINPACK n=100, one IBM 3090}
for IKP COSY Experiments,
- reduction factor 3 to 4,

2. Data Reduction --> local in the ZAM
event reconstruction, track fiiting
(12H CPU of IBM 3090 for 200 MB of raw data)

- CPU power about 50 MFiop (five IBM 3080),
- disk capacity about 40 GB,
- reduction factor 15.

' 3. Data Reduction > local in the IKP
correction, visualisation

- graphic performance
- disk capacity.
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Networks, KPnet

Hequirementis:

focal INTERNET subnets for COSY Experiment Networks,

I3

separation of Ethernet cables by Bridges or Routers
with the aim fo optimize the distribution of network trafic,

experiment networks must be independet from KrAnet

(Router, Gateways),

FDDI for data transfer to ZAM for off-line evaluation.
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On-line Data Acquisistion Software

Capabilities, Functionality

Experiment Control

- gemote setup of digitizing and auxiliary systems
(HV power supply, trigger..),

- run control,
control of front-end hardware, error handling,

communication with COSY control,
control of auxiliary hardware {gas supply for DCs, MWPCs,

vacuum and farget control....}

- monitoring concerning system and experiment run status
(scaler, data end event rates ....)

Data Analysis

- onine sort and analysis of event data,

- graphical representation of data,
histogramming, frack recognition, _
3D imaging of defectors and tracks form

variable angle of view.
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Genaral Software Structure

Software Tools

Proprietary, in nuclear physics established standards
developed at CERN: '

- MODEL - organisation of data flow, control _bperatioﬁs,

- ZEBRA - Data Structure Management Package for the Database
KUIP Kit for User Interface Package

- PAW - Standard package for Data Analysis,
- CERNLIB, HBOOK (Interface to Htstogrammmg)

HIGZ (High level Interface to Graphics and ZEBRA)
HPLOT (Plotting Interface)

Open Stardards

- TCP/IP, N‘FSQ for the communication with VME and COSY Control,

- X-Window/OSF-Motiv as common User Interface,

- GKS or PHIGS for graphics applications.




Organisation of Data Flow

Setup, control of digitizing and auxiliary systems as well as

arrangements of event data fto channels and c{etec{or componets

will be organized by:

- Hardware Configuration Data Set
digitizing systems
auxiliary systems

type, no of systems aquzpment
subdedsciors ————s no of mudules, channels
- Setup Data

enabled Modules and channels, pedestals
sort configurations ,

- each type of digitizing (auxiliary) system are assingned to
a individuali
Setup Routine,
Readout Routine with defined subevent structure

Subevent Deceding Ruotine.
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DISCUSSION

H.MACHNER: What portion of the hardware would the experimenters
have te -provide? .

K.WATZLAWIK: The front end and the work stations, ‘which are
available now at & cost ranging from 20 000 to 80 000 DM.

It was also pointed out that stand-alone systems willi be incor-
porated into the cluster and that work stations not in use at
the time of an experiment can be used for on-line data analysis.

H.MACHNER stated that, for COSY 10, more than one work station
would be needed,; either in stand-alone mode or connected to
SERVER.

H.MACHNER gsked why different systems are to be used for data
acquisition and for off-line data enalysis.

K.WATZLAWIK replied that there is no sufficient computing power
available at this time. With the 64 bit RISC architecture, which
will be available in the near future for VMS as well as for ..
ULTRIX, both on=line data acquisition and off-line data evalu =
atlon can be realized with the same work station.

K.ZWOLL noted that computing at TKP at present is. VMS-based, but
that computing in the future will be UNIX-based,

H.PLENDL: When will the UNIX system be available?.

