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Genersl considerations

The study of multiparticle processes will be, besides the sezrch
for exotic particles, one of the mnst interesting fields for ISR
physics, since one might hope to find genulne multibody effects.
With an average multiplicity of 2bout twalve particles in the 1
nal state, exclusive experimeznts appear to be infeasible because
oi the “co nrany free kinematical variables.

&

As a first step sin gle particle spectra have been investigated
1 me

ISR cyperimeuts are extending these investigations oo higher

The next obvious step is to study nvitiparticle correlation., and

14
we are in particular interested in two-particle correiationsg. 1%
seems that such correiations can give more detailed informaticn
on the dviiaiiies of strong interzction than single particlie spect
which are mainly connectad with the general properties of the in

2 4
teractici 1) 2) 3) ').

[

Very little is known experimentally on inclusive correlat

~

at accelerator energies. Some specific theorctical ideas have be
develcped. They were described alrezdy in ISRC 71-30. Powever it

Kl
{

v

-

nts at conventicnel accelerators and crprovad

-~
<

Cul even

seems that st any rate the experimentzl results should he azvbpioarchie

from a phenomenological point of view, since in certain resvects

it is not even clear which kinemsatical variables might be releva

- - - - - -
The main nurpvose of this papver is %fc complemnent TSRC Ti~

30 vy sp
eifying mors precisely the correlations and the kinematical regl
we want to investigate, tc give mcre details on the experimeincal

set-up (in pzrticular on the Cercnitov counter) and to provide

N

better astimates for the counting rates.
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II.

Proposed measurements

The 2-particle inclusive reaction
p+p-+a+ B + X

is described by six independent variables, for example the trans-
verse momenta Pio® Pig of particles a and B, the longitudinal
3 $ ‘ = r loneitudinal
scaling variables Xy p”a/po (p“, p, are the *onngualn;¢ and
and the
difference (FaB between the a2zimuthal angles of particles o and R.

primary momentum in the c.m. system), the missing mass M

£ )
Instead of Dy’ p18

. 2 -1 2 B
used. The energies sa/M = (1 - xa) , SB/M =

the momentum transfers ta, t
(1 -

are sometimas
X

,8)~1 or the
rapidities Ea’ EB are alternatives to Xqs Xgo

The correlation function for the particles o and B is defined by

2 -
F(p.l(l’ Xas p-LB, xas Me, (P(IB) =
- 2 . 2y . 2
= P(p,os Xgs Prgs Xgs M5 o) = p (P s %, M%)« polp) oy xp, M7)
where'pu and g are the probatilities for finding the single par-
ticies o and B with the respective momenta where P is the probabi-
lity for thre simultaneous emission of a and B. If a and 8 are pro-
duced independently then F = O.

Present tneories do not allow to make quantitative predictio.s on

the magnitude of such correlaticns fsee ISRC 71-30) and very Little

is known experimentally even at accelerator energies. Frow some
5)
ba

cily it muy be concluded that the average correlaticn should be

general arguments sed on the variance of the average muitipli-
sizeable, however it is not known how it is distributed over the
kinemati~21l range. ;

As a consequence a large region of thase space should be investipga-
ted. The arcuracy we are aiming at in the cross section measirement
is of the order of a few percent. This can only be achieved .v ucgin
the split field magnet (SFM) facility.

We propose to measure the following 2-particle correlations:

1) Two leading nucleons, in particular a proton anrd a neviren
going in opposite directions. The kinematical range would b2 aporox
mately 0.1 < p; < 1 GeV/e, 0.2 < x < 1 for both nucleons. The



missing mass will cover the range from ~5 to ~40 GeV (see fig.

1 and 2). The full range of azimuthal angles Pog will be covered.
The study of p - p correlations has been proposed already by an-
other group 6). Expected counting rates are given in table I.

2) A proton (or a neutron) and a pion (n+ or m ) both going in
the same direction. For the proton the kinematical range is again
0.1 < p1 <1 GeV/e, 0.2 < x < 1, whereas for the pions

0.1 < p1 <1 GeV/ec if x £ 0.3 and 0.1 < p; < 0.5 GeV/c if

0.3 < x < 0.6. For x % 0.6 the coincidence rates will be very
small (for details see fig. 3, 4, 5 and table II). The missing
mass range will be ~5 to ~U0O GeV.

. +_+ + - - - . . .
3) Two fast pions (m'm , m 7 or mm ) going in the same or in

opposite directions. Since in this case the intensity drops fost
both with increasing p; and x for both particles thec kinematical
range is muczh more restricted (sse table III).

