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INTRODUCTION

COSY Experiment 10 is the experimental study of low ying states of pionic atoms

through the nuclear reaction

p+A-›(A-I}T + 2p,

i .e . through the elementary process

p+n -r + 2p

under recoil-free kinematics conditions and with a 4r detector geometry.

The formation of pionic atoms and the energy and width of their low lying states is to

be deternined . 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

p + 2H 3He +

with a 4r 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 Jülich for

supporting this collaboration meeting and to Frau F . 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 interaction is

given, with emphasis on pionic atom formation and on the problems associated with

conventional pionic atorn 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 .
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Pion nucIeus Interaction

Main sources of i for matio :
o - C e s : scattering

photo pion production

pionic atoms

Low-energy pion scattering (, r=20 i eV)
central s-wave and the more peripheral p-wave
to change relative importance	 > increase

Pionic atoms:
pion capture in a hi hly excited atomic state with n,l

cascade tr®h circlar orbits
with well defined angular momentum (1=n-1 )

pion reaches orbits that feel the skort-ran e i-n cleus
interaction

~~ is finally absorbed by the nucleus
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y Iong-Iived e tive y arges partie lle can be
captured y e static Coulomb fiel of nucleus a
bound atomic orbit and can form a

Hydrogen

	

c atom

Such a system has pecular and unique properties
regarding ist spatial diinensions and its dynamical
time structure
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`ehe Bohr-model of an atom teils us that the radius o
such exotic atom

M it c2 (a-z)

and the or ita binding energy

from these f

	

ac it is easy to see that the fo a i g
rcl ati

	

is valid

TIiis ii~ 13I s i.tiai r i dista ce of the ator ic K s eli

e ect' he.re rhe Main rpi nt nm nur er° »e ®1 the
quantum numbor of the a.t the saure d€sLa ce from
the nucleus will be a proxi ately
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NI a
As the pinn is a boson with i W arity r= m 9

the
pion -n c e s system is, herefore, described by ti e
Klein-Gordon equation:
[v2® 2

	

()) () = 4LV s(r)Pfr)

where 2 V8(°) e esses the -ce s optical
potential used for o -e ergy i r scatter g arg f r
p omc at® s a

interacts with

e ct

	

etic interaction

and

interactionstrong

the case of electr a etic interaction

	

y9 thus
neglecting the strong interaction and assuming

	

t®
I° e c arge distribution, V e= 1r9 the exact solution to
the Klein-Gordon equation for the total e er y of the
point nucleus is



2
n (1 + i) + ja + J1)2

hwhere is the reduced pion n c1 s masse

A negatively c ar ed muon will in the sa e way

form an ex tic ato y a th uugh as the muon is a e ton

with spin 1/2, we haue to use the Dirac-equation to

describe muonic ato sm Because of its smaller mass,

the main

	

number of the muon at the position

f en t j
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Examples of quantities that can be i vesti ated by

measuring ...piomc and muonic X-ray s ect a are:
1 . finite cear ses

nuclear c r e distributions
iii. . c ear quadrupole moments
iv m

	

() vaiues of e cited nuelear states
nuclear polarization

via

	

b steift and vacuum 7 polarization
viiL ag etic dipole o e ts of the c .e s
viii®stro

	

interaction
ix mass determination of the ex tic particle
x m i d ce nuclear fission
xi .induce nuclear sinn

o a

	

g~

,a tests
xiii,.probing neutron distributions
xiv.c e ic bi di effects
xv .,weak interaction
xvi .transfer Tates of the

	

an (pinn) in e otic
her o en

xvii .solid state rese c . using

	

as a probe
xviii.c e ical t ° ce st dies

10
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level with respect to the eleetromagnetic Coulomb
value and due to the absorption of the pion - leads to
an increased width the level.

i
Observable effects p by nuclear size andproduced,

	

d

strong interaction

shift
and

width F0
of pionic orbits

Due to the strong interaction the pion will already be
absorbed during the cascade . `he lowest orbit reached
so faß° in various nuclei:

l s - orbit observed in nuclei with Z < 14 (Si)
2p - orbit observed in nuclei with

	

44 (R u) .
3d - orbit observed in nuclei with Z 83 (Bi)
4f - orbit observed in nuclei with . Z < 94 (Pu)

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

11
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reaction cross section is absorption . Therefore, is
pinn absorption i porta t to study in the i-
n cieus interaction. The cleanest way to study this
is in picnic atoms as. the absorption is almost the
®nIy open channel.

d
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The oticl potential

The optical potential used to describe pionic atoms
and iow--energy pion-nucleus scattering. has two
components:

i one pari is derived from multiple scattering

	

theory,

	

6r°g'e- s®
i i . the other is purely pheno eno ogicai and

accounts for higher Order effects such as n-
absorption .

44s ~

	

`) (1)



where we have defined the densities as:
p(r) = p(r) ± p(r) and

	

3(r)
®

p(r),, - p(r)p,
and where p(r) n and p(r)p are the neutron and proton

densities, normalized to N and Z, respectively.

b 0 and b i represent the in-medium isascalar and
isovector s-wave scattering lengths, respectively °

co and c l , analogously the p .- graves scattering
volumes.

The parameter depends crucially an the assued
range of the 7tN interaction, rEN , and of the nucleon-
nucleon corre ation 1en th, rc® Assuming both to be
zero range, as was dune in the original derivation of
this non linear te , yields =l

o However, choosing
r& ritN~ 0.5 fm yields

	

Nevertheless , in ost
fies the value = l has been : sed.



Pion absorption

`ehe optical potential discussed so far is real and an
important dynamical aspect still has to be discussed:

it--absorption
Tn inrii r1 p rinn 2 Qn tinn intn tsi nntir21 nntenti 1

phenomenological terms are added in both the s- ave
and p-wave term.
The following points haue to be considered when

dealing wich the pion-nucleus interaction:
The pion is a spinless particle

ii . The process N + t

	

N is only possible if the
energy momentum balance is furnishede The
required momentum for a ~- at rest is =500 MeV/c
and as the Fermi momentuni. of a nucleon is about
250. MeV/c :.

absorption on a single nucleon •is highly suppressed
and, therefore, occurs mainly on at least two nucleons
and one inciudes a phenomenological term that is
proportional to the square of the nuclear density to

account for absorption processes such as:
«pp)

	

n, and rc- + (pro) --

	

z .
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e cnve tona ontiral otentla

2m»B p2(r)

11113 para etrizat an asst nies:
i . the absorption mechanism has zero range
i i . the two nucleons involved are uncorrelated.
iii .the imaginary Part of these "absorption" terms is

associated wich pinn absorption.
iv .including the p-wave absorption term in

denominator of p-wave term.
v we do not include factors ZN/A2 as an estimate of

np pairs an which absorption can occur as is done
in some earlier fits.

q(r) = 1 +

	

{ b 0 p( r) + bi Sp(r)} + (1

a(r) = 1 + mit	 ){c0p(r) + c1öp()} + (1 + 2m~	 )C0p2(r)	 N

m
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The extended

	

r et iz ion of e ontical
potential

Only two overall strength parameters Bo and Co used
until now.

Base the absorption of the optcal potential on a Hore
general quadratic dependence on the nueleon densities

(1+ mN {b o p(r) + b1 öp(°) } (1
m r,

2m N

x

	

o p2(°) + 1 p(r)8p() + 2[8p.(r)n
-l

	

m
o()= I+ m)N

	

c®p()+c1sp,() + l± 2rn

x Co p2(r) + C1 p(r) p() + C 2[8p() 2

where 5r(r) has been defined earlier.

T The pararneters Bo and Co are fiere responsible for
absorption in the rase &r()-o, thus nuclei with N=Z.
The remaining parameters lay a rote when N>Zo

16



f it absorption was a zero-range process wlth two
uncorrelated nucleons

new parameters could be used for identifying the
absorption strength for

	

and pp pairs
4,1

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

Carr et alo(1982) used an extended potential to fest
low-energy pion-nucleus scattering.
De Laat et al .(1988) showed that an irnproved fit of

the "anomalous" 3d shifts and widths in heavy pionic
atoms could be achieved by using I and C 1 absorp-
tion terms.

