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ABSTRACT

Recent experimental data from NAI, and the ISR on
large transverse momentum single particle production in
proton proton collisions are reviewed. The approach to
energy scaling, particle ratios, and associated multi-
plicities, etc. are discussed.

INTRODUCTION

In the last year there has been a great deal of experimental and
theoretical activity in the field of large transverse momentum
phenomena. This activity was sparked by the striking experimental
results of three groups, -3 at the ISR, reported at the Batavia Con-
ference last year. . They found that the pion production invariant
cross section, which fell as exp (-6 Py) for p) <1 Ge V/e, was many
orders of magnitude above this function if e\n apolated to py of sev-
eral-GeV/c. Since that time, these groups (rom the ISR have
reported new results and thm'e is also new data from a group at NAL,
This review will cover the data of these groups in order of increas-
ing momentum transfer gmd/or increasing energy. IFinally there
will be some discussion™ and interpretation of the data.

I. - PHOTON AND HADRON PRODUCTION
AT LARGE TRANSVERSE MOMENTUM

1.1 ‘The NAL photon e.\perimcnt5 covers the energy range from
50 to 400 GeV. They have studied the reaction p'+ p vy + "Any-
thing" for gamma production at fixed angles in the laboratory.
Figure 1 shows a schematic of the layout of their experiment.
The circulating proton beam in the NAL, accelerator performs mul -
tiple traversals through a gas or carbon filament target during the
acceleration cycle. The data presented at this conference are for
gamma production at a laboratory angle of 100 mrad. Data for 80
and 120 mrad are currently being analyzed. Iigure 2 is a schematie
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Fig. 1. Layout of the apparatus in the Internal Target Laboratory at
NAL to study photon production in proton-proton collisions.
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Fig. 2. Schematic of the photon detection apparatus.

of the apparatus. The solid angle of acceptance is 9.5usr. The lead
converter is 1.1 radiation lengths and the lead glass counter had an
effective length of 14 radiation lengths. The photon data are taken
with a T. 2, 3.4 trigger.

The events were divided into 25 GeV incident proton energy bins.
A cut on the pulse height in trigger counter 2 required that events
have a doubly ionizing or greater pulse height. An example of the



pulse height distributibn of the lead glass counter is shown in Fig. 3
0
|ol P“'P"‘)"*‘X

| ’%;

(ARBITRARY UNITS)

do
dKd$§2

TRANSVERSE MOMENTUM
(GeVv/C)

Fig. 3. Single photon inclusive cross section do/d?dk versus trans -
verse momentum for 50, 100, and 375 GeV incident protons.

for proton energies of 50, 100, and 375 GeV. They have obtained data
to a p; between 3 and 4 (,eV/L at each of 14 energies at each angle.
The observed photon spectra were fitted with a function of the form

do
Y

L2
m = Aexp(-lipl —(,p‘l ).

Iligure 4 shows the results for-B and C as a function of incident pro-
ton energy. There is excellent agreement between the hydrogen and
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Fig. 4. Values of the parameters B and C for the photon cross
sections. The circles and squares arve for the hydrogen and car-
bon target data respectively.

carbon target data. The invariant inclusive w° cross section has

been obtained from these photon data. A fit to the n° cross section

with the same function as for the gamma data provides values for '

B and C within one standard deviation of the corresponding values

for the photon data.

The results show the well known energy independence of the B
parameter and the average value of B is given by

<B> =5.5940.1.

The C parameter, on the other hand, starts out at zero then
increases sharply between 50 and 125 GeV and varies rather slowly
with further increase in energy. The importance of the C param-
eter is that it represents the deviation from a pure exponential py
distribution for the cross section, 1f indeed this result is confirmed
by measurements at other un_qlcs,(’ which are currently being ana-
lyzed, then this is an extremely interesting conclusion. It is con-
ceivable that the observed transition energy of about 100 GeV has
something to do with the energy scale associated with the rising
proton proton total cross section. The expression
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100)’

o,, =38+ 0.68 log2 (
i
where E is the laboratory energy in GeV and o is in millibarns re-
produces the observed cross section from Serpukhov energies to the
peak energy of the ISR. A possible connection of these two phenom -
ena, that have an apparent energy scale of about 100 GeV, is of
great importance. Of even greater significance is the underlying
origin of this new energy scale.

