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MEASUREMENTS OF INELASTIC PROTON COLLISIONS
WITH LARGE ENERGY TRANSFERS AT THE ISR

INTRODUCTION

A previous communication” to the ISRC has outlined the
interest of observing inelastic scattering involving large energy
transfers (deep inelastic scattering) at the ISR. The present pro-
posal is to begin at an early stage of colliding beam operation with
measurements of the differential distributions of correlated inelastic
proton=proton events together with observation of the high energy jets

associated with such events.

The essential new feature of the ISR is the possibility of
observing, in a controlled way, events of very high multiplicity, on
average ~ 10 charged particles, due to the greatly increased possibi—'
lities of energy transfer far beyond the range of presént accelerator
experiments. The average inelasticity of very high energy hadron col-
lisions is estimated?‘) to be ~ 30% so that for 50 GeV in the c.m.s.
about 15 GeV is, on the average, available for particle production. At
the T3 (~ 25 GeV lab.system) the c.m.s. energy is 6.2 GeV and, on the
average, only about 1.9 GeV may be given to production processes.
Hence the very large change in "average" events let alone those with

a "high" inelasticity is rather clear.

The experimental technique involves two distinet parts, the
triggering system and the jet detector or more precisely jet core
detector. Differential distributions of inelastic p-p events are pro-
.vided immediately by the trigger system, such distributions being in
themselves of great physical inter‘est1 « A jet detector, in its most
elaborated form, would be perhaps the most advanced piece of equipment
t0 be used at the ISR, This is not the aim at this point, rather it
will be attempted to gain some experience with complicated events in

the simplest (and crudest) possible way.
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To summarize, the aims of this proposal are:

(a) to determine the distributions of inelastic proton scattering over

a wide range of energy transfer or inelasticity;

(b) to observe jets associated with given inelasticity;
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(c) to observe quasi-stable states (tr~ 10 sec) such as K°,

hyperons or any new phenomena on this time scale;

(d) to observe characteristic phenomena such as quarks of subnormal
ionizing power or monopoles of high ionizing power in association

with large transfers of energy.

EXPERIMENTAT, TECHNIQUE (Phase 1)
(A) OTrigger system

At the earliest phase of operation it is assumed that there will

be no magnetic elements near to the ISR vacuum chamber.

A system of derenkov counters is used to provide energy selection
on correlated high energy proton events. TFig. 1 sketches the experi~
mental set-up. Two pairs of 3 m long gas Gerenkov counters are placed
on conjugate sides of the intersection region (in—going beams) above
and below the median plane .They are mounted on traverse mechanisms SO
as to be able to cover a certain angular range of particles emanating
from the collision region. In the first instance the vacuum chambex
may be of the standard type for the ISR running in This is of course
vory far from ideal because of the rather large amount of material

traversed by the particleS.

The telescopes (ABCDEFGXY)1,2 are set to detect protons within
narrow momentum bands the widths of which will depend on the specific
mode of operation. One particular mode, for the detection of protons
above 20 GeV/c, may be outlined as follows. Counters ACE register the
passage of charged particles within a given acceptance (N 63:10"Ar sT for
each arm). The éereﬁkov counters X are set to detect particles above
a certain velocity e.g. above that for 20 GeV/c protons and, hence
are sensitive to pions of momentum above ~ 3 GeV/c and kaons above

~10 GeV/c. The Jerenkov counters Y are set to detect pions above
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about 7.5 GeV/c and in this condition are below threshold for protané
between 20 and 25 GeV/c. Then the signature ACEXY signals protons of
momentum above 20 GeV/e, pions between 3 to 7.5 GeV/c and kaons above
10 GeV/c. Counters G are total absorption devices which discriminate
between the pions and the high energy protons; a simple steel-scin-
tillator sandwichB) with an energy resolution of ~ 30% should suffice
for this purpose. The kaon contamination should cause no problems as
it is expected to be small. A final momentum measurement on the pro-
tons detected above 20 GeV/c is achieved by pulse height analysis.
Another mode of operation would be to set both lerenkov counters X and
Y above the 20 GeV/c proton threshold and perform pulse height any-
lysis on them. High energy pions and kaons ( > 10 GeV/c) producing
larger pulses than 20 = 25 GeV/c protons would be rejected on this
basis and the pions in the velocity band of the protons would be
signatured by the absorption counters G. Our experience of the
Serpukhov detectors4), threshold and differential threshold counterss)
indicate that it should be possible to select protons within a momen-
tun band of~1 GeV/c. The resolution. can be improved by about a factor

f 3 at the expense of detection efficiency.