As a first step in the aralysis of the data one will look :ur
correlaticns between the momenta of the two particles in order to
check some gene.al preuictions of‘the rmultiperipheral mode!. lhus
one should expect that correlations Jisapvear if the difference
between Xy and X tor the respective rapidities) increases. A
further question is whether scaliryg laws exist for

F(pla’ Xqs Pigs Xgs M2, ?aB) in a similar way as they have been
found for Py \Prgs Xo» M®). It should also t& tested whether inc-
torisation holds in correlations.

2

Of particular interest will be a sear:h for azimuthal correjations,
since they can help to reveal the nature of the Pomeranchuk singu-
larity (for a more detailed discussion c¢f ISRC 71-30). Only ~ue
such experiment 7 nas been p:irformed at accelerator energies, and
it was found that for the reastion K+p + K% + 17 + X at 12.7 GeV
the azimuthal correlation disippears fcr missing masses M2 > 14 GeV
However thne ststistical accuray is only about =z 30 %.

k) As a by-product we shall obtain singie particie inclusive spec-
tra for p + p+n + X, for 0.2 < x < 1 and p, § 2 GeV/c. No measu-
renents of “he neutrcn spectrum with a hydrogen target have been
performed, not even at accelerator energies. On the other hand the
neutron inclusive spectrum is very interesting from a theoretical
piont of view {(see ISRC 71-30), in particulaﬁ since {hers are inte-
)

resting predictions based on a quark mcdel .



IIT.

Experimental set-up

For the proposed experiment the basic set-up of the proportional
wire chambers can be used. The essential additions to these cham-
bers are

Cerenkov hodoscopes to identify charged particles,
a total absorption neutron spectrometer,
trigger counters.

a) The use and performance of the Cerenkov counter depends cruci-
ally on its optical efficiency, its ability to serarate piocns,
kaons, and protons, and its spatial resolution (see fig. 6a, 6Db).

The present layout of the Cerenkov counter optics gives uniform
optical efficiency along any hori~ontal line and also - except
near the symmetry plane of the 2 {uuper and lower) counters -
along any vertical line. This is schieved through use of two cy-
lindricol mirrors for each C counter unit. Light is collected and
focusreu 'ith uniform efficiency over the entire counter zrea ex-
cept close to the horizontal strivp where the first mirror from

the upper half of the counter touches its ccunterpart from ihe
lower halt. Thus the optical efficiency for C-light fron particle:z
coming from the interaction region should te uniform everywhere ex
cept in a small strip whose area is abhzcut § - 10 % of the total
area cove.ed, where the optical efficiency will be rising from O
to optimum.

Calculatinns concerning the particle separation were based on the

following :ormulae given in CERN/ISRC/69-5 8):
Quantum efficiency of PM tube 13 %
Optical efficiency 50 %

9 photoelectrons taken as "yes" signal
1 photoelectron taken as "no" signal

_ Number of photoelectrons Ne = 75¢1l«/e=-8) .

where 1 = counter length in cm,
’ € = n-1

- - -

.- ©§ = 1-8

and € = K+P, where P is pressure in kg/cm2 and X is a constéent
characteristic for the gas used.



The particle trajectory length within the counter is of the order
of 100 cm which imposes the necessity to use a gas with high re-
fractive index such as propane or isobutane. Some results are
given below.

gas pressure clean separation of 7 from XK and p
for momenta p

o]
propane 2.0 kg/cm“ 3.5<p<7.5 GeV/c
isobutane | 2.0 kg/cm2 2.5<p<7.0 GeV/c
gas pressure clean scparation of w from p for

momenta p

propane 1.5 kg/cm® 5.0<p<17.5 GeV/c
isobutane | 1.5 kg/cm2 %.5<p<15.0 GeV/c
isobutane, 2.0 kg/cm2 2.5<p<i3,.0 GeVl/e

The spetial resolution of one Cerenkov counter unit depends on tirz
Cerenkov argle and the focusing properties of the optical sysi:z..
In the vertical coordinate there will be no resclutioi beransz the
point of interaction is always focussed onto the face of the 'l
tube. In the horizontal coordinate the light at the focus will ex-
tenid ~20 om for a particle producing enough light to satisfy the
threshold condition. Alwayvs *wo PM tubes will be hit whiech ~ives
the orportunity to form a coincidence. Thus 2 charged particles csa

clearly be separated within one Cerenkov counter unit alcne if

(\%4

their horizontal distance is 220 em. With ine additicnal use of

ct

track information from the preportional chambers the separation

abilitly may even be heitter. Calculaiions were done tr find out
how many of the produced charged particles will hit one Cerenkov
counter unit and cannot be separated. Ve used the program FOVL
with a constant 7 charged particle fiflal state and a cutoff at
Ipl= 2 GeV/c crudely representing the influence of the magnetic
field. Our preliminarv resuits indicate that in about 10% ¢ the
events there will be 2 charged particles traversing one