1.2 The British-Scandinavian collaboration? have recently pres-
ented results on
a) the inclusive production of all charged
particles at 90° and 59.4°,
b) particle ratios as a function of p,.
Figure 5 shows the layout of the apparatus for the study of a) above.

sCr oo s2 M SC3 SCa M2 5C5 “6

Fig. 5. Layout of the British-Scandinavian spectrometer at the ISR
for the study of particle production at high transverse momentum.

The momentum of particles traversing the spectrometer is deter-
mined twice by deflection in the magnets M1 and M2. A trigger is
formed by the coincidence of the three scintillation counter hodo-
scopes H1, HZ2, H3. The information from six spark chambers
allows the path of the particle to be reconstructed and the particle
momentum is obtained. 3

The resulting invariant cross sections IXd c/dp3 for the inclu-
sive production of positive and negative particles are shown in
Fig. 6. The data are well represented as before by a function of
the form:

-sz

. ) -Bp 8

. k= Edsaldp3 =Ae 1

[ * positive .
Tay o negative Little energy dependence is

observed. This is probably

due to the small range, 44

<Afs < 53, in center-of-

$ mass energy.

% We notice that the pro-

t duction of positive particles
é is larger than that of nega -

tive particles at medium py

& even though at small Py
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(<< 1 GeV/c) they are ap-
§$ ) proximately the same.
3 Similar results at an
angle of 59.4° are shown in
IF'ig. 7. An interesling as -
pect of these data is that the
cross section, at 3 to 4
‘I GeV/c transverse momen -
tum, is the same at-90° and
\ 59.4°. This corresponds to

3

a range in x (2p;/Ns) of
about 0 to 0.1. Thus the
well -known central plateau
et e T - at low p, appears to exist at
o s 20 23 30 35 40 48 medium p, over at least the
LR same and possibly larger
range of x. It appears to be
Fig. 6. Inclusive charge particle more appropriate (as at low
spectra at 90° in the center of mass p,) to describe the large p;
for A5 = 44 and 53 GeV. pi’ateau in terms of rapidity,
: or equivalently, the center-
. of-mass angle,

In the study of particle ratios, the spectrometer was modified
to that shown in Iig. 8. The change was to remove one magnet and
add two gas Cerenkov counters. Preliminary values for the particle
ratio are presented in Fig. 9. The data show the striking feature
that at 2 = p, (GeV/e) = 3.5, it is almost as frequent to find a heavy
secondary as a pion. This has to be contrasted to what is found at
low p, values, where pions dominate over heavy particles by a ratio
close to 10.

Antideuteron production has been observed by the B.S. collabo-
ration for the first time at the ISR. In the range 0.6 & pl(GeV/c) )
51.0. The invariant cross section can be parametrized as

&
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Fig. 7. Inclusive charge particle spectra at 59.4° in the center of
mass for \s = 44 and 53 GeV.
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Fig. 8. Layout of the British-Scandinavian spectrometer at the ISR
for the study of particle composition at intermediate transverse

momentum,
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Fig. 9. Particle composition’ I'inally, deuteron production has
as a function of transverse mo- been observed and they give a cross
mentum, section production ratio of

o deuteron
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o antideuteron

8
1.3 The Saclay-Strasbourg (S.S.) group have obtained data for

"both gamma-ray and charged-particle production. Figure 10 shows
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Fig. 10. Experimental layout of the Saclay -Strasbourg spectrom -
eter at the ISR to study large transverse momentum particle
production.

the layout of the apparatus. Counter hodoscopes Hi, H2, and H3
were used to trigger on charged particles. Wire spark chambers
were used to reconstruct trajectories and thereby obtain particle
momenta. To measure cross sections above 2.8 GeV/c, a re-
jection against low transverse momentum is required. This is
achieved in the trigger logic by requiring an output pulse from the
Cerenkov counter.

