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AESTkACT 

Recent exp&imental data from NAL 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 activipmj was sparked by the striking experimental 
results of three groups, at the ISR. reported at the Batavia Con- 
ference last year. They found that the pion production invariant 
croes section, which fell as eap( -6p ) for pI.K 1 GeV/c. was many 
orders of magnitude above this funct ! on if extrapplated to pi of sev: 
cral CieV/c. Since that time, these groups from the ISR have 
reported new results and there is also new data from a group at NAL. 
This review wiil cover the data of theae groups in order of increas - 
ing momentum transfer and/or increaeing energy. Flnally there 
will be some discussion4 and interpretation of the data. 

;. PHOTON AND HADRON PRODUCTION 
AT LARGE TRANSVERSE MOMENTUM 

1.i ‘.The NAL photon experlment5. covers the energy range from 
50 to 400 oev. They have studied the reaction p + p - y + “Anj - 
thingi’ for gamma production at fired angIea in the laboratory. 
Fi&re 1 shows a schematic of the layout of,their experiment. 
The circulating proton beam in the NAL accelerator performs mul,- 
tiple traversald 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. Figure 2 is a schematic 
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Fig. i. Layout of the apparatus in the Internal Target, LaboratorJ at 
NAL to study photon production in proton-proton collisions., 
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Fig. 2. Schematic of the photon detection apparatw. 

of the apparatus. Tbe solid angle of acceptance is 9.5asr. ‘Ibe iead 
converter is i .i ,radiation lengths and the lead glass counter bad aa 
effective length of 14 radiation lengths. The photon data are taken 
with a I-. 2. 3.4 trigger. 

The events were divided into 25 CieV incident prOto &r~ bt.aa. 
A cut oa the pulse height ia trigger counter 2 required that avalxta 
have a doubly ionizing or greater pulse height. An exam+ -#the 



pulaq height distribution of the lead glass counter is shown in Fig. 3 
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Fig. 3: Single photon inclusive cross section do/dndk versus tranr, - 
verse momentum for 50, 100; and 375 GeV incident protons.. 

for proton energies of 50, 100, and 375 GeV. They ha&e obtained data 
to a p between 3 and 4 GeV/c at each of 14 energies at each angle. 
Taeoi .’ served ph’oton spectra were fitted with a function of the form 



& = ‘A qil -EIpI 
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Figure 4 shows the results forB and C as a function of incident pro- 
ton energy. There Le excellent agreement between the hydrogen and 
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Fig. 4. Values bf the parameters B and C foi the photon crose 
sections. The circlea and squares are for the hydrogen and car- 
bon target data respectively. 

carbon target data. The invariant inclusive no crow section has 
been obtained from’the~e photon data. A fit to the v” 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> = 5.59ti.i. 
The C parameter, on the other hand, starts out at zero then 

increases sharply between.50 and 125 GeV and’varies rother slowly 
with further increase in energy. The importance of the C param- 
eter is that it represents the deviation rP,om ti pure exponential pl 
distribution for the woea section. 
by measurements at other anglee,6 

If indeed this resplt is confirm@ 
which are currently ‘being ana - 

lyzed, then this is an extremely interesting conclusion. It ie con- 
ceivable that the observed transition energy of about 100 GeV has 
something to do with the energy ecale associated with the rising 
proton proton total cr6ss section. The expression 
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where E is the laboratory energy in GeV and 6 is in millibarns rep- 
produces the observed cross section from Serpukhov energies to the 
peak energy of the’ISR. A possible comection of these two phenom- 
eaa, that have an apparent energy scale of about 100 GeV, is of 
great importance. OI even greater significance is the underlying 
origin of this new energy ec@e. 

1.2 The British-Scandinavian collaboration’ have recently pres - 
ented results on 

a) the inclusive production of all charged 
particlea’at 90’ and !9.4’, 

b) particle ratios a? a hmctiop Of pl . 
Figure 5 showi the layout of the apparatus for the study of a) above. 
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Fig. 5. Layout of the British-Scandinavian spectromete; at the ISR 
for the study of particle productim!at high transverse momentum. 