Angular resolution in the telescopes is provided by small
Crharpak planes BDF (each x and y) of dimension ~ 20 x 20 cm® having
~100 wires per plane. The angular resolution provided for the tele=

scopes is then a fraction of a milliradian.
(B) Counting Rates
1 reliable estimate of the counting rates of either single or

carelated protons is difficult to make considering the very large
energy increase beyond present measurements. A model can be mad§ how-
ever on the basis of results on single proton spectra measured at

30 GeV/c. It was shown that a reasmable fit 1is given by

s =D
26 = K p2 exp, z A
- T P\ 0,166

d )
dpqdpy

Pp and p. being the c.m.s. transverse and longitudinal momenta.At
L
30 GeV/c the maximum value of Py = 3.69 GeWand K = 610 (mb/GeV4)

Assuming that the total cross section, P for producing inelastic
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protons, that is the integral of the above formula, is constant with
o

energy then K ~ ma%ﬁ and hence for the ISR momentum (25 GeV/c)
L

K = %—2-9- x 610 = 90. Taking a scattering angle of 35 mrad and a
momentum bite between 20 and 25 GeV/c the differential cross section
obtained using this constant in the above formula is %—% = 250 mb/sT
and the counting rate in a solid angle of 6.10""r sT a:ssu.ming that the
ISR intensity is such that a 40 mb total cross section gives ‘105 inter-
actions per second is -?Z%Q x 105 X 6:{‘10--‘5r = 375/sec. 1t 1s not very
clear how to estimate a correlated proton rate and again one has %o
make some sort of a crude model. AS & first guess one may factor the
correlation into a part involving a momentum interval and a part con-—
cerned with the angular distribution. For simplicity and as an example
let us take the telescopes set at conjugate angles of 35 mrad with
respect to the ISR beams and each accepting a bp of 5 GeV/c from

20 to 25 GeV/c. Then as the inelastic proton momentum distribution

is essentially flat over its whole range at small Pn there will be a
momentum factor in the correlation of 5/25 = 0.2, Having detected a
proton in cne telescope we now assumé that the other correlated in-
elastic proton will be distributed about the axis defined by the first
one. The distribution function about this axis we take as

exp(-4 pyp 2)wvhere py is now referred to this axis. One might guess
that the parameter A would decrease for inereasing energy loss and we
shall calculate the amount of the distribution accepted by the tele-
scope for various values of A. The telescopes accept an angular

renge of 123 mrad or a transverse momentum range of about £0.28 GeV/c.

Hence, one simply evaluates .zajr ¢ P dp, and includes the momentum
factor given above. The resﬂf%zis given in the following table:
A(GeVﬁz‘) Correlated rate (sec—1)
10 52
5 40
1 19

To recapitulate, these rates are for the nominal luminosity and for

telescopes such that o&p =5 GeV/c (from 20-25 GeV/c) and
4

AQ = 6.10" ', The uncertainty of these numbers is hard to assess and
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indeed it is for that basic reason that the measurement of correlated

protons is interesting.

(c) Jet Detector

It is proposed to use isotropic spark chambers7) to detect
forward going jet particles associated with leading ﬁrotons of
specified inelasticity. Two chambers of dimensions ~50 x 50 x QOcm:
are placed at conjugate positions above and below the median plane,
as shown in Fig. 1. In this configuration forward going particles of
high multiplicity jets may be detected. Background tracks according
t0 the measurements of Agoritsas et al.8) shouid be no problem.
Operation of the chambers in the linear mode ensures their isotropic
response, mu¥;i-track sensitivity (Fig. 2 shows 2 photographs from our
quark searcﬁaillustrating these features) and furthermore their unique
possibility to measure the ionizing power of the particles in the jet.
Each chamber is viewed in stereo by an iﬁage intensifier, the resulting
picture being photographed in a conventional way. The aim is to have
an essentially visual device for observing potentially complicated
cvents. This should be a distinct advantage at an early stage of ISR

expcrimentation. It is worth remarking that visual spark chambers will

be used for the detection of complex events in the first years of
creration of the i project at PS energies.

(D)  Experimental Possibilities

With regard to the aims listed in the Introduction the followirg

ramarks may be made.