K. WATZLAWIK: We are mow at a stage where a break in computer
architecture is pccurring: About itwo years from now, the new
system will be user«ready, but. in the mean time we must get by
with the old one. A b o

K.Watziawik also ststed that he plans to use the CERN software
for data analysis without modification.
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D. Filges and P. Cloth

IKP, KFA Jilich

Monte Carlo Studies

A Monte Carlo code based on the Bertini code is available for detector simulation
studies. Its usefulness is demonstrated on a calculation that was done for the COSY 10
experiment.
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Monte Carlo Studies

- The Jiilich Monte Carlo - MC3 - for Detector

Simulation
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tlag. a,ﬁ Howte Carlo M C S

MCJ Run

Start run
initialyse the program
read the problem input (CMD, USRCMD)

| _record start of run __ (SOR,USRSOR)
tvent loop
Start event (508, USRS0B)
Source (feed stack)
Stack toop

Tracks, collisions, decays (Scores)
End event
process the Scores (MCADET, USRDET?

(digitize, apply trigger logic)

fill histograms & record end of event
O (E0B, USREQB)
End run (EOR, USREGR)

output histograms & record end of run

call CMD for postprocessing
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MC3 organisation Page 1
Frame routines
~controll inputZoutput and program flow

o G T m— — i e A, . G, i i — — — i o mmimim s et i i ey s

Physics routines
SORS ;generate source particles
~ import source particles from files

generate primary collisions (PSM)

Geomeiry provide a region for each point

| find distance to boundaries

(default is CG-L2 package)

Decay proVide'parficle decay

SLOW provide bartic[e-énergy loss

COLISN proVide ngctearainteraction
(BertinE:INC'f'EVAP in préparation)

physics routines ball'QNAEVT to interface

with the analysis package
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MCS organisation _ Page 2

Analysis interface
ANAEVT is called when
source particles are generated
for each particle track -
after each collision
. after particle decay
after_particles_esbape
after particle death (E-cut)
ANAEVT records
%, t,P E type of particles
+'delk delt delx (for tracks)
' + collision type
scores recorded depend bn input requests
particle typesg_fegions cr surfaces can
‘be $elected by input :2_ )
Scores are stored on common /HIT2/




Start run
Initialyse problem independant data:

Particle property table
Decay table ”

all CMD to read the probiem descr|ptton
Geometry description

Material description.

Source particle/ collision description
MC3-MCA interface description (SCORES)
MCA digitiser description (DEFDET)
Qpplication |nput (vxa USRCMD)

call SOR to generafe Starf of run trigger
and initialyse the analysxs
alt USRSOR for app[ication spec1ftc Iinits

In user code
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Event loop

Start event
clear particle stack

report start of event, clear Scores(SQB)

resetl user_event analysis (USRS0GB)

Generate source particles
call SORS for beam particles
call SRSCOL for source collision (PSM)
push particles on stack and call ANAEVT
Stack loop (until stack is empty)
pull top stack particle

perform particle tracking loop

End event )
call MCADET'(USRDET)_to process Scores
call E£3B (USREQOB) S

to fill histograms and

record end of event
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Particle tracking loop
find di;iapgg_for the next track

call Geometry to find region

and distance to boundary

find dist. to collision
| _find dist._todecay
fly minimal distance
adjust xyz E 1 ?f

score track

__select act i_0n_=r _esc. bound. coll. decay
when then
colliston | call COLISN
decay ! call DECAY

boundary | [oop back

|
1

'a[I’Scores are done in ANAEVT
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Parameters Used

energy resolution sitnulated by a Gaussian with

c = +i00 keV

2 different assumptions for angle straggling
o = *1mrad Gaussian

o = =5 mrad Gaussian

_proton beam momentum 834 MeV/e

- (slightly above pion threshold)
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MC-Simulation
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DISCUSSION

K. KILIAN pointed out that the resolution that can be achieved with the beam, the
spectrometer and the focal plane detector as currently designed and with a thin target is
of the order of 0.5 MeV. Compared to the pion—nucleus binding energy in the atomic 1s
state (+- 1 MeV) and the level width (~ 100 keV) that is not good enough, he noted,
because one cannot correctly reconstruct.

Should one, therefore, reconsider the old detector arrangement and put high—resolution
wire chambers after target and Ge Wall?

Or should one rely only on the Ge Wall and use the spectrometer merely as an "active
beam dump"?

H. MACHNER noted that there will then be problems with the beam halo and that one
needs to use the spectrometer together with the Ge Wall in this experiment.