Figure 11 shows the pion invariant cross section out to about a
p; of 5 GeV/c. The exponential decrease has slowed down dramati-
cally. In fact, for 3.5 < p; = 5 GeV/c the slope is 2.4+0.4 (Gev/e)-1
in sharp contrast with the slope (»((}cV/c)'1 of the same spectrum
below 1 GeV/c. Figure 12 shows the behavior of the invariant
cross section at various p;, with center-of-mass energy. The
total negative cross section is always less than the total positive
cross section. It should be observed that as p, is increased, the
dependence on Ns is increased. To improve the statistical pre-
cision at the largest p; the quantity

5.2 -

3 j [ dow b domw ] dp
Q Q2

2 32 dpld dp_l d 1

is plotted in Fig. 13. These data confirm the strong dependence
of the cross section at large fixed Py on the center-of-mass energy.
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Fig. 11. Charged pion distribution at large P -

1.4 The CERN, Columbia, Rockefeller collaboration9 have sub-
mitted to this Conference final results on inclusive n°© production at
large transverse momentum from proton-proton collisions at the
ISR. It should be noted that all previous results reported by this
group were for semi-inclusive cross sections.

Figure 14 shows a schematic of the apparatus which consisted
of two identical spectrometers on the inner and outer sides of the
colliding proton beams. BEach spectrometer consisted of ten planes
of wire spark chambers; four sets of scintillation counter hodoscopes:
A, B, Z, and ST; an array of 16 lead-glass counters, 3.1 radiation
lengths thick; and an array of 60 lead-glass shower counters 14.8
radiation lengths thick. The A and B hodoscopes were used for
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triggering. The Z counters were used to measure ionization loss - 5‘ lffl‘,x!‘ = -
and the ST counters were used for calibration purposes. I'or the 1 E»‘ i |
data at Ns = 44.8 and 52.7 GeV, there was a 0.17-cm thick sheet of - {E ’!:‘;x{i 1 1
lead immediately preceding the Z counters of the inside spectrom- i ;‘;';;!i | 1
eter. > I l!!'I:" | -

Independent of the spectrometers, there were two 1 m~ scintil- | [li!\'; Z A
lation counters, X4 and X,, centered around the downstream ISR B L 'ﬁﬁ& il 1
vacuum pipes at a distance of 5.65m from the intersection region, L B L]
The coincidence 2423 selected an almost pure sample of beam - \
beam collision events.

Two triggers were used in taking the data. When the lead sheet i "
was in place the logic required a 2122 coincidence. Otherwise, LEAD GLASS LERENKOV INTERSECTION
the logic required the presence of either a X X2 coincidence or a COUNTERS_ . REGION
coincidence between an A and B counter on the one side. An addi-
tional requirement in each trigger was a certain energy loss in both Fig. 14. Schematic of the CEI{N—Columbia-R.ockefeller apparatus at
arrays of lead glass in one of the spectrometers. the ISR.

Two methods were used to analyze the inside spectrometer data
that were taken with the lead sheet in place. In the first approach



only those events were selected, where, at least one photon was
converted in the lead. The second method of analysis that was ap-
plied to all the data used only the energy loss in the lead glass
counters.

To obtain inclusive cross sections it was necessary to know the

triggering bias that resulted from the requirement of either the
Z4X2 coincidence or the detection of at least one track coming from
the intersection region. This bias was deduced by dividing the data
into three categories: 1) events with X122 and a track; 2) events
with 122 and no track; 3) events with no 122 and a track. It was
assumed that the observation of a track at large angles was inde -
pendent of the presence of the X122 coincidence. This assumption
allowed the estimation of the size of the undetected class of high p
events, in which there was no 2122 coincidence or track. This
correction was less than 50% at all energies and did not depend on
p)- For the data taken with the X423 trigger the corrections were
slightly larger and p, dependent. There was reasonable agreement
in these two methods of analysis.

Figure 15 shows the invariant «° inclusive cross section as a
function of transverse momentum for different center -of-mass
energies.

An acceptable fit to the data for all energies can be made with-
the form .

Ed30 %! i
TR =A‘—)—n-}"(pl/\/s),
dp 1 :
where A = (1.5420.1)x 10~2°
¢ n = 8.24+0.05
and - F(py /N8) = exp(-bp, /Ns)
where b =26.10,5.