The momentum of paticles traversing the spectrometer is deter- 
mined twice by deflection in the magneis Mi and Mt. A trigger is 
formed by the coincidence of th& three scintillation counter hodo- 
scopes Hi, Hi?. .H3. The information from sfx spark chambers 
allows the path of’the particle to be reconstructed and the particle 
momentum is obtained. 

The resulting invariant cross sectionti E d30/dp3 for the inclu- 
sive production of positive an+ negative particles are shown in’ 
Fig. 6’. The data are well represented aS before by a. function of 
the form: 
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Pig. 6. Inclusive cfharge particle 
spectra at 90’ in the center Of mass 
for 6 = 44 and 53 GeV. 

In the study of particle ratios, the spectrometer was modified 
to that shown in Pig.’ 8. The change was to remove,one magnet an 
add two gas Cerenkov counters. Preliminary values for the partic 
ratio are presented in Pig. ‘9. The data show the striking feature 
that at 2 5 pI (GeV/cl 5 3.5, it is almost as frequent to find a hea\ 
secondary as a pion. This has to be contrasted to ,what is found’at 
low pi values, where pions dominate over heavy particles by a rat: 
close to 10. , 

Antideuteron production has been observed by the B.S. collnbc 
ration for the first time at the ISR. In the range’0.6 .zZ pl(GeV/c) 
5 1 .O. The invariant cross section can be parametrized as 

Ed30tdp3 =Ae 
-BP~ : Cp12 

~- 

Little energy dependence i! 
observed. This is probabl 
due to the small range,, 44 
C & C, 53, in center;of- 
ri~ass energy. 

We notice that the pro- 
duction of positive,particle 
is larger than that of nega 
tive particles at medium p1 
even though at small pl 

c(<< 1 ,GeV/c) they are ap- 
proximately the same.. 

Similar resulta at an 
angle of 59.4’ are shown ir 
Fig. .7. A.n interesting as 
pect of these data is that th 
cross section, at 3 to 4 
GeVlC transverse.momen- 
turn,. is the same at.90’ an 
59.4 . This corresponds t 
a range in x (2 p,,/JiTl ,of 
about 0 to 0.1: .Thus the 
well-known central plateau 
at low pl appears to eiist a 
medium pl over at leirst th 
same and possibly larger 
range of *. ‘It appear* to t 
more appropriate (asat 10, 
p 1 to describe the large p- 
plateau in terms of rapfdit: 
pr equivalently, the center 
of -mess angle _ 
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Fig. 7. lticlusive charge particle spectra & 59.4’ in the center of 
mass for 6 = 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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dp3 
=Ae , 

where A,= 1.33io.12 nb- c3/GeV2 
B = 2.7ii.i (CleV/cl-i. 

For comparison, they give the 
following ratios in the above mo - 
mentum interval 

Ed% - 
I 

-$$ = (i.2~0.4,xlO’. 

dp3 
2 

. 

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

o deuteron 
o antideuteron 

= 3.5i1.5. * 

. 
I.3 The Saclay-Strasbourg (S. S. 1 group*have obtained datg for 

both gamma-ray and charged-particle production. Figure 10 shows 
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Fig. 10. Experimental layout otthe Saclay-Strasbourg spectrom-. 
eter at the ISR ‘to study large trarisverse 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 requi,red. This is 
achieved in the trigger logic by requiring an output pulse from the 
Cerenkov counter. 

Figure ii shows the pion invariant cross’ section out to ‘about a 
pl of 5 GeV/c.. The exponential decrease has slowed downdramati- 
tally. In fact, for 3.5 s pI s 5 GeV/c the lope is 2.4M.4 (~eV/c)-* 
in sharp contrast with the slope 6(GeV/c) -f of the same spectrum 
below 1 GeV/c. Figure 12 shows the behavior of the invariant 
cross section at various pl, 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 il is increased, the 
dependence on 6 is increased. To improve the statistical pre- 
cision at the largest pi the quantity 

don+ don- 
dpldR 

c- dp 1 dpld? 1 

is plotted in Fig. 13. These data confirm the strong dependence 
of the cross section at large fired pI on the center-of-mass energy. 
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Fig. ii. Charged pion dtstributioa at large pi: 
. 