P. v. ROSSEN noted that we do not yet know for sure what kind of beam COSY will
deliver.

H. MACHNER: Monte Carlo calculations need to be made for the new detector arrange-
ment.
D. FILGES agreed to the need for such calculations.

K. KILIAN stated that he would consider the experiment to be successful, if it just
showed evidence for the production of pionic atoms in a hadronic interaction, even
though the goal of the experiment is to determine the energy and width of the levels of
such picnic atoms. He also noted that 4OCa is a mice target, because one does not expect
to see core excitation.

H. PLENDL added that *3Ca would be a good additional target, because neutron skin
effects may become evident.

J. KOONIJN stated that, according to his calculations, one can expect the line width for
4803. to be narrower than for 2Ca.
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H. Machner

IKP, KFA Jilich

A Pre—Experiment

A study of the reaction p + 2H - 3He + 7 with a 47 geomertry, an experiment that will
allow the testing of the components of all detector and data handling systems separately,
is proposed. The intrinsic interest of this experiment is also discussed.

167







= f.,..
7% =24k AE0E £ §45
tevied
- & .
pete=2) .

S Stomdendl _yp % was P’

168




o (ﬁgﬁ«g’a sealesr )t

-5
A e ke
o7 299! 7t
o K ut
4 d 4 i g e
—p X
-4 % 0 Y 4 3
$ A4~ (vectsr ):
-4 4. Pl 75°
ok ¢ g o e
=g >
4 £ i H : LN I
A - 0 4 27 *z

170




e ¢
I f?émm §; :
[ M-k #=-k*

1660 4~

gy

Cx

<
!

460

> (M@y}

&0

286 i
T

3 -4

o
€3

A o ﬂ’%ﬁm?. o

oy
L)

N

. ©
Ay,
L)
3

14 pseq doscel av Z |

T . ‘?fg g /? Q -

. ({ mesens




se(3) ¢ ?a@e@&é‘é’?

?wé%}'
lusv di=25%

y {g2= W >
e

dﬁj -

- A '“éﬁf&{>
= >._._.--!éféi
1.Q i e e 4

o &
| 7452077

o . ctarge Ty 20
g,r Sﬁﬁ?ﬁé‘és"@? wé’ dhen
o y=d

[o]4]

c

o

>

i X

Non-strange quark conlent

tent {4]

X and y are defined in the foramula:

. 4 - = =S

y }?!>s§;i/ggk'ﬁ€£?" SS>
. . 3

= _ ]
.,g ;?‘S =/ £5D

8 =9 rf:fifﬁf
*w;f\ . j = _

g ! ce e Samme és:.-ﬁs.’«-#,

o éééa ded

)

Lf

= .

‘G’ -

)

-

i X

Nen-strange quark content

Fig. Z n' quark content- [é] {"*dated for &->7' v [5] a.nd f‘or
: JIY => vector + pseudosca.lar meson {81y :