Because of systematic errors the data is consistent with n = 8,

A plot of the function F(p,/N5) is shown in Fig. 16. This fit to
the data leads to eventual scaling of the cross section at fixed Py
for large enough s. To see this explicitly, Fig. 17 shows the
extrapolated inclusive cross section at various center-of-mass
energies up to and beyond that corresponding to a 1 -TeV proton
storage ring. It can be seen that at ISR encrgies the p; =5 GeV/c
and 10 GeV/c are respectively about a factor of 10 and 100 from
their energy scaling limits. It appears that scaling is reached to a
fair approximation even out at a Py .25 GeV/c with a 1-TeV stor-
age ring. Furthermore, since cross sections of 10""’ were meas -
ured with ISR lununosities it appears that momentum transfers in
excess of 25 GeV/c canbe measured with1-TeV storage rings with
luminosities a thousand times that of the 1SR.
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Fig. 15. The transverse momentum dependence of the n° inclusive
invariant cross section at five center -of-mass energies. The
errors are statistical only.

1. LEPTON PRODUCTION AT LARGE TRANSVERSE MOMENTUN

1I.1 The CCR group also reported to this conference final
restlts on their single and electron pair search. Single electrons
of large transverse momentum would be expected from the decays
of charged intermediate bosons, heavy leptons, or '"charmed'
particles. Electron pairs may arise from the production of time-
like virtual photons, in proton-proton collisions, as well as from
the decay of WO's, heavy vector mesons, and Lee Wick heavy
photons.

The apparatus used was identical to that already described and
the triggers used were similar to those used in the ¥ experiment,
The data for all experiments were recorded simultaneously.




A SCALING OF THE INCLUSIVE n® CROSS SECTION
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Fig. 16. The function F(p, /\s) = pi‘E(d30/dp3), as deduced from
the measurements, using the best fit value n = 8.24. The errors
are statistical only.

The cross sections for single electron events are shown in
Fig. 18 for the two spectrometers. For comparison, the observed
70 spectrum is given. All spectra are parallel to one another. It
is estimated that the background due to the chance overlap of a
charged particle track and a «© within a single glass block is
responsible for most, if not all, of the observed events. llence,

the cross sections are upper limits on the spectra of real clectrons.

The electron-pair analysis yielded five events in which two
tracks, on opposite sides of the apparatus, were found to satisfy
the electron requirements. A study of background effects from
7010 pairs simulating electron pairs gave an expected number of
4.6+0.5 consistent with zero pair signal.

The relationship between nondetection of electrons or electron
pairs and an upper bound on the production of a massive parent
state requires assumptions concerning the production and decay of
the parent. Curve 1 of Fig. 19 shows the upper limit of the cross
section for charged intermediate boson production obtained under
the following assumptions:
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Fig. 17. The transverse momentum dependence of the n° inclusive
invariant cross section at various center-of-mass energies using
the CCR fitted function.

1) The W production distribution can be described by the parton-
antiparton annihilation model of Drell and Yan.

2) The decay distribution is assumed isotropic,

3) The observed upper limit single electron spectra of IMig. 18
have been taken as an upper limit for masses below 15 GeV/c2 and
95% confidence level has been taken for masses above 15 GeV/c2 by
the nonobservation of three events within a resolution bin.

For comparison purposes, curve 2 of Fig. 19 represents a pos-
sible lower bound prediction for charged W production based on the
Drell-Yan model and CVC arguments. Under the assumptions of
this model, it is possible to exclude the existence of charged W's
with masses between 14 and 20 GeV/c2, '
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Similar comparisons of the electron pair upper limit cross
sections are made with models.
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Iig. 19. Curve 1 is the cross section upper limit for charged inter -
mediate bosons. Curve 2 is a possible lower bound prediction for
charged intermediate boson production.

1II. GENERAL CONSIDERATIONS
III.4 General Form of the Cross Section

Observation of appreciable cross sections at large momentum
transfer did not come as a complete surprise!io'“ It is clear that



electromagnetic interactions should produce pions at large p,, and
in view of the SLAC results on deep inelastic electron scattering, 12
the pion yields should be expected to eventually drop with increasing
p, as an inverse power only and nothing like the exponential depend-
ence seen for p, £ 1 GeV/c. Pion production through the electro -
magnetic interaction could then be expected to become competitive
with that resulting from purely hadronic phenomena at p,'s about

5 GeV/c. In between 1 and 5 GeV/c there is nevertheless room for
new possibilities to occur.

The striking results of all the experiments is that the pion yields
at say 2 2 GeV/c are much larger than expected on the basis of
extrapolating the exponential behavior found at < 1 GeV/c. The
yield is very much larger than calculated from electromagnetic
effects. Hence this new phenomenon is connected with the strong
interaction of hadrons. It is clearly connected with very small dis -
tances inside the proton and hence is of fundamental importance to
the nucleon structure.