Cerenkov counter unit with a distance £20 cm.



b) A neutron total absorption ccunter NL will be placed be-
neath the beam tube on the left side. It will thus be installed
just below CL' There 1is not enough space available to set up the

Cerenkov hodoscope and the neutron counter one behind the other.
The reason for installing the neutron counter below (or if ne-
cessary above) the beam tube instead of sideways is due to the
fact that the azimuthal asymmetries are proportional to cos @aB
and hence the most precise information is obtained from Gug * 0
and =x180°. Now in the SFM the range of accepted p, is larger for
particles emitted up or down than for particles produced in the
horizontal plane.

A schematic set-up of the neutron counter is shown in fig. 7. It
consists of an anticounter A, a converter C (about 6 em Al,, a
trigger counter T and a Fe-scintillator sazndwich. In crder to de-
.termine the point of interacticn of the neutron two possibiiities
are considered. First the trigger ~ounter T could be subdivided
in a proper way to form a hodoscupe. A second way would be to
place the anticounter and converter in the split field magnet in
front of the piroportional chamber dNo, 21(15) which would then be
used to inficate the interaction point.

The following measures will be taken to assure as good an energy
resclution as possible. Only neutrons converted in C are cornted
by requiiing a trigger T. As a consequence most of the shower
length is contained in the iron. A drawback of this is of course,
that the detection efficiency of ncutrons is reduced to about 10%.
The converter C is smaller than the size of the iron plales thus
reducing l1ateral losses of the shower.

In recent test measurements it was found that for neutron energie=s
around 20 GeV a total Fe thickness of about 70 cm is sufficient

to chtain a resolution of about * 15 % with iron plates L4 ecm thick
Howaver, for cnergies below 10 CGeV thinner plates (1 to 2 <m) and
more scintillation counters sandwiched between the iron are ne-
cessary to get a reasonable resolution. Such a counter is under
construction. '

-



Iv.

Event rates

The counting rates were estimated on the basis of the thermodyna-
mical model. The program SPUKJ written by J. Ranft was used to
calculate the production spectra for single particles. Results

- being very similar to those based on formulae given by

Cocconi 2)

- are shown for a c.m. energy of 40 GeV in Fig. 3, &
and 5 for protons, 7t and ©~. The data are given as function of
the variable x = p“/po and the transverse momentum p, . Similar
curves were calculated fcr 30 and 50 GeV c.m. energies but in
terms of these variables the curves were the same with deviations
of less than about 30 %. Hence for an estimate the numbers de-

duced froem Fig. 3 to 5 are typical for all energies of interest.

The coincidence counting rates were obtained from the sinu = par-
ticle rates by simple multiplication and folding in the instru-
mental acceptance. This implies that correlation effenis zie ne-
glected. The results are shown iu %ables I to III.

All rates are given for the momentum intervals:

-
[

- charged particles Ap, 0.0% GeV/e

apy = 0.5 GeV/e
- neutrcons Ap, = 0.1 GeV/c
Apy = 2.0 GeV/e

Except for theose cases where py ¢f Loth particles is approximately
1 GeV/c or higher the statictical errors which could be obtained
during 100 h of running rime for one c.m. energy woulid be better
than 5 7. For m momenta above 12 GeV/c the accecsible range of

p, becomes much smaller, however.
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Table T

Estimation of counting rates [ hot ] for L = 2x10°° em™2 sec -

n-p coincidences

ECM = 4O GeVv
xp = 0.2 Xn = 0.2
proton p,;
fGeV/c]
neutron \\\L
0.2 Otu O.6 0.8
Py
[GeV/c}
0:2 1€0 100° 50 10
0.4 220 140 80 20
0.6 180 120 0] 10
c.8 120 80 40 10

efficiency of neutron counter €, = 0.1

Apy

r‘
2 GeV/c } for neutrons
Ap;

0.1 GeV/e J



Table Ila
Estimation of counting rates [ n~? ] for L = 2x10°0 cm”2 sec”!
7-n coincidences
ECM = 40 GeV
x, = 0.2 X, = 0.2
4p, = 2 GeV/e } for neutrons
Ap, = 0.1 GeV/c
neutron p,
4 [GeV/c] -
pions py
[GeV/c]
0.2 1200 1600 1360 920
0.4 620 © 820 720 470
- 0.6 200 250 230 10
0.8 30 o 30 20
\\\\ neutron p;
~ [ﬁeV/c]
negative 0.2 0.4 0.6 0.8
pions p,
[GeV/c]
0.2 1200 1600 1360 960
0.4 1200 1600 1400 960
0.6 530 670 580 400
0.8 90 ~ - 120 . - 90 70