172




e
Feers Eriya EELkeRS
jitti i ey
seyp ity
e
e
b
* I I
B8 s =t roves
-t ey
17 T
+
i ey beats
= T Tt
: : Rndis
ey I
FROSE 58 bee S Rasd vas o
l iy + T
s t
T T
eatic] a setags
HoT aaeaataant: : i
! e ] ;
: Fa soaran: ;
= REiaeae] !
} R =T T T
o T ]
: :
. o ! R Ty s = T !
oabl t cbehy b : T ; :
T ; 1 T ;
f = : - T - T : : :
b A s T T T T T
: s aisuk 1 T ¥ Ht
e T : T ;
T 1 ek et 1 asiak T
: T T I L l; hl T
T T I R T 4 o + aersaans:
: ma) 7 e — T
K oy T At o1 pasiis: T By ?
E : Y i a3 pavrass TH 5k } 1
g = T = T I H
T T ; e : i H
¥ T T T T T 4 b T
tt ol £253) ! eeisTEIg Ao, ipos: :
t ey pase, : T
Tt f : : 1 e 7
+ T fadazads s : aan T e +
7507 i s : = ‘
T T TroT Tt r 1
: =+ T f e Eee S = e
THT T i HH I : ; 2o ; T evess
T 7 }
3 1+ T T : g
: ; T T ESszaiieen ¥ T T 13
Pttty T ¥ T 1 T H 1 I : 1
[l aass ;
¥ ! 1 } : i 0
: T 7 T
T ; 7 T T 1 T h
7 1 1 I i 1 + = T T
T : ] : ; f - 1 HHET
: e
f T : ; ; T i : TH 1
: 7 7 T
Wt i T ¥ . T T HH T 3
T T 1 L T T 1
=
Ty ' s
HHHd T B e e e 1 :
H H T H- T :
B 7 nn ;
T o Tk e Io§ IBSEE TARLESE: ; ;
+ I i ; = t { ;
1 ey T
: T
T
: : T
1 T + adnmaxsas ]
T ; T ) 7 ; T T
2% EREaaa I, : 1 t ; ;
: ; t 1 = T
T = 1 : T ¥ TR
: 7 H ! 1 A T T
: ! - t T 7 1 ] ; T
T !
; : ; : +
T " e : : s eaza;
= 3 1 Hrd ; t aas =i e T
: Thy T
T t > T o au awman ami T Tt T n
i : 5 BT I : T ik
g sov % ! s ! : :
} : T i
~ yaria) T o ; Ty = T T
T 7 T s
aase ¥ ; 7 man t ! ; ; ; =
L 1 T i T 1 I r
T T iy
X T T ; 5
; 1 3! {aEas: T . T
HH T HHELAH i
¥ 1 :
- ot -
1 Sa%: T fes : + THH
! " }
] : f i T HErH T
; ¥ T 1
TR 1 T iy :
3] e T I 7 =
} % ", 1 t T t > T it T
! S ! ] ]
i % ; : : :
T 1 o T T T
{ 1 EaLRn i i T
T T T e L
i t T :
T s sasrsas, f 1 -
T t } i
t f :
I
; ? :
oo ’ - : ; :
I : Y !
T - T T
eet T T iy T
: HHH T 1 ; 8
1 ¥ HY :
; T Y :
; i e ey earaa s,
7 ST : IS3E3]
a3 1T T 1 b
: o)
Sasasniataa! ; 7 : 1
1 i jesnes,
: ? 1
[3on pras : } :
i t + + T 1 : T
T 1T 1Tt + T + 3! 1
7S ] ] 1 I 7 Fxmee]
T 1 t
T EsaasEas) TH ;
1 T T . b 4 ¥ 4
T T . }
e ot 1 T T
T P L : : : T aass
i I e ! :
T 1 : ] t T
Ty T 7 T o
§ T T t =t n : THZ el
: =) s : ; \manasdas)on T 1
z i :
- T T
e T Asarsase s 7 T T ; T T ST T
T 1 T 3 T t = + T ik & +
T I11 T e = + % 1 1T LTIt T 44q
t ; Hi : T ‘
1 ot TH+= ot 1 JAReaaal T L] osRe pEREs Eeata BARES
: ; T et ¥ T :
T
MADE IN GERMANY

A4 2102397 mm




— p+dw3He+n

L

= 0.6

e 0.5F
a $
8 04F e ° ¢ ¢ ¢

2D
o ®
% 03F

e
= 0.2

72 I

o

5 g ; | | i 1

T 0 2 4 & 8 10 |2
2 Energy above threshold (MeV)
- ASIE % A4S 3]

f?éé’/c: f?e:é’ie;

Fzg ;‘? Top mew of one armn of muon deiecﬁmn for n— ;;z /;z

174




w

1000

B Eg%mﬂ@ iMa¥ /ol

Impuls - Reichweite

T
]

In Germanium

B

— 36 ~—



TA

San s

50 Sirolfonztihfer

uy

—
—
guon S pred oy -
2 g o pe

S

&2 wird e mlmmnv—mn' b2mm Durehmezeer golisfort.