NI
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Old parameter Sets for the optical potential
Tauscher

	

Tauscher

	

Batty

	

Seki
0

	

1

	

1

	

1

b0 -0 .0296

	

-0 .0293

	

-0 .023

	

0 .003
b 1 -0.077

	

-0.078

	

-0 .085

	

0.143
co	0 .172

	

0 .227

	

0 .21

	

0 .21
c l	0 .22

	

0 .18

	

0 .089

	

0 .18
ReB0 0

	

0

	

-0 .021

	

-0 .15
ImBo 0.0436

	

0 .0428

	

0 .049

	

0 .046
ReC® 0

	

0

	

0 .118

	

0 .11
ImC0 0 .036

	

0.076

	

0 .058

	

0.09

x2- g la

T ls
x2- 2p
-r2p

'sd
r3d

X2-%

	5 .21

	

4.50

	

3 .35

	

11 .25

	

5 .61

	

8 .51

	

3.20

	

6 .58

	

37.23

	

19 .53

	

8 .44

	

12.23

	

22 .40

	

13 .60

	

11 .47

	

7 .08

	

12 .35

	

3.00

	

1 .71

	

32 .51

	

35 .28

	

29 .95

	

22 .16

	

3.22

	

1 .71

	

2 .69

	

6 .60

	

22 .06

	

3 .13

	

1 .12

	

1 .17

	

5 .90
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New parameters for the standard optical potential

,e= 0 1

bo

o
c i

ReB 0

lmBo
ReC0

ImC0

0 .024
-0 .090
0 .272
0 .107
-0 .261

0 .0552
-0.26

0 .0640

0 .025
-0 .094
0 .273
0 .184
-0 .265
0 .0546

-0.14
0.105

X2- E is 2 .62 2 .59
2.10 2 .08

X2- g2p 1 .88 1 .76

X2-r2p 2 .84 2 .35

X2-c3d 3 .24 3 .19

X2-r3d 8 .03 6 .26
-X2& 3.88 3.64

X2-r4f 0 .97 1 .09

20
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Parameters for the extended optical potential

0 1 3 .4

bo -0 .002 -0.001 -0 .007
b l -0 .071 -0.073 -0.061
co 0.280 0 .290 0 .34
c 0.33 0 .38 0 .66

ReB0 -0.13 -0 .14 -0 .10
ImB ® 0 .0566 0 .0570 0 .0561
ReB 1 -0 .18 -0.14 -0.19
Ir i --0.06 -0 .08 -0 .09
ReB2 0 .95 058 0.64
ImB2 -1.0741 -0.9463 -0.7580

ReCO -025 -0 .14 0 .6
IrC0 0 .062 0 .100 0 .63
ReC 1 -1 .2 -1 .6 -5 .1
ImC 1 0 .18 0.31 1 .2
ReC2 -0 .55 0 .08 -1 .3
lmC2 0 .950 0 .695 ---1 .46

.1 .36

1 .19
.x. .24
1 .04

.0 .93
0 .61
1 ..44- :

1 .32
1 .32

qg3 a36
1 .83
1 .36
1 .10

0 .67
1 .29

1 .24
2d-°I
1 .23
1 .79
1 .23
1 .12

0 .65
1 .35

22_
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Strong Tnteraction shifts and widths in pionic 1s orbitEI;

stand rd
keV

ext nded pot.
keV

-434 -430

82 94

-1093

	

-512

	

-501

58

	

32

	

-1015

	

-1027

	

.475

	

63

	

632

	

-6785

	

-6924

	

-6959

Toki et al.
keV

4oca
-416

105

-1097

	

-110



Table 3. Streng interaction shifts and widths as well as pionic orbit binding encrgies calctllaxed with the new parameter sezs

obtaincd in the fits to old and new type of oll potentiels . Tu e sign in the a-coiunut indicates thatt the Klein-Gordon

equation wich the point Coulomb potential

	

provide solu.tims k s-states..

type of

	

Binding energg

	

width

	

shift

	

Bioding

	

width

	

shift

potential

	

pionic level

	

wich respect to

	

pba.iclevel

	

wich respect to

pointnuclcar v-ahle

	

pointnuctearvaue

[keVj

	

[- keV]

	

[kcV]

	

[keV)

	

[keV)

	

[keV)

4o

Ca B~(ls) r(ls) a(1s) B $(2p) F(2p) ;(2p)

old

	

0 -1093 .2 8L9 -433 .8 -372 .7 131 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 -429 .2 -373 .0 1 .60 1 .73

Toki et al . 34 ) 1 -1108 105 -416 -373 1 .7 1

4s

Ca B $(1s) r(ls) a(ls) B...(2p) r(2p) «2p)

old 0 -1015 .0 58 .2 -5123 -372.5 1 .51 1 .06

old 1 -I014.2 57.2 -513 .1 -372 .6 130 1 .07

new 0 -1026.5 32.0 -500.7 -3716 129 1 .I4

new 1 -1026 .5 32 .3 -501 .8 -372 .6 1 .29 1 .15

new 3.4 -1026 .7 34 .9 -500 .6 -372 .6 1 .26 1 .08

208

P b B $(ls) r(ls) B.(2p) r(2p) E(2p)

old 0 -6784 .8 474 .5 -5082 .2 3218 -I537.2

old 1 -6776 .7 457 .5 * -5079.3 311 .7 -1540 .1

new 0 -6923 .9 63 .4 a -5138 .0 153 .9 -1481 .6

new 1 -6896 .7 88 .9 * -5132 .6 156.3 -1486 .9

new 3 .4 -69323 118 .0 -5143 .3 158 .6 -1476 .1

Toki et a1 . 34) 1 -6959 632 -5162 410 -1441

Bam) rC2s) B d(3p) r(3p) a(3 p)
old 0 -2891 .3 137 .9 -2383 .2 108 .2 -548 .4

old 1 -2889.0 133 .6 -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 -2411 .6 54.2 -520.0

Toki et al . 34) I -2962 183 -2418 410 -509

B $(3s) (3s) Bx(4p) r(4p) £(4p)
d 0 -1602 .6 58 .7 -1381 .6 49 .2 -248 .0

olal 1 -1602.6 56 .9 -1331 .1 47.7 -248.4

ns,er 0 -1633 .3 5 .4 2, -13917 23.7 -235.8

new 1 -1627.1 7 .5 -I392.7 23.7 -236 .9

new 3.4 -1636 .3 17 .8 -1395 .9 25 .0 -233 .6

Toki et al . 34) 1 1632 78 -1408 71 -226

26



Tabe 4. Calculated transition enorgies and strong intcraction widths tot pionic X ys popuIating deeply bound pionic

orbits.

	

=Ions type

	

X-ray

	

trmseon

	

of

	

transition

	

ez- gy

potential

	

Ikev)

estimated

iine width

l eVJ

40

Ca

old 0 2p-41s 7203 83.4

old 1 2p-1s 721 .9 83.6

new 0 2p-els 724 .4 95.4

new 1 2p-als 724 .0 95 .1

new 3 .4 2p-ls 724 .9 96.9

Tok.i et al. 34) 1 2p-,ls 735 106.7

4s

Ca
old 0 2p>1s 642 .4 59 .7

old 1 2p-41s 641 .6 58 .7

new 0 2p-- .1s 653 .9 33 .3

new 1 2p-41s 652.8 33 .6

tos

new 3 .4 2p-41s 654 .1 36.2

1'b

old 0 2p-e1s 1702 .6 796

old 1 .2p-)1s 1697.4 771

new 0 2p-> ls 1785.9 218

new 1 . 2p-41s 1764.2 245

new 3.4 2p-#1s 1789.0 277

Toki et ai. 34) 1 . 2p--->1s 1797 1042

old 3p-42s 508.1 246

.ed 1 3p-42s 506 .8

	

. . 238

now 0 3p-42s 5465 64

new 1 3p--42s . .536 .2 .