For purely dimensional reasons we can express the invariant
pion inclusive cross section for large p, in the form

. P
do 1 af =l
E—3 iy l«(—r-—\s,y).
dp~  p,

However, there is nothing to prevent us from multiplying this fur-
ther by extra powers of P, associated with form factors, say
m? 3
m2 -p . .
iy =i ]
The function F(p s, y) is a function of the dimensionless ratio
p; /NS and the rapidity, y. In analogy to the deep inelastic structure
tunction (vWZ, say) which shows a limiting behavior, it is reason-
able to expect that F(0,y) - finite limit-as s - @ for fixed P Thus
we expect the yield for fixed large p, to scale eventually, but the
more slowly the larger is p,. '
"We therefore expect for the most general behavior of the cross
section
Py

3 n

do 1 F

E — :(—) (7=-. y)
dp3 Py N's

for p. >> any masses involved, say >> 1 GeV/c. Thus we expect
an asymptotically scaling distribution that depends on an inverse
power behavior of p, . This kind of asymptotic expression can hold
independently of the details of any specific model be it parton or
modified multiperipheral. 13 pHowever, it is generally agreed, that
to the extent that the observed behavior reported by the CCR group

is described by an inverse power in pi(pi '8) rather than an expo-
nential dependence, there is some elementary particle (rather than
Reggeon) exchange, or other point-like effect present.

11I.2 Approach To An Energy Scaling Behavior
The CCR group have parametrized their data in the form

. d o A
1',—3- T3 exp(-bpl/’\/g)
dp P,

which leads to eventual energy scaling. However, it is possible to
argue !4 that the observed s dependence is due to dynamical effects
associated with the apparent point-like interactions which may not
lead to eventual scaling. On the other hand, belated scaling is not
"a priori" surprising. To illustrate this, Fig. 20 shows the plot of
the 7° fitted expression
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: "APPROACH TO SCALING BEHAVIOUR
pl8.2 [Ed3 O'/dp?)}
i pat ISR 7
dat ISR « 1.,

p =3 Gev at ISR

|

pl=6 Gev at ISR

ARBITRARY UNITS

¢ ANTIPROTON DATA |
AT X=0 P,=065 Gevlc

/ pl= 8 GeV at ISR
él L1l [ | 1 L1 1
10 1000

VSA/Sh

Fig. 20. The function F(p, /N3) = p,32 (a>s/dp3) is shown as the
solid curve versus N's /NSy, where Nsy, = 2p,. The data points are
for antiproton production and have been normalized to the curve at
the highest energy. In this case N'syy is the center-of-mass thresh-
old energy for antiproton production. The dashed curve is a guide
to the eye through the antiproton data points.
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versus Ns/Nsy, where N5y, is defined as the threshold center-of-
masszenergy for the production of a given large fixed p,, i.e. Sih

=4p “. In this way all n° inclusive data lie on this universal ap-

proach to an energy scaling limit. Shown on the curve are various
limits attainable for different p,'s at ISR energies.

It is well known that the p cross section in the central region at
the ISR has increased by a factor of 20 or so from 30 GeV. It is
expected that the p cross section will eventually scale and that the
present s dependence is most easily interpreted in terms of thresh-
old effects. Plotted on Fig. 20 we show the available [ data for the
inclusive p cross section at x = 0 and small p, versus Ns/+Sy;, where
N5tp is defined as the threshold energy for {p production. The ¥
cross section at the highest s value has been arbitrarily normalized
to the curve. It can be seen that the energy dependence of the in-
clusive data is quite similar to the p data. In addition, it suggests
that the p cross section may rise perhaps by another factor of two or
so0 if the comparison has any meaning. This is in reasonable agree-
ment with the fact that the p/p ratio is about 2 and the proton cross
section seems to be scaling already at ISR energics. Similar com-
parisons with antideuterons would be interesting. This comparison
has not been intended to point out any deep connection between inclu-
sive 1© production and § production but merely to emphasize that the
observed strong s dependence of inclusive pion production at lavge Py
is very likely to a large extent a threshold or kinematic effect. We
certainly cannot rule out competing dynamical effects but it is going
to be extremely difficult to demonstrate their presence.