‘R g Wr Montage und Bondpitiizo bendligh -

Monlagevorschlag zur Ermitllung der Zlhlerdurchmesser,

S 21981 He
Machnl

,wﬂg’& I soliof @egir e Corf-sosde

AL




T = Poep. 439 frev/e

p+d~~>5He+n

ﬁakEg
=¥ Xy

i ! I

. -
-
= * N
3 . .
E - =
E L3 * o
= +* :
* = =
° = B
+ El 2
& =
° [ o
o = o
-
o B =e
=5

L a
“Ruguanb

3He

1 l 1. l i E i .j. A

T
800

T

|
1200 1 6100

Poar (MEV/C)

177

2000




300

0 J

T ' i ' i

p+d——>SHe+n

T t

I

1500

i

R T LI — —
1600 1700 1800 1900 2000 2100

pPlab

178

(MeV/c)

.

2200




%o scot, onglo fdeg)

"He s¢ot ongle (degl

T o M i‘ﬂ- T um-.4-.—.‘--—-‘_‘
24 j
wﬁ”n Beam eRerdgs -
- T, =560 MeV ]
6 -
2 uw
1 4N
b=
3 ]l =
i -
8¢ 4 L3
1 | w
L, ” &
af 11 .
1 - 29
i $pes I
@ Ty
p+d—¥°Hetn
] k] i k] 1 1 T []
2 =
3
mow Beam eneroy -
3 T = 1360 MeV ]
16 o= ._Moo -
- :cc
2 -
- _oco -
T e
1 =
& T 2
E 3
1 »
- @ )
4 -
- %MD
o soaaVeaaad s oased s nn s XX
o nu 40 60 & 100 120 140 160 18O

p+d—> He+1p

5 scol ‘ongle Idegl

179




pedaHel s+ X p{X)=0
Threshold Exgitation Curve
10® Ths Workshop Lagse

.7

‘j‘t@

1 RN
] f@’g ¢\
d / 1 Q‘é%
. § "4
4 / _
E & . . ’
11y {
] .
7 P
q .
IU‘ e Y * T T T ‘1 Y ¥ B
<] 200 400 &00 g00 - 1886 1200 1409 is00 1800 20008

T(p) (MeV)

Fig.1. The threshold excitation eurve, We have derived the two datz poinis at ths =0 threshold
ﬁnm!m‘QSGSghymwmmoﬁﬁmmmmmIQWdasaTMemmraaa
mmmmmwammmmmmﬁgi

180




Fig. I. Laboratory momentum specteum
the reaction &+ p->He+(mm)°
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DISCUSSION

H. MACHENER, in reply to a question stated that the electronics intended for the
experiment can handle ~ 5 x 10° counts [s.

E. RODERBURG: Will the Ge Wall to be used in this experiment provide the only
trigger for outgoing particle detection? K. KILIAN: 3He, one of the two outgoing
particles, is an excellent trigger by itself because of the large amount of ionization it
causes. H. MACHNER noted that this will therefore be a low—background experiment.

K. KILIAN noted that the Ge Wall is a 4x detector, so that one gets a complete angular
distribution in addition to a full energy spectrum. Hence there is no need to reset the
angle or the momentum acceptance. Such complete acceptance has been accomplished so

far only in very few experiments at GeV energies.

H. MACHNER expressed the need for a Monte Carlo calculation for the experiment. He
also said that there was potential interest in this experiment at Orsay and that efforts
are under way to get people at Saclay interested, where the experiment could best be

dozie.
Finally he pointed out that the experiment would be a test of recoil—free kinematics as
applied to a particle interaction. If successful at that level, the experiment could also be

used to prodice f—mesic nuclel.

The meeting closed with an announcement that B.J. Lieb would give a seminar the
following day on the results so far for searches for 7-mesic nuclei at BNL and at
LAMPF. | -







The presentations and discussions at the collaboration meeting gave a clear picture of
the motivation for the plarned experiment and of the apparatus and methods to be used
for its realization. Technical and other problems were discussed in detail and possible
solutions were considered. It was agreed that the Saclay experiment proposed to test the
detector and data handling systems would be a highly desireable step in the preparations
for COSY 10. _

A short follow—up meeting of the collaboration is tentatively planned to take place at
the time of the annual COSY Users (CANU) Meeting at the Bad Honnef
Physikzentrum, 16—17 December 1991.
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