	

71

new 3.4 3p

	

2s 548.4 91
Told et aL 34) 1 3p-e2s 544 593

old 0 4p e3s 221 .0 108

old 1 4p- 3s 221 .5 105
new 0 4p->3s 239 .6 29
new 1 4p-43s 234 .4 31
new 3.4 4p->3s 240 .4 43

Toki et a1 . 3'4) 1 4p-43s 234 149
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AN IMPROVED PARAMETRIZATION OF THE OPTICAL POTENTIAL
FOR PIONIC ATOMS

J . KONIJN, C.T.A .M. DE LAAT' and A. TAAL'

NIKHEF-K, P.O. Box 4395, 1009 AJ Amsterdam, 7iie Netherlands

J .H . KOCH

NIKHEF-K, P.O . Box 4395, 1009 AJ Amsterdam, The Netherlands
and

Institute for Theorefical Physics, University of Amsterdam, The Netherlands

Received 2 July 1990

Abstract : We try to find an improved phenomenological optical potential for pionic atoms in two steps.
First, we perform a new fit of the parameters in the Standard optical potentials by using a large
data base of 140 pionic atom data . A x2 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 nuclear density. This extended version yields a reduction
of the x2 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 nuclei such as 1e 'Ta, "'Re, 197 Au, 208 Pb and 209 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 i -nucleus system contribute to the scattering

wave function . For light targets and at the lowest energies one presently can measure

(T„ 20 MIeV), 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 1-states one can increase the scattering energy.

The Situation is different in pionic atorns . After its capture, the pion finally cascades

through circular orbits, each having a well defined angular momentum state 1= n - I.

As the orbits come dose 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 Coulornb value and - due to the possibility of pion absorption = leads to an

increased width of the level . By measuring the Position and width of pionic atorn

states, we can, therefore, get information on the rr-nucleus interaction for a fixed,
discrete angular momentum state at essentially constant energy (on the scale relevant

for the rr-nucleus interaction) . In practice, the absorption process becomes so strong

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

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 into an atornic s-state experiences

repulsion and one captured into a pW state attraction 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 caiculations.

J. KOONIJN stated that a valuable experiment complementary to COSY 10 would be

the attempt to observe low-lying pionic atom states in 40Ca 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 sonne discussion, suggested that this possibility be further

discussed in more detail at a separate occasion .





K . Kilian

ÄKF, KFA Jülich

The elementary interaction p+n - - + 2p embedded in a nuclear medium and similar

reactions are treated as two-step proeesses . The importance of choosing kinematic

conditions under which the residual particle (or nucleus) has essentially zero recoil

energy so that the produced particle has close to zero energy and linear momentum is

demonstrated .
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Fig .	 2 : Upper part:
Pion laboratory
momentuni p, as a
function of proton
beam momentum p in

pped% .The s lsd
lower curve is the
minimal pion_momentum
(180.° emission in cm).
The . °'magic " momentuni
is at pp429 fiieV/c.

Loser part : Partial
cross . section Q6 for
production of pions
wich <1 ASeV lab energy
( (dis/dQ)AQ) . The
relevant dQ is shown
as dashed curve.
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jgure 2: Probability for 3 ~

fusiotcln . ..a z w o step -pröcesst:
ppa• B : Y 4 n-+pro overall:
pd-4(pd)ri (assumptions see text)
as function of energy . Note the
rather narrow energy band . The
arrows indicate the thresholds for
pd reactions to 3 He rl and to pd
rl . The (off shell) 3 He fusion leads
to a shift of the calculated
excitation function, so that it
starts at the 3He threshold.
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Figure 3 : Excitation function for
3He fusion ealculated in a two
step process (A: pp-dx° B:
x°n-p for the overall reaction
pd-4 3HeX (see text) . The 3 He
acceptance is tuned such that it
always corresponds closely to the
rnaxianally possible mass X like
in the Saday experiment [71 . The
broad enbancement found in ref.
[7] can be qualitatively repro-
duced by a two step process.
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In a Dalitz-plot e.g . of the (squared masses of) subsystems, M2(p+d) = (V(p)
+ V(d))2 against M 2(X+p) = (V(X) + V(p)) 2 there can be very distinct
density modulations due to the two step process . They will not extend across
the Dalitz plot like a resonance would do. In order to find out the relative
importance of two step processes orte should therefore study besides the two
body channels also the three body reactions (pd -s X0pd, pd -4 Xbnd, pd
K°Aod, pd -4 K o E d etc .) in kinemnatically complete e

	

riments over the Full
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MESON PRODUCTION AND VELOCITY MATCHING

K. Kiiian and H. Nann*
Institut für Kernphysik, Forschungszentrum Jülich, D-5170 Jülich, 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 collisiön . In a second step, this intermedtate
particle produces a heavier outgoing meson by interacting with a second
nucleon of the Same target nucleus . If besides the light interinediate 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) baryonic system. If the
velocities of the barvons produced in the two 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. Results of Monte-Carlo simulations of this sequential reaction
mechanism are shown.

Kinematical considerations
The new storage rings with phasespace cooling like the IUCF cooler in
Bloomington, CELSIUS in Uppsala and COSY in Jülich will open possibilities
to study meson production close to thresholds . They will provide the high
resoultion which is needed hexe (l] . In elementary proton proton interactions
thresholds are interesting since only a 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 a 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 statements concerning the kinematics:

1 . There is a reduction of the threshold for particle production
already without the necessity of Fermi naomenturn [2] or
cooperative nuclear effects 3].

Take for example 77 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 (step B) to make the 77, then the thres-
hold is only at 1584 .7 MeV/c.

The momentuni 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 o a few fm
inside the deuteron range, we can assume that the reaction partners have still
particle properties . Thus normal an- Shell particle interaction is still an
allowed approximation.

Topical Conference : Particle production near threshold, 30 .8 .-3 .10 .1990,

Nashville, Indiana, USA
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One should expect that two step processes are relatively stran in the "sub-
threshold" region (at moznenta 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 an a two-nucleon system are given in Table 1 . The thresholds
for heavy meson production in two-step processes shown in Table 1 He close to
the Iowest possible kinematical threshold which is given by the p + (2N) - 4 M

(3N) single	 step reaction.

-,:i äble : 1. hreshöid. ... Ynomenta .... in Me v jc for proton induced meson (M)
production in a two-step process with intermediate particles (m) and in a
single step process. Brackets around the baryonic systems indiesie zero
relative energy s . This assumption allows to compare the one and two step
thresholds . The values are calculated for

step A : .p+n -4 m° + (n+p)c=0	step H: ma + p -¢ M o + p

final heavy int.ernied . two step single step montentum where

meson meson threshold threshold an velocity rnatching

M m N + N

m + (2N)
m+n -> M+N

(2N) target
N + (2N) --•
M+(3N)

acdurs in the

(2N) + N
eait systern

x 7 676.9 657.2 800
776.5 940

1584 . 6 1584 .5 1590
a 1587 . 7 1590

1985.9 2120

w 7 2083 . 2072 . 2120

7r 2080 . 2120

7i 2124 . 2190

w 2669 . 2680

7 2621 . 2579 . 2700

r, 2617 . 2700

2579 . 2580

w 2707 . 2780

3405 .

The experimentally interesting two Body ehannels with 3He or
3 H as final nuclei,

p -i- d - (3 nucleons bound) + X
are strongly ci

	

'd in certain ~ .aa ...+ener ~" andd a g

	

..uiar r egions by~iaii'cu
the kinematics of two step processes when "velocity matching"
between the three nucleons of the three--baryon System occurs.
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lt 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
model cases reactions of the type

StepA
StepB

p+p - r b +d
7r°+n-eX+p (orX°+n)

Total p + d -h X0 + 3 He (or X + + 3 H)

We can calculate the relative energy t between the deuteron- from step A änd
the proton from step B . E is minimal if the velocities of the two Partners
match . The invariant mass squared S(d+p) _ (V(d) + V(p))2 depends an the
four-vectors V of d and p. The excess energy in the d+n exit system, c = _
M(d)-M(p) can be used to get an estimate for the fusion probability P into
3 11e . The fusion becomes the more probable the smaller the excess energy e is
in comparison with the binding energy E b of the three Body system (5 .49 MeV
for p+d binding in 3He) .

P = exp(--e/Eb)

Exactly the same effects of an enhanced final stete interaction in corners of the
phä5e space schere relative energies of rcaCt idaon p.Partners are smali, also happen
in "recoilless" kinematics. Eiere a particle is produced at rest in the laboratorv_
system so that it can favourably interact with the residual target nucleus [4j.

Examoles of velocitv matching
This "velocity matching" in sequential meson production is shown in Fig . 1 for
the case of the nd -a (3N) + x reaction in which the intermediate particle
m(=7f) is produced at forward angles and them . backscattered or undergoes
charge exchange in step B . Figures la and b show the relative energy e 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 riss to smail values of E . Folding in
the pp -4 dz 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 ± l00)MeV/c.
Data of Rässle et al . [5) for backward produced pions in the nd 3 He 1, -
reaction show indeed this behavior (see Fig . lc). 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 = 1050
.MeV/c) incident energy, which so far no theoretical caiculation was able to
reproduce (for details see ReL [51) . The present model of sequential meson
production accounts for this enhanced backward emission.