I.4 The CERN, Columbia, Rockefeller callaboratioa! h&e .s,ub - 
mitted to. thie Conference fit r&ults oa inclusive vo produCti at 
large transverse, momentum from proton-proton co+sione at,the 
ISR. It should be noted that all previous results reported by this 
group were for semi-inch&e c+osS sections. 

Figure i4 shows a schematic of the’ apparatus ‘ivhicg consisted 
of two identical. spectrometers cn the inner and outer sides of the 
Colliding proton beams. ,Each spectrometer consisted ,of tea planes 
of wire spark chambers; fo& sets of scintillation counted 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 counte:s 14.8 
radiation lengths thick. ‘The A and B hddoscopes were used ‘0: 
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Fig. 13. Integrated pion yield 
3.2 r: pl c 5.2 GeV/c St 90’ as a 
function of center-of-mass, 
energy. 

triggering. The Z counters were used to measure ionization loss 
and the ST counters were used for calibrations purposes. For the 
data at & = 44.8 and 52.7 GeV; ,there was a 0.17-cm thick sheet of 

1 lead immediately preceding the Z counters of the inside spectrom - 
eter. 

Independent of the spectrometers ,. there Were two 1 m2 ecintil- 
lation .counters. Zt and X2, centered arouad.the downstream ISR 
vacuum pipes at a distance of 5.65~1 from the intersection region. 
The cdincidencd. ZtZ2 selected an almost pure .sample of beam - 

‘beam collision events. 
Two triggers were used in taking the data. When the lead sheet 

was in place’ the logic required a Zt Z2. coincidence. Otherwise, 
the logic required the presence.of either a XtZ2 coincidence or a 
coincidence between an A and B counter on the one side. An addi - 
ttonal requirement in each trigger was a certain energy loss in both 
arrays of lead glass in one of the Spectrometers.’ 

Tv+o methods were used to analyze the inside spectrometer data 
that whe taken with the lead sheet in place., In the first approach 
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only those events were selected, where, at least one photon was 
converted in the lead. The second method of analysta 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 
CtZ2 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: I) events with Z1C2 and a track; 2) events 
with Et22 and no track; 3) events with no CtZ2 and a track. It was 
assumed that the observatiod’of a track at large angles was inde- 
pendent of the presence of the RfZ2 coincidsace. This aSSumptiOn 
allowed the estimation of the size of the undetected class of high pL 
events, in which there was no ZtZ2 coincidence or track. This 
correction was less than 50% at a31 energies and did not depend, on 
pl. For the data taken with the’CtE2 trigger the dorrections were 
slightly larger and pl dependent. There was reasonable agreement 
in these two methods of analysis., 

Figure 15 shows the invariant v O 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 

&,A.i 
dp3 pin 

F (p,/G). 

where 

and 
where 

A’ =‘(I .54&.1,) x 10 
-26 

n = g.24M.05, 

Because of systematic errors the data is consistent with n = 8. 
A plot oI~the function F(p /fi) is shown in Fig. t6. This fit to 

the data leads to eventual SC z&i. mg of the cross section at fixed pI 
for large enough 8. To see this explicitly! Rig. 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 lSR energies the pl = 5 GeV/c 
and 10 GeV/c are respectively about a factor of IO and lo0 from 
their energy scaling limits. It appears that scaling is reached to a 
fair approximation even out at’ a pI = 25 GeV/c with a t -TeV stor- 
age ring. Furthermore, since cross sections of lO-36 were meas-, 
ured with ISR luminosities 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 ISR. 



J1 , .., , . , :, , ,‘. , , , , r 

-Ill aks SEcrlW b 
tl-‘r FOR pi- m*.*NYr- 

K 
A ‘~ TRAYSVERSE YIEWW 

0 

. 

5 

-6 ‘_ .f 
L m= 1. \ 

I 0.. 0 $2.‘ 
+t *‘:. 

t. If1 I. 
k 
* 

Y 

lo-* 

.:I 

* 

.,-s 

: 1. 
Y 1 I 2 3 L .s. e , * * 

r, CNI 
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invariant cross section at five center-of-mass energies. The 
errors are statistical only. 