Table TIb

Estimation of counting rates | h™t | for L = 2x10°° em 2 see”?
m-p - coincidences
ECN = 4O GeV
xp = 0.2 X, = 0.2
protons p;
[GeV/c}
positive
[GeV/c]
0.2 1530 1000 510 110
0.4 780 520 260 60
0.6 250 160 80 2N
0.6. 4o .20 10 3
protone p,
[Ge\-’/c]
negative 0.2 0.4 0.6 0.8
pions p.
[GeV/c]
0.2 1530 2000 1370 350
0.4 780 icho 700 180
0.6 250 320 220 60
0.8 40 50 30 10




- 12 -

Estimation of counting rates | h™ | for L = 2x10°° cm™2 sec™?
mp - coincidences
ECM = 40 GeV
p 4 = 0.2 0.
p 5
\ proton pg
1
positive [cev/c] 0.2 0.4 0.6 0.8
pion p,
[GeV/c]
0.2 120 80 4o ]
Cc.4 120 2o 40 9
0.6 50 30 15 4
0.8 20 15 7 2
proton p;
negative \!_Gev./c; 0.2 o.4 0.6 c.8
pion p,
[GeV/c]
0.2 120 80 Lo 9
0.4 150 100 50 12
C.5 60 4o 20 5
0.8 25 15 9 2




Table I1d

Estimation of counting rates | h™* | for 1L = 2x10°9 cm™? sec”!
® - n coincidences
ECM = 4O GeV
X, = 0.2 X, = 0.5
bp; =2 GeV/e } for neutrcn
Ap; = 0.1 GeV/e
neutron p;
‘s GeV/c]
positive
pion p; 0.2 0.4 0.6 0.8
[GeV/c]
0.2 95 125 105 7
0.4 100 130 110 75
0.6 Lo 50 45 30
0.8° i5 25 20 15
neutren py
negative CeV/c] 0.2 0.4 0.6 0.8
picn py
[Gev/c] \\\\\\\
0.2 95 125 105 70
0.4 120 160 135 a5
0.6 50 65 55 35
0.8 20 25 25 i5
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Table IITa

Estimation of counting rates | h™? | for L = 2x10°° em™? sec”?!

-7 ccincidences

ECM = 4O GeV
X, = 0.2 X = 0.2
positive
pion py
[cev/e]
pOSitiVe 0.2 Oo"' 0.6 008
pion p,
[GeV/'c]
0.2 11200 5700 1800 270
0.4 5700 2930 920 140
0.6 1800 920 290 4o
0.8 270 140 4o 6
e )
positive
pion p;
GeV/c]
negative [ 0.2 0.’4 0.6 0.8
pion p,
[Gev/c]
0.2 11200 5700 1800 270
0.4 11400 5800 1850 280
0.6 4800 2460 780 110
0.8 800 410 130 . 20
negative
picns p,
GeV/z]
pions p,
[cev/e]
0.2 11200 11400 4800 810
0.4 11400 11700 4900 830
0.5 4800 4900 2070 350
0.8 800 830 350 60
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Table IITIb

Estimation of counting rates [ h™> | for L = 2x10°0 ™2
w1 coincidences
E = 4O GeV
CH
X, = 0.5 = 0.5
positive
pions py
positive Gev/el 0.2 0.4 0.6 0.8
pions p;
lGev/c]
0.2 65 70 25 10
0.4 70 70 30 15
0.6 25 20 i0 5
0.8 10 15 5 3
positive
pions p, -
~ T
negative “iev/e] 0.2 0.4 0.6 0.8
pions p,
lGev/e]
0.2 65 70 25 10
'O.U 85 90 35 15
0.6 35 3 15 7
0.8 15 15 6 3
negative
pions p;
negative feev/el 0.2 0.4 0.6 0.8
pions p.
[Gev/c]
0.2 65 85 35 15
0.4 85 115 45 20
0.6 35 45 20 8
0.8 15 20 8 3
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MISSING MASS

ECM =30 GeV
M3=M,=0935 GeV

Pi3 =Py, =0 GeV

—o-p,= 3GeV —o-p, = 3CeV

~e-p = 7GeV —o-p; = 7GeV

—&-p,=11GeV —o-p; =11 GeV
same direction opposite

T .

]



[GeV]

104

0
(n
&)

MASS
Ey =50 GeV
M, =M, = 0838 GeV
Pi3 =Py, =0 GeV

—e-p, = 3GeV -o-p, = 3CaY
—8-p, = 7GeV -8-p, = 7G:V
- ¢-p,=11GeV -o-p, =11 CGeV

same direction opposite

res

7 8 9 10 p,[Gev]
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