A mors iealistic description of the two step process has to take into account
the fall angular- and energy range of reaction partners in both steps . Also one
has to consider that the proton and neutron are bound in the deuteron . They
have Fermi rnomenta q(p) = --tl(n) with a continuous distribution and conse-
quently they have off s hell massec m* . The deuteron mass m(d) = m(p) +
m(n) - 2 .22 MeV has to be reproduced by the total p and n energies
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0.

Figure 1 : a) Relative energy e of the outgoing p and d in a two step ir rescatte-
ring process with steil A : n+n - m--d and step B: x13-.n) in quasifree kinema-
tics without Fermi momentuni . Forward 0° angles of the outgoing 7r- in step A
are considered. ~- scattering angles in step B are backward . b) Shows . the
corresponding fusion probability P = exp(-€/E b) for (p+d)H s He. c) Compari-
son of rneasured n±p- 7r- alle data 15] with a prediction using the fusion pro-
bability in Fig . lb multiplied with the total np-. d cross section (solid line)
and a prediction with a Monte Carlo Simulation (dashed line) an bound
nucleons with Fermi momenta 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 + q2 + Tm*(n) 2 + q2' .

If we assume that the off-shell masses of p and n have the same ratio as the
an--shell masses, then we can calculate for each q the kinematically relevant
fourvectors V of the bound and moving reaction partners in the deuteron
taxget .

V(m*)=(E*,=(Jm*2+q2',q)=((m- 1 .11MeV),

We have dose Monte Carlo si ulatiöns of several resctiöns where the result of
the ferst step was used as input for the second step . Fermi momenta with an
average of < j q l > = 150 MeV/c were used . The energy dependent differential
cross section for p+p -4 x° + d was included in step A . For step B we assumed
an energy independent isotropic (s-wave) differential cross section . The
probability for three baryon fusion in the final state was caltulated for each
event. The same was dope for effects of acceptances in solid angle ®iI and
momentum ®p . The effect of the averaging over all kinematical variables is
shown in Fig . 1c for nd a-- 3 He . There is a shift of the maximum towards
higher energies . lt is worth noting that without Fermi momentum the
averaging leads to a prediction very dose to the simple 00 approximation in
fig. Ic.
A farious example of a reaction with spectacular threshold behaviour is
p +d 57 3He [7]. A spike appears in the 00 311e production dose to the
threshold in p+d 3 He + 77.
This spike has stimulated interest . Twa step proeesses [8] and coupled channel
effects [9] have been used to describe properties of this reaction . Its very
narrow shape is caused by the na.rrow 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 r two body cross section
due . to velocity rratching just dose to threshold . Fig. 2 shows our prediction
for a lange acceptance measurement of pd 3He 57.

In Fig. 3 we compare a two step simulation and data of the reaction
pd - X 3 11e . We simulated the experimental situation described in ref. 7. Here
the momentum acceptance of the 313e spectrometer sitting at 00 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 ehannels in step B with rising
eher (and rising mass X) should give an increasing total cross section in step
H. There should be therefore a slower decrease of the high energy cross section.

Conclusion
The concept of two step interactions with final state fusion of partiefies which
have matched veloc ities helps to understand experimental results in few body
interactions, especially in two body meson production wich protons . an
deuteri

	

dose to thresholds.
Another -manifestation and a further proof of the two step processes should
Show up in the three body exit channeis

p+d-4X0+p+d

	

(orX+n+d).
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Figure	 2 :. Probability for 3Ke
fusion in a two step process A:
pp->dx ¢ B : 1'n-4p17 overall:
pd-(pd)n (assumptions see text)
as function of energy . Note the
rather narrow energy band . The

---arrows l_dic64

	

thresholdstGe ~hethe thresholds fordli UVYB lillilC.l

pd reactions to 311e 1) and to pd
The (off shell) 3Fle fusion leads

to a steift of the calculated
excitation function, so that it
Starts at .the 3 1le 17 threshold.

Fi tire 3 : Exeitation function for
311e fusion calculated in a two
step process (A: pp-4d r E:
'*n-*p17) for the overall reaction

pd-, 3 HeX (see text) . The 3fle
acceptance is tuned such that it
always corresponds closely to the
maximally possible mass X like
in the Saday experiment [7] . The
broad enhancement found in ref.
[7] can be qualitatively repro-
duced by a two step process.

In a Dalitz-plot e.g. of the (squared masses of) subsystems, M 2(p+d) = (V(p)
+ V(d)) 2 against M 2(X+p) = (V(X) + V(p)) 2 there can be very distinct
density modulations due to the two step process . They will not extend across
the Dalitz plot like a resonance 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 X opd, pd - X4nd, pd -'
K ¢Aad, pd - K oE+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, 2He) reaction that is of

interest in COSY 10,

da _ da
~1

döG
Y €

	

.5* .(r) exp(-i(1C2 h-
k~) rJ( r )d3r ]2

d~1
3Lp-(-n-, 2 He+x- ,l

where the bound neutron an which the reaction takes place is assurned to be in a

quantum state 4a with quantum numbers a and where n , 1 is the pionic wave function.

He noted that it is evident from this equation that o is largest when the momentum

transfer q = k2Xe 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. Riege

IKP, KFA Jülich

The Germanium Wall

A position-sensitive 4 r detector for charged particies with high energy and space

resolution is under construction . Its main features are described .





" Germanium Wall"

Ge detector system-

total thiekness : 23 mm 4- Tange of protons wich 443 MeV/c
-> 99,3 MeV

acceptance: 400 mrad - required angular resolution: 2 mrad
energy resolution: I0 -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) ;

mounted in a stack arrangement,
geometry determined by the langest achievable detector diameter

(available material) for position three

System made up of 3 transmission type liPGe detectors
(thin dead layers an both contact faces - doping by

ion Implantation),





e

	

ez. ((

	

e....-12e, ü

	

sr t21 ,1' .`

1. detector 1 mm thick - diameter of sensitive area 53,5 mm
posLwi4 : i structure LVüj ist lldJ _.g of 200 C .L

i_
1teILL7 Vil UVLIL A1tI

L_aL _S~_t
System of Archimedes spirals an front and rear side in opposite
directions

2. detector 11 mm thick - diameter of sensitive area 61 mm (rear)
with radial Position structures consisting of 32 segments
an one side

3. detector 11 mm thick - diameter of sensitive area 70 mm (rear)
similar structure as na . 2 - total diameter 82 mm

in addition to the Position-sensitive pattern in the center of
the detector a structure at its circumference is fareseen to
facilitate connections from the detector to printed circuit
boards (epoxy) by ultrasonic bonding (aluminium wire of 25 Im)

space at the edges needed for mounting
clamping with indium wire
A1 203 used for electrical insulation
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mItIon structura of dctactor
on!y 52 & ante (€nstaad of 200) crc ahown



Details der Detektorstruktur (Detektor 1, COSY 10 .)
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cryostat

temperature: liquid N2,

	

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 rar the firs t dE detector
33 for each of the 2 following detectors

electronics

single read-out
box with 50 preamplifiers (SMD technology)

mounted an the feedthroughs
cables to NIM crates (linear amplifiers etc .)



	22D y

Ziihler



8 x 8 strips (see Annual Report '90)
2 mm thick, strips of 1,7 mm width
SMD type preamps, linear amps, discriminators (MPI)
bit pattern circuits, 2-parameter display
tested wich gamma-rays
cross-talk studied

50 x 50 strips (hole in the center : 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

linear amps etc .
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Herstellung von ortsempfindlichen Detektoren

ibleiter st ll, chemisch
poliert

Dotierung durch Implantation

Beschichtung mit Photolack--------------

Einnetzen der Struktur in dae
leite

	

teä

Entfernen das Photolacke--------------

Kontaktieren durch
m a chall--n®nd n

64



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

is to surround the target has to be avoided, and as much as possible of the material of

the Wall structure has to be moved into 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 fror previous experiments showed a sufficient

radiation hardness.

J . KOONIJN 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 Bach 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 .





P. v . Rossen

IKP, KFA Jülich

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 .