111.3 Charge Lffects

At low p, (< 0.6 GeV/c) most secondaries are pions and there
are as many wt as v~ produced at peak ISR energies. As the mo-
mentum transfer is increased a positive excess appears. The
Saclay -Strasbourg results shown in Mg, 12 indicate that the positive
to negative yield for 2 < P < 3.5GeV/cis about 1.5. Clearly in the
kinematic limit of large p, the positive to negative yield goes to
infinity. Much more data at larger p; and over a range of s is
required to begin to sort out the meaning of the excess positive to
negative yield.

It is interesting that the quark parton model!® leads to a positive
to negative yield of about 2 in the scaling limit. This is related to
the ratio of u to d quarks in the proton.

I11.4 Particle Ratios

Figure 9 shows the British-Scandinavian collaboration results
for particle ratios in the range 1.4<p, < 3.5 GeV/c. There is a
rather dramatic effect as noted earlier in that the pions have lost the
overwhelming majority that they enjoyed at low p;. Much more data
on particle ratios should shortly be available from NAL and the ISR,

In the meantime it is worth speculating on some possible
behaviors of particle ratios at intermediate to large momentum
transfer. It is reasonable to assume that the general form,

3 N
Ed a. K T,F (pl )
3 _(pj) VsV

dp

which has been found to be applicable to pions will also be applicable
for kaons and baryons. In these cases, however, it is important at
intermediate momentum transfers (say $ 4 GeV/e) to attempt to take
into account mags effects. A natural attempt in this direction 10 is
to substitute pf+ m for py. In this way, we obtain for baryon
production: g >
3 N
d o B p, +M
PR L 3 T T el LR

! B
dp3 ’pl + MBZ Ns

For simplicity we take the same functional form of I'y as found for
pions aty =0, namely *

2 2
FL = Ap exp -bN ’pl + My INs .

We may take A_/A =1 as it does not affect the variation of the
fraction of baryons to pions as a function of momentum transfer.

For fixed center-of-mass energy there are therefore two param-
eters N3 and by (we know N =8 and b = 26) which control the
fraction of baryons to pions as a function of P - We may spectulate
on possible ranges of values of these two parameters:

(i) On the general basis that the nucleon form factor goes as
1/t2 while the pion form factor is thought to go as 1/t it is likely that
NB ‘2. Nie

(ii) Also, on the general grounds that the approach to energy
scaling for baryons is expected to be as slow or slower than for pions
it is likely that by = by, (In our previous discussion of approach to
energy scaling behavior it appeared that by = bye)»

As a result, if any one of the following three conditions is
satisfied: :




a) Ng > Np; by =b,
b) Np = N“.; bN> b“_
C) NB > N-n-,' bN> bTT
then an interesting and rather general behavior of the ratio R is
obtained, where

3
Ed3a /dp
B
R = —3 3
1d U"/(lp
First, R will increase as a function of p, out to about p, = 3 GeV/c

as observed by the British-Scandinavian collaboration. ” Beyond p

=3 GeV/c, however, R will then decrease as p, is increased l'urt&nox‘.

It is intriguing that no data exist beyond p; = 3 GeV/c to see the
predicted maximum in R.

Figure 21 shows possible behaviors of R for the two cases a)
and b) above. The existence of a maximum in R at about p, = 3
GeV/c is not very sensitive to the choice of parameters.

05 1 T T T T T TA T T
04+
‘R O.S-A
(NUCLEON)
PION /ool
Ol
0 2 -4 6 8 10

TRANSVERSE MOMENTUM (GeVt)

Fig. 24. The predicted general form of the baryon to pion ratio of
inclusive cross sections at large momentum transfer. The dif-
ferent curves are for two different values of the parameters Ny
and by at two different center-of-mass energies.

The increase in R up to the ma\lmuﬁl atp, = 3 GeV/c is due entirely
to the mass term in (1/'\/;)l t KFZ 3 The fall off in R at P, > 3
GeV/e is due to the assumption NH > Nyor by > b, These two
possibilities can be distinguished by a qmte d\fferent dependence of
R on center-of-mass energy, Ns, as seen in Fig. 21.