I!. LEPTON PRODUCTION AT LARGE TRANSVERSE iUOifE’&~M 

II.1 The CCR group also reported to.this conference final 
resblts on their single and electron patr search. Single electrons 
of large transverse momentum would be expected from the decays 
of charged intermediate bosons, heavy leptons, or !checmed” 
particles. EIlectron pairs may arise from the production of time- 
like virtual photons, in proton-proton collisions, as well as from 
the decay of \Ko%, 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 v” experiment. 
The data for all experiments were recorded simultaneously. 
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Fig. 16. The function FtpI/&) = pTE(d30/dp3), as deduced from 
‘the measurements, using the best fit value n 4 g .24. The errors 
-are statisti&l only. 

‘The EMSS sections for single electron events are shown tn 
Fig: 18 for the two spectrometers. For comparison, the observed 
rP 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 no within a single glase block is 
responsible for most, if not all, of the observcd.events. Hence, 
the cross sections are upper limits on the spectra of real electrons. 

The electron-pair:analysis yielded five events in which two 
tracks, on opposite sides of the apparatus, were found to sattsfy 
the electron requtrements. A study of background effects from 
+Pna pairs simulating electron pairs gave an expected number of 
4.63~0.5 consistent with zero pair signal. 

The relationship between nondetection of electrons or electron 
pairs and aa upper bound on the production of a massive parent 
state requires assumptions concerning the production and decay of 
the parent. Curve~l of Fig. 19,shows the upper limtt of the.cross 
section for ckarged intermediate boson production obtained under 
then following assumptions : 

. 
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Kg. 17. The transverse momentum dependence of the w” inclusive 
inYariant 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 Ynn. 

2) The decay distribution is assumed isotropic. 
3) The observed upper limit single electron spectra of FS 

f 
. 18 

have been taken as an upper limtt for~masses below 15 GeV/c and 
95% confidencelevel has been taken for masses above 15 GeV/c2 by 
the nonobservation of three events within a.resolution bin. 

For comparison purpose* ,_ 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 44 and 20 GeV/c’. 
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Similar comparisons of the electron pair upper limit cross 
. sections are made with models. 
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III. GENERAL CONSJDEFUTIONS 

111.1 General Form of the Cross Section 

Observation of appreciable cross sectiotq at large momentum 
transfer did not come as a complete surprise!iO’l* It ii clear that 
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electromagnetic ipttiiactions should produce pions at large pI , and 
ip view of the SLAC results on deep inelastic electron scatt&ing, 12 
the pion yields should be expected to.eventually drop with increasing 
pl as an.inverse power only and nothing like the exponential depend- 
ence.seen for pl 5 1 GeV/c. Pion production through the electro- 
magnetic interactlon could then be expected to become competitive 
with that resulting fi’om purely hadronic phenomena at pI Is about 
5 GeV/c. M between i and 5 &V/c there is nevertheless room for 
new poss+ilities to occur. 

‘he 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 frdm electromagnetic 
effects. Hence this new phenomenon is connected with lh& strong 
interaction of hadrons. It is clearly connected with very small disi 
tances inside the protoiiand hence is of fundamental importance to 
the nucleon structure. 

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

E d3ci 1 
= ,4 

dp3 Pi 

However, there is nothing to prevent us from multiplying this fur - 
ther.by extra powers of pl associated wit! form factors, say 

1. Trn2 ‘\“. 

The function F(pI/6, y) is a function o.f the dimensionless ratio 
PI/G and tlie rapidity, y. In analogy to the deep inelastic structure 
hmction fvW2; say) which shows a limiting behavior, it iti reason- 
able to expect that F(0.y) - finite limit.as 8 - m for fixed pI. Thus 
we expect the yield for lixed large pI tog scale eventually, but the 
more slowly the larger is pl . 