MODIFICATION OF BIG IZI,

Presentation of the Spectrometer

Talks Under Way

Moving to a New Location
- Adaption and Upgrading

New Control System
Zero- egree Beam Exil

- New Entrance Region
- New I)etector System
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• INTERNAL TARGET AREAL
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Focal Plane Detectors

- New Detectors Under Contruction
- High resolution in X and

Multi- it capability

Indispensable Tool for Bringing
th

	

Ate:1- - ntn

	

r rin

"`ehe availability of those detectors
and of the appropriate data aquisition,
t hat shows an-live the spectra in the
focal plane, is a critical prerequisite
for the rec®

	

issio i 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 fron 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 Felds 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 an 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 spectrorneter with high

Position and angular resolution is described .





SW - sens wire d = .02 rirn gold-plat .ed tungsten

F"W - f ield wire d ® .05 mm Be -° Cu

CW -~ ca thode wires
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Gas

	

ixt.urei • 0X Argon + 20% Eth n

	

(normat preasure)

Maximum dlrft tlp el 400, ns.
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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 angle in

the focal plane. That allows us to reconstruct the focal points for langer momentum

deviations :

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

would 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 ferst order, of ro significane. The

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

to 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 fall evaluation of the errors it is necessary to use at least second order effects, as in

second order all coordinates mix .



B .J . Lieb

George Mason T7niversity, Fairfax, Virgina

The Hadron Ball

A 4rr detector for charged and neutral particles with moderate energy and spare

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 haue to _ be taken 'to maintain a constant

temperature environment for the BGO detectors?

B .J. LIEB said he feit that a normal laboratory environment would be suff cient and
that such an environment was not available when the detectors 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 fall Set of FERA-type electronics, 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 . [Such a request has since been

written and mailed . The editors.] The detector is used no more than a few months per

year at LAMPF. [lt will be shipped to Mainz in 1992 . and be used for several months in

an experiment at the MAMI accelerator . The editors .]

H. MACHNER noted that minor modifications could be made on the System, if

necessary.

A. BUDZANOWSKI reminded the speaker of the need for detailed 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 agreed he will coniinne to work on this problem with all concerned .



K. Zwoll

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. Ivleiling l , K. Zwoll
Forschungszentrum Jülich, Zentrallabor Elektron±, FRG

M. Karna.di, R.1e1.ten, K.-H. Watzlawik
Forschungszentrum Jülich, Institut für Kernphysik, FRG

For nectear pbysics experiments at alte internal and
exterrzal beam of the Jülich Cooler S COSY, a
trete-level data processing and acquisiion system abalt be
developed. Signals various deector amngeme aas
digitized and prei by CAMAC, FASTBUS and VME
modales . A multiprn essor system based an VA1 us is used
for event-building, data recording and buffered data transfer to
the hast computer. All cmes are coonmcaed by parallel
VlCbus . For Hais, an itatpltigent CAMAC trete controiler with
VwCbus is [zuriet development. Mutputer-based VME
modules are equipped with CNYs of the 650X0 family,
working under OS-9 real-time operating system . Tim data
acquisition system is mainly based oa commereially available
modules. For experiment control and dein analysis,
workstations as pari of a kcal duster are provided.
Propxietary standards developed at CERN, togelher vrith OSF
open stau ards will be implemented . TCP/IP protoeols for
VMEbus mass and best computer Eve for Mtia an
and command taansfer.

In the experimental eawiro€ meet, s Tation aud
semiconductor detectors, drift chambers and Cerenkov
counnters am med. Tim number of detector oha ls is not
higher than about 1000 in each detector comp

	

t. "CANU'
(QOSY-Arbeitsgemeinschaft Nordrhein-Westatisebu-
2ni-versitIten ), a collaborration of COSY useis, recommends a
common wumm for the data acq€ tion system serving
COSY experiments [2] . `Ibe mein features of this are
describedd as fo0ows:

- Bach experhnent or sarget station alter d bave ''its own"
date aconisitica system.
Readily available hardware wich proven coaeepts,
hardware a approved software pa ges
should be applied as fax as possible to obtain minim al
tost matt riet

- An open arehi?eca*re arg modular design of hardware
ammd software slrcaald guanntee

	

l ity to modified
req '

	

of physical experiments and to Irrort
advad ccmpenents.

Bad o n das= Ions de structine of de
COSY data weisiden argem was defmed, wbich is
descAbed in the following s ons.

1. INTt ODUcilON

127

Tie Cooler Sync nn COSY, under musn-ucäm in
Jülich, will deliver protcns in the eimau Tange from 40 to
2500 MeY for medium erb rgy nuc .r and pestide physics
experiments . In ehe syn n and storage ring of COSY the
protons, which are irajected Eiern tim cyclotron JUL IC, are
caoied by two facilities: an electnxa beam cooling system at
low proton energies and a stochastic cooling armiagement at
higher beam energies . Tim accelerated proton beam is
&tuattaterizeng by high pham spaß drsity, alloaing
experiments wirb well-defined beam momentuaa, high spatial
resolution awd 1ow backgmmd. Varices wenig target
stations arg possible strppiied by the extras :ted beam, using
particle detectors in combination w the mal eher
BIG KARL or wüte tim "im>f lighht ( TOI") spe. .̂:.."i : eter,
whirh is boing constructed [1] . Furthermore, at the inleraal
beam, physical experiments are prepared wbich enable
measurements `with extremely thin targets and . low
background.

1 On de tsdion from Technische Universität Dresden, Abteilung
Physik, FRG

A. General Layout

Tbe cotxhguraation of tim COSY data ncguiisi€ion system is
mtzmatically shown in Fig. 1 . For digitizing the detector
reale, CAMAC Sud FASTBUS modales me applied . If
av e, suiable VMEbus modales ran be med. • Miß
subevent date blocks am read out by subevent readers erhielt
are bratet in t evem Wilder VMEbus crete . Urar control
cf eßt bLilder the sube dein bloch am t°: lecae;,
& mied to event data blocks and stored onto ma ic Cape.
Data analysis will be dort by um of wor ratio wbich am
available as hast computer cluster for all COSY experirnents.

T

	

ca of CAMAC crates and FASTBUS
*n. .= ; bam ea

	

YME Draer-grate DA. "laus ,
Tterefore, sonne expmse was necessay to develop a CAMAC
crate controller with VlCbus c :

	

an ( see Feg. 2 ).
It shotald be meptioa_d tragt eh intelligent aase controllers

and VMI3bus master boards are equipped with
rnicropr ssors of die 680X0 famiiy, rr?naiag m der tue
realtime or., rating system OS-9 . mir, Mimet is used for:
control and event data transfer to the experiment workstation .



fei

Fig. 1 TU COSY date acquisitron system.

B. Tise VWCbus; An etnerging international sta rd

In the past aev l appro

	

s of pr
for cea

	

ng co l eqi ipcooat systems to euch other over
parallel buses have bz.en publisbed. A naw amtet to specify a
standardized bus for tbis prrqxese was n

	

aen by a Small
caew firm companies and reseamh cent€cs with

	

VICbus
doutosent [31 .

	

Wams was initially designed for
interoonneaing VME =tos in a traparet or a
transparent way to fulfil die growing need of leer
e riß and pz ss controI equipment. laue to its wide-
sprea.d soopo in Mo fit= it also gives the facility to
intemon aber systeras thaa VME. In tbe rase of
CAMAC, the VICbus has been ohosen for replacing the
CAMAC Brandt Flighwway wich its expens ve cabling as i
connector tccbmq e . Purthennore, the 'tim effect
leads to an econornic aod high performmace
techaique for wo

	

ons

	

coraputers with exposed
VIvlßbus as

	

port. Same oampaniesgoing to implement
die appropriate software drivers.

VlCbus uses staodrd flat cable with low

	

co ctors.
Signal multiplexing allows use of 64 twisted-pair cable.
VICbus is capable of spacaniug the langth of up to 100 meters

with a differem timing for sbort «30m ) er Iong (3ihn-
1t ) cables. tip to 31 devices am permitted ca a single
VlCbus sog t. 3 g the med of the acbitration
nie" for multims is fo eesem, it is not
tad by us, becaoee for out spplic ation oely a mnltistava
system with a single master is needzd.

' VlCaus date trarsmission protocols are two fold . in
die "compelied mode" wich an end to ereil a owlcd ent,
normal data res sie posrible . 'ITL "nos-ccmpelled mode"
Ces higier Speed date transfes in a pipelined operation
mode up to 33 Mbyte/s.

