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Introduction

The idea of searching for resonances of higher baryon numbers
was first proposed by A.M. Wetherell') and the idea of using the reaction
P+p->7T+ d as a means of studying high momentum transfer processes
(the nucleon pole) has been proposed by M,L. Perl et al?). A recent experi-
ment by Cocconi et al®) on the reaction p + p - at e a suggests a resonance-

like behaviour of the differentisl cross section at a diproton mass of 2.87 Gev.

However, in that experiment only the diffeerential cross sections
at a fixed laboratory angle (60 mrad) were measured, therefore neither the
behaviour of the total cross section of the reaction p + p - at 4+ a as a
function of energy, nor the angular distribution of the differential cross
section around the resonance region were measured. Since the knowledge of both
are essential in determining the existence and some of the properties of this
resonance, it is therefore interesting to perform a detailed study of the
reaction 7t + d » p + p around the c.m.energy of 2.87 Gev in the 7 4 rest

system,
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Purpose of the Experiment

A, Tt is intended in this experiment to carry out an accurate measurement,
at various energies, of the differential and total cross sections of the
reaction

"+ & » p + p (1)
The exact knowledge of both these quantities enables one to determine the
existence and, possibly, the quantum number assignment of the resonance,

B. To fill in the gap in our present knowledge of the behaviour of reaction (1)
at high energies.

C. This is an extremely simple experiment and it would therefore, from an
experimental point of view, be fun to do it.

Kinematics

Before discussing the experimental set-~up, it is important to

observe the following kinematical facts which occur around the energy region

in which we are interested.

A,

1/406%9/k1

To study reaction (1) around the centre of mass energy of 2.9 Gev, one
needs an incident pion of 1.2 Gev and therefore the existing 7t beam
of the PS (as) can be utilized.

The angular correlation of the two outgoing protons in the laboratory
system (see Fig.1) of reaction (1) is sufficiently different

((ae) s~ 2°) from that of other two-body final states that may occur
in the 7% + d system (i.e. 7 + pom +p, andp + p- p + p; due to
proton contamination in the al beam). This cnables one to select
reaction (1) from other two-body final states, by just using counters with
angular resolutions A® < 2° , and arrange the counters in coincidence

according to angular correlation of reaction (1).



C. At given emission angles in the laboratory system, the momenta associated
with the two protons are sufficiently differént from the momenta: of the
products of other two-body reactions (see Fig.2).

‘Thus for a 5 m flight path, the difference in flight time between protons
from reaction (1) and protons, pions and deuterons from other two-body
‘reactions is of the order of 10 ns. This enables us to make a time-of-flight
identification by using only the CERN standard fast coincidence circuits

(£ 5 ns resolution time).

Tablé 1. gives, as an example, at the incident‘pion momentum of
1.0 Gev/c, the ahgular correlations and flight times for 5 m flight path
for protons from reaction (1) in comparison with particles from other two-body
readfions, Note that the time-of-flight measurement is most efficient in

rejecting other reactions with small angular separation and vice versa.

Bxperimental Procedure

A. Range of momenta of the incident beam.

In order to cover the region of the structure found in the reaction
p+p- 7t + d, it is sufficient to run the present experiment at the

following momenta:-~

po(Gev/c) Ei n (Gev)
Incident 7 momenta Total energy in the c.m.s.
0.70 " _ ~ 2.50
0.85 2.60
1.00 2,70
1.25 2.87
1.35 2.95
1.70 ' ' 3.15
2,00 | 3.32
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B. Beam characteristics.
It is intended to utilize the existing Lundby beam for this experiment.
This beam yields an intensity of 107" / 10" p in a momentum bite of
+2,5% at 1.5 Gev/c. Assuming an average intensity of the PS of 6°:10'' per
burst, the experiment can be run as a parasite, using a spill on target 6
of 10% of the full intensity only.

C. Counters and Target.
A 10 cm long and 2.0 cm diameter 1liquid deuterium target (see Fig.3). Six
pairs of plastic scintillation counters Fy ... F¢ (10 cm x 100 cm x 1 cm)
and By ... Bg (4O cm x 100 cm x 1 cm) arranged in double coincidence accord-{
ing to the angular corrclation of reaction (1) and in triple coincidence with
the beam defining counter S: 30 as to measure the flight time of the

secondaries from the target.

Fig.3 shows, as an example, the arrangement of counters for the incident
pion momentum of 1.0 Gev/c. The angular correlation of counters

BiFi (i =1, ... 6) is determined according to Table 1.