‘We therefore expect ,Tor the most general behavior of the cross 
section 

E$ =(;)nF($.Y) ‘. 

for pi >> any masses involved. say >> 1 GeV/c. Thus we expect 
an asymptotically scaling distribution that ,depends on an inverse 
power behavior of pl. This kind of asymptotic expression can hold 
independenuy of the details of any ,specific model be it parton or 
modified multiperipheral. 13 However, it is generally agreed, that 
to the ex-teit that ~the observed behavior reported by the CCR gro;$ 



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

III.2 Approach To An Energy Scaling Behavior 

The CCR &oup have parametrized their data in the form 

E d30 A 
- q 82 ea-pf-b p,/fi) 
dp3 pl . 

which leads to eventual energy scaling. However, it is possible to 
ar&et4 that the observed 6 dependence is due to dynamical effects 
associated with the apparent’point -like interactions which may not 
lead to eventual scging. &I the oiher hand, belated scaling is not 
“a priori” surprising. To illustrate this, Fig. 20, shows the plot of 
the m” fltted expression 

,- 
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Fig. 20. The function ,Fip /6) = pl*.’ E(d30/dp3) is shown as the 
solid curve versus fit a-- sth where Kh = 2~~. ,The data points are 
for antiproton production and have been normalized to the curve at 
the highest energy: In this case qh is the center-f-mass thresh- 
old energy f6r antiproton production. The dashed curve is a guide. 
to the eye through the antiproton data points. 
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E d30 
- =Aexpf-bpl/%) 

.dp13 

versus &/cm where &&s defined as the threshold .center-of- 
mass2energy for, the production of a given large fued pI, i. e. sth 
= 45 . In this way all no inclusive data lie on this universal ap- 
preach to an energ+ scaling limit. Shown on the curve are various 
limits attainable for different pi’s at ISR energies. 

It is well knoti 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 % dependence is most easily interpreted in terms of thresh- 
old effects. Plotted on Pig. 20-we show the available Fdata for the 
inclusive F Cross section at x = 0 and small pI’versus G/Kh where 
Kh is defined as the threshold energy for ~production. The F 
cross section at the highest s value has been arbitrarilynormalized 
to the curve. ‘It can be seen that the energy dependence of the in- ‘~ 
elusive data is quite similar to the up data. In addition, it suggests . 
that the F cross section may rise perhaps by another factor of two or 
so if the comparison has any meaning. This is in reasonable agree -’ 
ment with the fact that the pfp’ratio is about 2 and the proton cross 
section seems to be scaling already ‘at ISR energies. Similar corn - 
parisons with antideuterons would be inter.esting. .This comparison 
has not been intended to point out’any deep connection between inclu- 
sive v” production and 5 production but merely to emphasize that the 
observed strong s dependence of inclusive’pion production at large pI 
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. 

III.3 Charge E$fects 

At low pI (< 0.6 GeV/cl most secondaries are pions and there 
are as many n+ as u- produced at peak ISR energies. As, the mo- 
m&turn transfer is increased a positive excess appears. The 
Saclay-Strasbourg results shown in Fig. !2 indicate that the positive 
to negative yield for 2 < pI< 3.5 CeV./c,is about 1.5. Clearly i.n the 
kinematic limit of large pl the positive to negative yield goes to 
infinity. Much’more data at larger p1 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 modelt5 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. 
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III.4 particle Ratios 

Figure 9 shows fhe British-Scandinavian collaboration results 
for particle ratios in the range 1.4 < pi< 3.5 GsVlc; There is a 
rather dramatic effect as noted earlier in that the piotw’have lost the 
overwhelming majority that they enjoyed at low pl. Much more data- 
on particle ratios should shortly be available 6-0~ NAL and the 1%. 

In the meantime it is worth speculating on some possible 
behaviors of particle ratios at intermediate to large motientuin 
transfer. It is reason-able to assunie that the general form, 

E d$‘;(ei)NrFw( $, y) 1: _’ ” “. :’ 

which has been to&d to be applicable to pions will also bs’applicable 
for ka&s and.baryons., In these cases, howe;er, .it i.8 important at. 
intermediate momentuti transfers (say -< 4 &V/C) to attempt to..take 

natural attempt ir’this.directiontb ts 
Jn this way, we obt.ain for baryon 

produqtion:. . . 
Ed> -(,dkz rFJ”2Y “)‘. 

For,simplicity w,e take the same functional form of FB as found for 
pions at y .= 0, namely 

FB = AB exp -bN J~~~,vz.. *. 

We m’ay take AB/A, = i. as it does not affect the variatibn of the 
fraction of b&yons to pioqs as a function of momentum transfer. 

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

(i) On the general basis that the nucleon’ fokm fadtor goes, as 
i/t2 while the pion for& factor.is thought to go as I/t it is likely that 
NB 2 Nn. 