To simplify tle design of a VlCbus interface, an ASIC bas
beeis develcped by the company CES . Ibis ASIC includes the
logic for mato munter deooding md for mapping an
individual interne to die 32 different interrupts oa . . '
VICes as well as most important Interface registers.

lf the VICbus is used for dato aoqäcition with severai
VICbus segraents conneoted to a single VMB mute, a VICbts
to VSI3 Interface is required ., which will be dcveloped in the
neaefuture.
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C. The CAMAC System
alt

Mg . 2 Schäuaüc diagram of übe intelligent CAMAC Brate
controller with CC-A2 fi nctionality and VICbas iawrf ,Ce.

Within the fr ewor± of tim data wquisi.tion System, a
CAMAC wate controller in cooperation with CES Genova
has beeil devetoped. ig.2 gives a bloc a of tim
coatroller. To avoid die diffamIt programming of a bit-stice
prooessor, execution of CAMAC routi : is divided in two
parts . fit one performs tim CAMAC D y cy w d
supports the bloc±ttansfess wich highly iategrated PAL's . Tim
more complex tasts am executed by a standaut
microprocessor (Motorota 68030) whis3a rag, whenever
possible, in its ov'n wehe memory. -

	

er follows
CAMAC EM. 6500 spec ä tions and can 'also be nsed as an
ao

	

.iy com mller, in order to give a amooth migration &om
existing CAMAC systems to a sffite-o€-t e-art equipoaent.

T contoollerr is optimized for a fast melke blocktransfer
withoat any deaddee between CAMAC cy _ In "scort
cycie" operation mode, the orm is etWanced by
gemmeration of a wn-sendatri Dataway cyde of 600 ns
duration. To decoup-1e the VlCbus readout from the intemal
operation of the micsrcpro or, a dual post RAM bas been
implemented

The prc or part has enough rnsources to Support a
stand-aloae operation under OS-9 vritlr =weck cont an
over Ethernet, TCPIIP anal NFS.

In the transparent mode of operation a 2 Mbyte address
range of tle VlCbus cal} eiere be mapped to the NAF-
Command bits and some aui liary control bits . Tius Ieads to a
very simple and economic implernentation of ee system
without overhead due to of a miceoprowssor all
associated cirwits.

T VlCbus interface supports the auto-address Mummt
mode to pass blocks of dato to or from soveral Contiguocasly
rddressed locations of die dual polt RAM. Only t address of
tim Eiast Iocation is specifred, and thereafter the actaal address
is incremented duting a read or write cycle. T1e VlCbus
controller part Inas beear implernented by standard logic

devices, PLD's and the above mentioieel speciel gate array
front CES.

Following the CAMAC specifications, a llbraay has beeil
written consisting of a subset of tim ESONE CAMAC rautines
and implamented according to de CAMAC ifftplententation

_-for

	

OPAL.. _Lxperintens-	 But i sst ol.... .of.. ._die	 _C ES
Brendadriver ( CES CBD 8210 ) die VICbus interface wich t
CAMAC Grate Controller is siuppwtect in ee transparent mode.
At CFRN, the Iibracy Ins bei used with RT (Real uime
,Eortran ). In our application mainly C is &siaable ; tlerefore
sorge litiie ehenges and adeptations tust be forte. In a
second steil, a CAMAC iist pr

	

or will be implernented to
enhawe tim

	

dort speed of die CAMAC operations. T
readout of CAMAC equipmerr is Wen perfomted by user
written CAMAC iisas . This is a text 5le tbst represents a list of
bac CAMAC operations (called Ces) to be exeeuted
when a tligger occurs. A CAMLIST ecmpiier wbich is based
mainly an a CERN implcmentation [4,5], genrates a Code
hicä is etawutcd by dre dLIWMS5Gäii ers-ion of °tim MAC
Controller.

D. FASTBUS Irtstrurnentation

To fiel die reqtäsements for the FASTBUS systems we
have chosen a two fold solution

- For high perfomm	ments we will integrale etw
'

	

- ALEPH Event B

	

r" [6]. Espeeislly Ute
electroriies for the experiment developmee by t TOF
(rimee -f-Eligl:n ) coll cn will use this solation
with a prelirainsry software approwh [7].

- moderate parformawe we have ehwen die "FVSBI -
F US to VSB l " FAMUS isolier [8]
which gives an adequate solation for dala raus up to
4 Mbyte/s at a reasonable price (over t 50% leas than
e AEB ) . Tbc soß is a C - Library wbich exposes
the malst fancxionality of the U .S. NLG Committee
FASTBUS library [9] .

	

.
We rarzornmaid die use of t new family of PAS BUS

ADCa anal TDCs with an b®ard dato red on, such as : zero
suppression arg pedestal aubtracdwi, to s rthiave an € ptabie
overall data ecq tion speed.

For bott soln Ions we will develop iseerfa=s to apt the
i dividuat Controllers to die VlCbus.

E. VME Eventbuilder

Tue basie buiiding blas of tim V E event builder Grate
are commercially available single-board VME mit roommputer
boatxts (see Fig. 3 ). Each single-board Computer is de i ated
to a specific fall on. So t subevent reeders are responsible

to collec t event dato ramm the fronttrxt electronic s

(CAMAC, VME, FASTBUS) via t respective Controllers
and VlCbus . The use of one subevent realer for each VlCbus
segment aliovrs simuitaneous readout of the severat frort-end
=trollet .



station, which is accessible over the network fadlities of the
research centre in Jülich.

F. Host Computer Architecture

T .. aale m

	

eat ;v.w tz

	

ncsvf
n. äüa .° .nt wv~va..s .. vam:~s .

i ons.v"' willwill b.a

for experiraert control and date analysis. Tlese wor tions
require high CPU perforaanw . a minimum of 16 MB
memory, powerful 3D graphic sugported by a iooat graphic
pre ssor aml regarding I/O chaaaola, Etheanet, SCSI for
kcal disks and topes as well as com:ettion to tim Vt bus.
Also in the futtre FDDI will ba aspired . For the first
generation of COSY experiments a woakstation clttster with a
=oral server and woa stations as satel fites sie s

	

uleci
t3wmw of the

	

.ual orientation of our collaboration,
VA MS with a m an to is desirahle . In
alte 5rst period, cn tte VAX sick t be operating system VMS
with LAVC, DECNET and LAT is nsed, and tue connection to
t -UNTX wend is reell by ploying -v'IvlS/LILT.RIX
connortion with NFS, RPC and ARPANET' (TCP P, E ,
Telexet ). Within ahn duster tim rver is reg to ntral
ervi es for wo iatiions, in partiaaloe supporting

	

mon
system dick, batdt sntd netwen

	

, clusterwide user disks
and other system servier according to Umries anal genuni
date a

	

tio€a

	

ovalstadel software.

Fig. 3 Schematic diagram of a VME Eventbuilder ante.

To separate 1/O traf& frort the VM bos and thus to
reduce tbe required Verbaas bandwidth, the VSB is used for

conne ng tle VlCbus. For this pcarpos a set of line driver
modales Interface the VSB to VlCbus sied vice verw . The
modales are also responsible for comectiog the subevera
Leaders with the trigger eleeron s. . Tim design of the driver
modales drill be cmried out to edapt CPU boards with
different func ionality as . far as tim . VSB inmofa= is

concemed.
To limit the number of software versions we d ded to

foaas an two board typen f~ the subevent mattem. Tle
FIC 5232 ( frs CI?S Genova) was cbosen for leiste
p tioamancee imlicarons arid die qc m 6( faam Elter,
Mainz, FRG) as a cheaper versiegt moderate user
demands . Both are equipped wi:th a 68030 CPU r nning at
25 MIM, as well as irret wemeradon aed 4 Ivlbyte of RAM.
Sinne de sutevent readers also fur an as mosten,
tiny can send their formatted data to a global matt blaffe in
ein event bleikla r CPU, which fotmats tie dato in a comman
date structure ( ZEBRA with eeeaimetit specdfic esre ons ).
User written routiaes can manipulate the raw event date . A
SCSI Interface serves as the date daaL l to Exabyte or IBM
Summit topes. Sonne selected events can also be tmaosferred
via the Ethernet TCP/IP contaectio-n to die hast. F rmore
the standard VWCbus conneotion can «er a bigh-s d Cuts
ehannel to dse experiment cc nputer. Tim new 68040 based
VME CPU boards give sufficient Power for tim event builrtar
faxte tim Undi now we have tim choice ietween a two
processor board manufactured by CES, or single pnacessor
boards from Eiter or Motorola . In any eise, the OS-9
operating system should in : tte basis of the VME system
software . For rnonitoring, co ol a teste, tasks in tim
context of OS-9 will be implemented. For fast event dato
colleeti.on md transfer through the system, all t details of
tim OS-9 system should be hidden from the appropriate user
programs. As programming Support, we Are instaiting the
UniBridge Cross-software fron Microware an an Ulteix DEC

Wodstodose for tle experiments pos local disks artt
topes a€~ 3vely . These d+s  sie userj for pair aTi
swapping of fites, experiment sec date ztqtäsition
software and as container for OS-9 VME software awessod by
NFS.