2 4
(i) The scattered proton distributims-il:z—- and d g
(1) 3,(1)
de de

dedpL

2 ap?)
may be determined with the 5erenkov telescopes detecting either

“only one or a pair of correlated protons. These distributions provide

a lot of information about very high energy processes, in fact results
which we have obtained on the single proton distribution at 19.2 GeV/b1O)
show very interesting features when compared with deep inelastic
electron scattering data. In the ISR measurements the rather moderate
momentum resolution mentioned above should not be & serious disadvantage
as in the region of large energy transfers bigger than say 2-3 GeV

fine structure (resonances) may be expected to play no great role.
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Also the momentum spread of the stacked primary beam will be

~2% x 25 GeV/c = 0.5 GeV/c.

(ii) The observation of jets associated with given inelasticity or
energy loss of the leading protons would be quite limited in

this experiment. The coverage of solid angle is such that only jet

particles fallowing closely the leading baryons (the core) could be

observed. Even so it seems valuable to examine the situation

qualitatively especially as more ambitious experiments could be bettez'

designed in the light of such experience. Some results at 30 GeV/c

lab momentum should be forthcoming during the next year from an experi-

ment of the type we are proposing by Collins e% al.11) at BNL.

@ii) V events could be observed well in the isotropic chambers. x°

could be detected with a correlated proton trigger as part of
a jet core while peripherally produced hyperons might be better de-

tected with a single proton trigger.

(iv) The possibility of very massive states of lifetine of the order
of that of hyperons and decaying into many particles may also be

considered in this contexti.

fiv) So far the cvidence for the existence of fractionally charged

guarks is based on cosmic ray exper1ments12’ 13)

14, 15)

in which the
experizental technique has been questioned. Nevertheless whatever
this evidence is worth it has suggested that quarks are very massive
and are produced in association with many other particles or, in other
words, in a jet core. It seems worthwhile, therefore, to look for
guark events in the isotropic chambers triggered for large enérgy
transfer and making use of the ionization sensitivity of the devices.
Evidently the same may be said for Dirac monopoles. Furthermore there

may be more curious things to see than are dreant of in our philosophy.

We think that the points (i)-{iv) described above should be amen-
abls,with the technigque proposed, to a preliminary study which may be
regarded in the same light as a first bubble chamber experiment with a

new accelerator.



PHASE 2

Assuming that the development of these experiments proves to
be interesting it is clear that some magnetic analysis in the trigger
arms would increase the precision of the energy measurements, however,
diecuse;oh ~f this will have to await the further development of the
programme.,A larger coverage of the phase space avallable to the jet
configurations by use of larger'lsotroplc chambers would be desirable,
but again it is probably better to postpone a detailed discussion of

such extensions to a later time.

MONITORING

The Cerenkov counter telescopes themselves, for-a fixed con-
dition, constitute a good relative monitor of the ISR luminosity, that
is they measure the flux of high energy events from beam-beam inter—
actions. . Simple secondary particle counter teleSCOpe16around the
intersection would provide run to run normalization and all cross
sections could eventually be referred to those for elastic p-p scat-

tering which will be inevitably detected by the system.

TEOTNICAL IVPLICATIONS

An 1ng01ng beam intersection region is necessarye. The earliest
nousible provision of a special ISR vacuum chamber matched to the
detector system is an obvious and necessary improvement. For the
phase 71 operation no nagnetic analysis is foreseen sO that the minimum
of resources at an intersection region are needed. It should be noticed
also that the apparatus is rather mobile and can be readily moved into

or out of a straight section.

The Cerenkov counter telescope equipment is rather straight-

forward and the counters themselves can be developed in the 11ght o?

our Srmnuknov experlence._ Ihe demanas on Charpan Dlane uechnology
(~12OO wires) igs rather modest and should be readily realised. A

small computer such as a Hewlett Packard 21163 would be necessarye
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Since no magnets are involved the movable mechanical supports
for the detectors should not be a major problem. The isotropic cham=
ber development, for the first part of the programme at least, appears
to fall within that of an operating group as for the quark experimen't9)
of 1968, All of the apparatus would be put into running order using a
high energy secondary beam at the PS.
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'Figure 1

Figure 2

FIGURE CAPTIONS

Schematic diagram of apparatus layout. Left hand tele-
scope is above the median plane, right hand telescope

below.

S isotropic éhamber

X,Y Cerenkov counters
A,C,E scintillation counters
B,D,F Charpak planes

G sandwich counter.

Isotropic chamber photographs from quark search of
Allaby et al. 7. The width of the chamber was 10 cm.
Beam direction is indicated. The tracks not collinear
with the beam direction arise from interactions in the

walls of the chamber.
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