D. Resolution
a) Angular resolution: The combined uncertainty due to beam divergence,
multiple scattering in the beam counters S4, Sz and in the target,

and from the finite sizes of the counters Bi Fi gives an overall spread
of A® = * 1,3°, ‘

b) Coplanarity angle resolution: The coplanarity angle resolution is
determined mainly by the size of the counters Bi Fi and the distance

they are placed from the target. In the present case we have A@at 69
E. Solid angle of acceptance: AQ = L x 1077 sterad.

F. Background: The cvent/background ratio with the present resolutions is
estimated to be of the order of 10%. It will be determined by uncorrelated

counter pairs.
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G. Counting rate:
Assume an average differential cross scction of 50 ub/sterad (see Appendix 1)
and 10% of the PS intcnsity on target 6. One gets O.L4 events per burst
per six pairs of counters, or 4 x 10° events per shift or approximately

0.7°*10° counts per angle.

H. Running timc required:
Assume a safety factor duc to time required to adjust counters for cach
energy, and errors in the estimation of beam intensity and cross sections.
Then, for the seven encrgics we are interested in, we estimate 30-40 shifts

of parasitic running.

I, Time schedulc:
Since no other claim has becen put forward on the Lundby beam, and only
standard equipment is used, we think to be able to run the experiment in
December 1963,
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TABLE 1

C03, 65

T +D—= P~P

R e o gl =

D> 1T "+ D

9; JCP(ns) Q‘; tP(us)

° W o (NS)
On 12 Op tp

° (Ns)
Or trm

o

)
Op tp

0.990

514 197 16543 334

514 160 823 2100
6543 183 346 20.6
150.00 183 514 206

514 189
6.4 174

647 174

86,00 3200
514 770
5.4 270

0.950

157 197 14802 32.|

16.9
18.]
8.1

176 69.5
182 208
.57 208

[1.57
148.02
134.00

.57
146.02
145.00

169
74
174

8100 132.0
1040 721.3
.57 278

0.800

2372 199 11955 288

460
[5.96
23.60

2372
119,55
95.00

4.0
211
21

165
180
176

16,9

7.4
174

A1
119,55
12.00

72.00 835
20.60 288
23,72 28.8

0.600

3477 200 90 2l

570l
22.00
35.02

347
9.0l
68.23

169
176
17.1

348
217
235

196
172
170

477
Al
86.00

04.06 5%

29.00 299
3477 316

Q.300

4889 2.2 7857 235

4613
30.33
48.89
1857

280
224
28.0
90.0

483> 170

18.57 |74
46.06 110
.00 168

48.89
18.57
4950
1543

169
169

5606 440
38.00 320

63 4889 390
169 7857 1120

0.00

6285 223 6285 223

62.85
28.00

70 3843 238

6.9 6235 390

62.85
3713

[ 472
6) 62.85 54.0

370




APTENDIX 1

Estimation of the Average Cross Sections

for the Reaction 7' + d - P+ pt(1)

1) Total Cross Sections

For the reaction A + a » B + b and the inverse recaction B + b » A + a
the relation between the total cross sections can be expressed as follows,
(E. Fermi, Nuclear Phy31os, p. 146):

(2 I+ 1) (2 I +1)P % aa Bb)_(z IB+1)(2]'_b+1 (Bb_)Aa) (2)

where ;A’

the c¢.m, momenta in the (4,a) and (B,b) system respectively.

s IB, Ib are the spins of particle A,a,B,b and Pa, Pb are

For the reaction p+p5S 7+ d at a c.m. energy of 2.9 Gev/c, one

has

IA=Ia= Ya IB=1 Ib=0

P, = 0.69 Gev/c P o= 1.1 Gev/c

(ras pp) = /% (0 69) “(pp-md) (3)
or

O(na-pp) = 27 “(pp~ 7d)
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2.

PS/L069/k1

Differential Cross Scctions

Assume at a given angle in the c.m.s. the differential cross sections
for the reaction (1) also goes up by a factor 3.5 as determined from
equation (3). Since we are detecting itwo identical particles at the same

time, our rate, at a given angle should go up by a factor of 2,
However, the Jacobian of transformation from the c.m.s. to the labo-
ratory system for the reaction (1) is of the order of 2.5, but instead, f or

the reaction p+ p-> 7 +4d it is of the order of 20,

Therefore, the differential cross section for reaction (1) is

4o . 2.1 (49 . 2 (4o
an = 750 \as = 70 \dn
lab(m+d-p+p) Llab(p+p> 7+ 4d) lab(p+p>m+d )
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