UNIX staticos Are equipped wich locai system disks, aal
Ihe access to tim ccntral server will be provided by NFS. Tle
world-wide network communication, includi.ng electronic malt
is realized by INTERNET as well als BTINET.

G. Host Software Structure

In gelaunt the capabilides of weisem software
according to de requirements for tlae fest generation of C OSY
experiments [1) comprebeixl experiment mattrot and date
analysis. Experiment control womists of fuett o s wach as
remote set-top of dighizing Sud ateziliaay systems, ran control
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wich error bandling, including commtdnication with COSY
Control as well as monitoring concerning the system Staus
and its dynamic behaviour . Dato Analysis compases an-li e
sort and analyzing of event date, its graphicai representation
wich histogramming fettn Ions, tack recogaition, 3D imaging
of detector arrangements and ttacks freu variable ..angles__of.. ... ..... ..
view.

T be essential criteria for the design of tbdis software Are:
scalability, vrida the ahn, trat ffor uralt expulent or
target Station an independent aoquisition software of
cimilar s4aacture cm ha nsed, elittieg Ilse represented
requirements,

- portability and compatibility with re,spoot to the operaäng
System and hardware arolaiteonore,

	

- common user Interface as far as the

	

and
operating is co rrd.

Regasding physics aequiremene<s, the employed software
will be proprietary standards, MODEL, [10] and MW [11],
estab ched in nmlear physios On the ot hand standastii,s
will be implemented, especially WP/iP anal NFS for Ihe
com nunicazion wich das VME systems as well es X-
WudowsjOSF-Motif as common oser im:face 1 GIGS or
PIi-OS for graphics application.

On the host siele, all operations will ha processed
asy ously reg ing die event date flow. g on
the event rate and the CSU Ioad, a variable, statisdcte
representative seleciom of events will be fed for dato analysis.

An event covers one or mors subeverlts . Bach subevent las

dedicated to one digitizing system and hat an iadividual date.
sonieture . On title other hand, =la digitizing system consists of
a set of multimal modales, selecaod r cmly for eßt
event to Eve- daut C °tioe allea haue dieffint deut
lengdd.

In the software, Iogic ai links for set-op an contr+ol of
digitizing sei auxiliaay systems as weil os the Bits of
event date t0 alte rxltvidual als of de€ector c,otnpoaents
will be aobieved by:

- hardware configuration date sets, whaein de digitizing
ata diiaxy systems Are assig l to the deteeer

comporees according to its type ani the individuaI
equiprnent,

- set-up date for initiaiization comprising all in t
experiment Eve systems including t achtel set-up
paxameters,

- assigning to catch type of digitizing system an readout

reutim with defrned subevent strueture and an aceording
subevent dacoding rotttire.

TI:e anqu isition software will be of modular structure in
such a way, timt itade t experment hol sind data
analysis functions aas combined to proeesses wich access to a
common database.

All processes will be cemtnlled by a common user
interface . Independent pries can he activated frans one or
more woirstaations or terminals . On the contrary, date flow
dependent processes like event buffer d:stribution, event

decading or an-line sorting are ruoning sy

	

otasly in the
baekgsround.

The database will be realized by tbe ZEBRA Dato
Stamme Management Paekage [12], verein for event date
ZEBRA Exchange Ionnat will be used, wich defn d event
md subcven t dato .. stmc re Aj . .otlxr ddata, ei ially

evaluated event date will be stored in ZEBRA Native Format.
InUte fugt atep t a basic ftar or ;al ;ry will be realized for 211

expaircents. Additioaally software imeri'aces and tools will

be provided for experianent specific extensions.

M. CONCI.USION

'Ibis palper reflects die cotreeptual design for tbe date
acquisitiou system at COSY staa in 1990. lt is band on
application of existing or emerging international standarrds in
hardware and software. Same hedware for tlxis is ring
developed to Uni t

	

of täte VICbns, es

	

ily
C e . C mattoller and a Maus to VSB intern.
The key fitere wo& will focus an t overall software

stridcture and its irmpbemettion. In this reg t GSI-
GOOSY software system [13], stich is now urtder
consideration, will in main points meet our regnireme dts as far
as the front esad Domrollers aod tim multi r system Are
co rced. Tue host System software, as outlined in one of tbe
previous parag

	

, will be bemd on software pa ages
developed at CERN.
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DISCTJSSION

J. KOONIJN asked about the possibility of online data reduction at higher Tates when

needed.

K. WATZLAWIK replied that an-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 .





K. Watzlawik

IKP, KFA Jülich

The Kost Computer

The pari of the data handling system that will permit online data analysis is described .





1 .

	

tost Computer
1 .1

	

Hardware Architecture
1 .2

	

Offrene Data Evaluation Requirements
1 .3
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DateG,
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Capabilities, Functionality
22

	

Design Criteria
2 .3 Genanal Software Structure
2.3.1 Software Tools
2.3 .1 Organisation of Data Flow
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Hardware Architecture

Workstation Cluster with central server and workstations
sat®UUl tes:6A<Ä X646 o~~sv .sa

Architecture : VAXNMS with a migration to UNIX

C2peratingystem	
VMS with LAVC, DECNET, LAT and
V S/ULTRIX-Connection with NFS, RPC, ARPANET
TCP11P,

	

P, SM i P and Telnet)

Server:
• cornrnon system dick,

batch, printer/plotter queues, network service,

• clusterwide user disks,
common user System with libraries,
general data acquisition and evaluation software.

Erirnent Workstations: ,

• high CPU performance,
min . 16 MB Memory,

• powerfuil 3D-Graphic, local garaphic processor,
l/® channels:
Ethernet, SCSI for local disc and tage,
connection to VMEbus, in future FDDI,
Iocal page/swap flies, exp . specific data acquisition software,
container for VMEI0S9 software.
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Summary

VAX/V S Workstation Cluster
for the present applications and
for the 1 . generation of COSY experiments,

RISC/UtIX (EJLTRI	 Workstation Cluster
for the 1 . off-line date reduction,

RISC/ULTRIX migrations or RISCIVMS
for advanced COSY experiments,

OSF and POSIX standards are recomendet



	 Off-line Data Evaluation Requirements

Assurning that
- one experiment of 2 weeks runtime with 1 OOkBps (1 KB/event)

produces 100GB of raw date,
availability of COSY for experiments are 50%,
avaiiability of the . Experiment are 80%,

lience it follows for IKP COSY Experiments

- date rate in evarage 24 Kaps,

• 750 GB of raw date per year
.(about 200 EXBYTE 8500 cassettes).

Of-line Data Evaluation:

1. Date Reduction -> local in the 1KP
(2.5h CPU of IBM 3090 tor 200 MB raw date)

CPU power about 10 MFlop (LINPACK n =100, one IBM 3090)
tor IKP COSY Experiments,

reduction factor 3 to 4,

2. Date Reduction --> local in the ZAM
event reconstruction, track fitting
(121 CPU of IBM 3090 tor 200 MB of raw date)

• CPU power about 50 MFlop (five IBM 3090),
disk capacity about 40 GB,

• reduction factor 15.

3. Date Reduction --> local in the IKP
correction, visualisation

- -graphic performance
disk capacity.

1 47



Networks, IKPnet

i(equirements.