(ii) Also, on the general grinds that the approach to energy 
scaling for baryons is expected to be as slow or slower .than for pions 
it is likely that bN 2 b,. ,(Iti our previous discussion oi appioack to 
energy scaling behavior it appeared that bN 2 b,. 1. 

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

. 



‘. 

The increase in R up to the maximy at pl = 3 GeV/c is due entirely 
to‘the mass term’in (l/w) R. The fall off in R at pI > 3 ’ 
GeV/c is due to the assumption NR > N, or bK > b,. These two 
possibilities can be distinguished by a quite different dependence of 
R on center-of-mass energy, 6 as seen in Fig. 2t. 

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 PI,- 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.ertract the .general 
trends of the particle ratios. .atr main purpose in this discussion 
has been to emphasize the expected importance of kinematic effects. 

III.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 secondarytakes a good fraction of the center-of- 
mass energy, h w ich ‘is l’eft 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 appears that,a trigger on a large p secondary is a bias in favor 
of a large associated multiplicity. l4 e multiplicity excess appears,- 
to be located at’ similar rapidities. firthermore, 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 no with various pI(xI L 2pl/fi). F’igures 22 and 23 show the 
associated mean number of tracks in the case of the “jet” opposite 
the detected # and the “jet!’ in which the v” is detected. These 
results have to be compared with the rate observed for “typical” 
events defined in terms of a beam-beam interaction CiZ2 trigger. 
Typically there is a factor of about ty0 enhancement in the associ - 

. ated multiplicities for the case of the large p trigger. The curves 
in Figs. 22 and 23 are the results of hts to t t? e data by Ellis and 
Kislinger using a parton model? 5 It appears that the general features 
of the data are inherent in any simple parton model. The extent to 
which there are kinematic 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. 



a) NB > N,; bN = b,, 
b) NB = N,; bN > b, 
C) NB > N,; bN > b, 

then an interesting and rather general behavior of the ratio R is 
obtained, where 

Ed’30B/dp3 
R= 

‘Ed30,/dp3 

First, R will increaseas a function of pI out to about pI = 3 *V/c 
as observed by the British-Scandinavian collaboration. Beyond p 
= 3 GeV/c, however, R will then decrease as pI is increased fur tier. 
It is intriguing.that no ‘data exist beyond pI = 3 GeV/c to see the 
predicted maximum in R. 

Figure 21 shows possible behaviors of R for the two cases a) 
add b) above. The existence of a maximum in’R at about pl 0 3 
GeV/c is .not very sensitiv’e,tothe choice of parameters. 
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Rig. 2i., 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 NB 

.and bN at two different center-of-mass energies. 
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Fig. 22. The associated mean charged track multiplicity of the “jet” 
opposite the detected no as a function of rr” normalized transverse 
momentum. The curves are predictions of a parton model. 

S&w-al new experiments at the LSR, 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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Fig. 23. The associated mean charged track multiplicity of the .“jet” 
in the same direction as the detected no as .a function of rr0 nor- 
malized transverse momentum. The curves are predictions of a 
parton.model. 

I+. OTHER HADRON-INITIATED REACTIONS. 

The experimental study of large p 
‘b 

sekndaries initiated by inci - 
dent beams with different quantum num ers promises to be a rich 
tool to investigate the qualitative features of these phendmena. was. an 



example along these lines, the predictions are given in Table 1 of a 
quark parton model with vector gluon exchange. The expected par - 
title 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 transveree 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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Table I. Naive Limiting Charged Multiplicity Ratios (s - m . x non- 
wee, <e > << 4 )According to the Parton Model of Ref. t 5. 

Process 
< lT+,+ T -> <,+> <K+> <K+> <K”> < K++K% --- - - 

2<P> <n > <K% <K-> <p> < K -+K’> 

PP i 2( 2.4) a> 1 >> i a> I 

w i 1 >> 1 >>i >> i 

v+P i 5f6.b) >a 1 213 3t4.71 

ml i &&) 213 >>l 3f4.7) 

“P 1 ;($4l 4’13 >> i. 3(3.5) 

. v+n i 2t2.4) >> 1 413 3f3.5) 