Similar remarks can be made about the kaon to pion ratio as a
function of transverse momentum. In this case the maximum in the
ratio occurs at py ~1.5 to 2 GeV/c, It will be extremely interesting
to see if these general expectations are confirmed by measurements
in the very near future,

We need to accumulate a body of data at various p, and over as
wide a range of energy as possible to begin to extract the general
trends of the particle ratios. Our main purpose in this discussion
has been to emphasize the expected importance of kinematic effects.

[11.5 Associated Multiplicity

Triggering on a large transverse momentum secondary, one may
measure the associated multiplicity within a neighboring region of
phase space and compare it to the average value., Since the produc-
tion of a large p, sccondary takes a good fraction of the center -of-
mass energy, wl’nuh is left over by leading particle effects, one
would think that such a configuration would have to be associated
with a relatively low mean multiplicity. The opposite result occurs.
It appcars that a trigger on a large p secondary is a bias in favor
of a large associated multiplicity. The multiplicity excess appears-
to be located at similar rapidities. l\u thermore, there is evidence
that the multiplicity not only exceeds average in the direction of the
detected particle, but also in the direction opposite. So far the data
is very limited, However, the CCR collaboration have reported the
number of charged tracks within limited solid angles associated with
a ¥ with various ppx; = 2p, /NS). Figures 22 and 23 show the
associated mean number of tracks in the case of the. "jet" opposite
the detected #2 and the "jet" in which the n® is detected. These
results have to be compared with the rate observed for "typical"
events defined in terms of a beam-beam interaction X422 trigger.
Typically there is a factor of about two enhancement in the associ-
ated multiplicities for the case of the large p, trigger. The curves
in IYigs. 22 and 23 are the I(‘\llltb of fits to the data by Ellis and
Kislinger using a parton model; 151 appears that the general features
of the data are inherent in any simple parton model. The extent to
which there are kKinematic correlations which could, independently of
parton effects, produce these results is not clear. However, it
seems unlikely that Kinematics alone could account for these large
effects observed in the associated multiplicities.
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Fig. 22. The associated mean charged track multiplicity ol the "jet"
opposite the detected n° as a function of ¥ normalized transverse
momentum. The curves are predictions of a parton model,

Several new experiments at the ISR, by the new SS-CCR setup,
the streamer chamber and the split field magnet program should
shed light on the question of associated multiplicities.
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Iig. 23. The associated mean charged track multiplicity of the "jet"
in the same direction as the detected n° as a function of 7° nor-
malized transverse momentum. The curves are predictions of a
parton model,

1V. OTHER HADRON-INITIATED REACTIONS
The experimental study of large p, secondaries initiated by inci-

dent beams with different quantum numbers promises to be a rich
tool to investigate the qualitative features of these phenomena. As an



example along these lines, the predictions are given in Table I of a
quark parton model with vector gluon exchange. The expected par -
ticle ratios are given for some different projectiles and target
combinations. The production of very intense pion beams and a pro-
gram to begin to study these possibilities is under consideration at
NAL at this time,

CONCLUSIONS

A totally new field in hadron physics has opened up within the
last year in the study of large transverse momentum phenomena.
We are certainly not in a dull asymptotic energy domain but rather
in a region where there are rapid energy dependencies and where
there are qualitatively new features appearing., It is likely that
there are further surprises in store for the second generation of
experiments in this developing field. -Although a very high energy
proton storage ring, of even modest luminosity, would clarify the
existence of jets and their properties, the use of secondary beams
at several hundred GeV may also provide an important qualitative
handle in this study.
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< hw > <ot> <k'>  <kT>  <Kk®> <kt4K>
Process e = — -
2 O3 <n > <K% <K™> <K% <K +K°%>
pp 1 2(2.4) >>1 >>1 >> 1
pn 1 1 >> 1 >>1 >>1
w'p 1 5(6.6) >>1 2/3 3(4.7)
11
= Lo >> 3(4.
™ 1 5 (6.6) 2/3 1 (4.7)
- 1 1 :
o (L >>1 3
T p 1 5 (2.4) 4/3 3(3.5)
_—_ 1 2(2.4) >>1  4/3 3(3.5)