Ideal INTERNET subnets for COS' Experiment Networks,

separation of Ethernet Gables by Bridges or Routers
wich the ain to optimize the distribution of network traft,

experiment networks raust be independet fron KFAnet
(Routen
~f~4,J 6.E6~is ®a a~trae c~Jtew2ysv)

s

FDDI 4or data transfer to

	

M for off-iine evaluation.
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	 Onnline Data Acquisistion Software

Capabilities, Functionality

Experiment Control

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

run control,
control of front-end hardware, error handling,
comrnunication with COSY contra!,
control of auxiliary hardware (gas supply for DCs, MWPCs,
vacuum and target controi . . . .)

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

,Data Analysis

an-line sort and analysis of event data,

- graphical representation of data,
histogramming, kack recognition,
3D imaging of detectors 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 m Organisation of data flow, control operations,

-

	

ZEBRA ® Data Structure Management Package for the Database
KU1P Kit for User Interface Package

PAW ® Standard packalte for Data Analysis,

CERNLIB, HSOOK (Interface to Histogramming)
HIGZ (High level Interface to Graphics and ZEBRA)
HPLOT (Plotting Interface)

Open Standards

TCP/IP, NFS for the communication with VME and COSY Control,

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

GKS or PHIGS for graphics applications.
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Organisation of Data Flow

Setup, contr®l of digitizing and auxiliary systems as well as
arrangements of event data to channeis and defect®r .... cö ponets
will be organized by:

Hardware Configuration Data Set
digitizing systerns
auxiliary systems

d .
type, no of systems

	

aquipment
subdedectors

	

no of mudufes, channeis

Seiu~ l7ata
enabied Modules and channels, pedestals
sort configurations

- Bach type of digitizing (auxiliary) system are assingned to
a individuai
Setup Routine,
Readout Routine with defined subevent structure
Subevent ®ec®ding Ruotine.
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DISCUSSION

H .MACHNER : What portion of the hardware would the experimenters
have tA.-provi&e?
K .WATZLAWIK : The front end and the work stations, which are
available now at a cost ranging fron 20 000 to 80 000 DM.

lt was also pointed out that standmalone systems will be incor-
porated into the cluster and that work stations not in use at
the time ofan experiment can be used for an-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 sked why different systems are to be used for data
acquisition and for off-line data analysis.
K .WATZLAWIK replied that there is no sufficient computing power
available at this time . With the 6l bit RISC architecture, which
will be available in the near future for VMSas weil as for
ULTRIX, both online data acquisition and off-line data evalu -
ation can be realized with the sag e work station.

K .ZWOLL noted that computing at IKP at present isVMS®based, but
that computing in the future will be UNIX-based.

H.PLENDL :

	

.en will the UNIX system be available?.
K .WATZLAWIK : die are now at a stage where a Break in computer
architecture is occurring : About two years fror now, the new
system will be user-ready, but ..in the mean time we laust get by
with the old one.

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

IKP, KFA Jülich

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 .





L. ! 6 4 C P

	

Ca a 6 ,54

6 . $ ev ei,1acA

Monte Carlo Studies

e Jülich Monte Carlo C3 0 for Detector

Simulation

MC-Simulations of t e Detector System for t he

COSY40 Experiment

'1;6A 1 2 G . t. xe 54
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	43_ Run
Start run

initia[yse the program

read the prob [em input (CMD, USRCMD)

record starr of run

	

(SÜR, USRSOR)

Event [oop

Start event

	

(SOD. USRSOD)

Source

	

(feed siack)

Stack toop

Tracks, co [ [ i s i~rns~ decays (Scores)

End event

process the Scores

	

(MCADET,USRDET)

(digitize,app[y frigger [ogic)

f i [ ( b i sfograms & record end of event

'EOD, USREOB)

End run

	

(EOR, USREOR)

ou ±pu i histograms & record end of run

	 cal! CMD for poskprocessing
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'viC3 orianisation

	

Page 1

Frame rautines

contro t t input/output a.nd program f tow

rou~irtes _~
	 ®_-®®~.

Phys1cs

SORS

	

'generate source partictes

import source partictes from fites

generate primary co t t i s i ons (PSM)

Geome try

	

provide a
_reg

i an for each po i nt

find distance to boundaries

(defautt is CG-L2 package)

Decay

	

provide particte decay

SL01

	

provide particte energy Lass

COLISN provide nuct .ear interaction

(BertiniINC

	

EVAP in preparation)

physics rautines catt ANAEVT to interface

with the anatysis packae



£3 amganisation

	

Page 2

Analysis Interface
ANAEVT is called when

source particles are generated

for each particle Crack

after each collision

.after particte decay

after particles escape

after partic[e death (E-cut)

-ANAEVT records

x, tP i E type of particles

de 1E de l t de l x (for Cracks)

collision type

scores recorded depend on input requests

particle types e regions or surfaces can

be selected by input

Scores are stored on common /HIT2/



Start run
Initia[yse prob[em independant data:

Particte property fable

Decay tab[e

etc.

ca[l CMD to read the problem description

Geametry description

Material description-

Source particie/ co[[ision description

MC3-MCA interface description (SCORES)

MCA digitiser description (DEFDET)

App [ i cat i an input (via USRCMD)

Histogram definitions

cal[ SOR to generate Start of run trigger

and initia[yse theana[ysis

cal[ USRSOR for app[ication specific inits

in user code



	Event Ioop
Start event

clear particte stack

report start of event, c[ear Scores(SOB)

reset user event an(l[zsis-r (USRSOB) --

Generate source partictes

cal[ SORS for beam particles

catt SRSCOL for source cotlisian ('SM)

push partictes an stack and catt ANAEVT

Stau [oop (unti[ stack is empty)

pul[ top stack particle

perform partic[e tracking loop

cat[ing ANAEVT to record Scores

End event

ca t 1 MCADET (USRDET) ta p .roce. ss Scores

ca t t EOB (USREOB)

to fi[[ histograms and

record end of event



Particle frackirr Ioo

find distance for tthe hext Crack

call Geometry to find region

and distance to boundary
find dist . to col 1 ision

--find dist .-to decay	

f[y minimal distance

adjust xyz E t P

score Crack

se l ect act i on® esc . bound . co l 1 . decay

when

	

{then
collision 1

	

cal[ COLISN

--decay -- i __cal l DECAY

	

	

score act i an

restore fin g [ state partic[es (if any)

when

	

Ithen

boundary

	

I

	

loop back

[
alt scores are do p e in ANAEVT
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Parameters Used

energy resolution s ° ated by a Gaussian ih

o=± 100 eV

2 different ass

	

tions for angle straggling

o- ® - 1 mrad Gaussian

± 5 mrad Gaussian

proton beam momentu.m 834 MeV/c

(slightly above pion threshold)
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u ation

PS3f-Model for the reaction

p • n -$ t• p • p

C c ati®n of the f® momenta of the two ,

protons

Evaluation of missing mass speetrum of the pinn
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Empirical moments
Hits 5124.
Missed 0.

Minimum 1 .931E-02
Maximum 7 .965E-02
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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 ls

state (' 1 MeV) and the level width (a+ 100 keV) that is not good enough, he noted,

because one cannnot correctly reconstruct.

Should one, therefore, reconsider the old detector arrangement and put high-resolution

wire chambers alter target and Ge Wall?

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

beam Jump"?

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. K1LIAN stated that he would consider the experiment to be successful, if it just

showed evidente 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 pionic atoms. He also noted that 40Ca is a nice target, because one does not expect

to see core excitation.

H. PLENDL added that
48

Ca 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 live width for

4gCa to be narrower than for 40Ca .





H. Machner

IKP, IFA Jülich

A Pre-Experiment

A study of the reaction p + 2H -4 3He + i with a 4i- geomertry, an experiment that will

allow the testing of the components of all detector arid data handling systems separately,
is proposed . The intrinsic interest of this experiment is also discussed .
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DISCUSSION

H. MACHNER, in reply to a question stated that the electronics intended for the

experiment can handle '5 x 10 5 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 lange 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 47r detector, so that one gets a complete angular

distribution in addition to a fall energy spectrum . Hence there is no need to reset the

angle or the momentunl acceptance . Such complete acceptance has beern 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

dope.

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 producemesic nuclei.

The meeting closed with an announcement that E.J . Lieb would give a seminar the

following day an the results so far for searches for 77-mesic nuclei at BNL and at

LAMPF .





The presentations and discussions at the collaboration meeting gave a clear picture of

the motivation for the planned 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 . lt 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 Lake place at

the time of the annual COSY Users (CANU) Meeting at the Bad Honnef

Physikzentrum, 16-17 December 1991 .
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