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During the last few years a very large amount of information
concerning two-body processes was accunulated, and adeguate techniques to
analyse higl. energy interactions in terms of two-body processes were
developed, The case of many-body processcs does not look so clean and nice,
Our knowledge of what is rcally happening, when in the result of collision of
two particles at accelerator encrgy, several sccondary particles arc produced,

is very limited,

The aim of this report is to present a few cxamples of the
approach to the problem of the analysis of high multiplicity events, based
mainly on the results of the study of pilen-proton interaction in the range

4 to 10 GeV/e,

The first question is : how big is the cross section for meny-
body final states 7 LT present no-one can answer this question, Some
people believe, and may have rcasons for believing, that the big majority of
the observed processes are two-body rcactions, where two particles decay in
many pions, thus producing meny pions in the final state, This problem is
far from being scttled. On the other hand there ig no sharp distinction
between low multiplicity and high multiplicity events, therc being some sort
of continuum which extends from clastic and quasi-elastic scattering at low
multiplicity, to isotropically produced pions in c,m. at the highest
multiplicities obscrved. Definition of high wultiplicity, where many-body
processes can dominate, is therefore rather arbitrary. Let us define, for
present accelerator oncrgies, high multiplicity as five or more pions in the
final state, The typical cross-scctions for meny-pion rcactions which one
can ahalySe in bubble chambor arc not vory 1&?3@, gince one is restricted to
events with no more than one neutral particle, For cxample at 8 Gov/c the

(1)

+ . . : C . .
n  proton interaction cross scction for fitted six-prong events is

(2)

fit +
66 Y= 1,65 =~ 0.15 mb, and for 8-prong events at the same ecnergy
it + . . . -
oglt = 0,21 - 0,03 mwb, In order to calculatc the complete contribution of

many-pion final states to the total cross section one has to teke into
account all the unobservable processcs with two or morc néutral particles,
The real multiplicity speoctrum - by real multiplicity I mean the number of

pions produced independently of their charge ~ can be calculated under the
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asgumption that for a given multiplicity of pions, the probability of a

given charge configuration is given by the statistical model(B), The

validity of this assumption can be chiecked as follows ¢ starting from the

cross section for an obscrvable charge configuration, e.g. p3n+2n-, one
calculates, using statistical weights, the cross section for the production

of n pions, in our example five pions, One repeats this for all multiplicitics,
Now the sum of tho cross sections for all multiplicites is cqual to the total
cross scction for pion producticn, known fr?m independent measurcment., The
results of the calculation are as follows(4; ¢ at 4 GeV/o, where for /+

proton interaction the cross section for pion production is Gn = 20,1 mb,

. . . cal -
the calculated value is S = 20,3% mb ; at 8 GeV/c, c = 17,9 mb,
i
cal o . s cal . . s 2n0
o = 18,29 mb, Since o  was calculated starting from only about 30 /o
7

of the total cross section, fraction corresponding to fitted channels, the

(4)

+ + - .
for 4 GeV/c T p, B GeV/c = p and 10 GeV/c = p interactions are presented

agreement is quite satisfactory, Resulting multiplicity distributions

in Fig, 1. It can be seen from Fig, 1 that at 8 GeV/o the cross section for
high multiplicity processes (2 5u) corresponds to more than half of pion
production cross section, It is cbvious,that one must try to understand

processes responsible for about half of the inelastic cross section,
I ]

Let us vproceed to single-particle distributions. The most
typical for high energy interaction is the baryon angular distribution,
Mg, 2 preszents sonme examples of/nucleon a@gular digtributions in the c,m,
system for m-proton interaction.x5’6’7’8’9). The common features of all
this distributions are: a pronounced backward peak and a more or less
isotropic continuum, Shaded arca of histograms corresponds to symmetric
part of angular distribution(£>, The relative amount of this symmetric
component increases when energy decreases and multiplicity dncreases. This
symmetric component may be related to "central" collisions if one believes
that what one observes is a mixture of peripheral and central collisions,

By central we will mean collisions which can be described by theistatistical

model, It is a purely phenomenological definition based on the shape of

(£) Obtained by the reflection of the forward part of the distribution

. #* A :
by cos ¢° = 0 into backward part.
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angular aistributions, of spectra, etc. for secondary particles, Vhether
such a digtinction between periphal proccsses and central or statistical

sertainly a problem, It is

0
[

processes has deeper paysical wmeaning i
possible that the isotrowic component is only a tall of peripheral process.
If, on the other hand, high multiplicity is dominated by the processes that

we call statistical, which give symmetric or even isotropic angular distri-

o

bution, onc can try to csitimate the importsnce of such process guantitatively.

The result of such an cstimate of the cross secction for statistical

(4)

of central collisions drops when the c.m. cnergy increases, roughly as

collisions at several primary encrgics is presented in Fig, 3. The amount

There cxists also a sccond, independent possibility of the

determination of tie crosgs scction in gquestion., One can start from the

g(lO,ll,lZ)

data on large angle n-p scatterin and assuming the validity of

the statistical model calculate the cross gsection for the statistical

‘collisions, The lower lying wpoint

N

on Fig. 3 are calculated according to

U

thig method,

There is o big discrepancy between results obtained by the two
methods, It secoms that the first method gives an upper limit of the GC
becausge this estimation contains a tail of peripheral processes. Toolow

values of o as determinced from the elastic scattering may be related to too
high value of the probability of the decoy of compound system into two
primary particles, calculated without fully taking inte account rcsonance
production, Both methods give the same type of cnergy depcendence of the
cross wsection, in agrecment with the prediction of Fast, Hagedorn and Jones

The shaded area in Fig, 1 corresponds to the central cross scction for .

given multiplicity of pions in final state,

The next problem I would like to discuss is the behaviour of the
transverse momentum of particles, A few years ago, at the Geneva Confcrence,
Bigi ot al.(14) presented evidence for a mass-dependence of average trans-—
verse momentum, How does transverse momentum depend on the multiplicity of

the produced particles ? No such a depeondence scems to be present in Fig, 4,
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where is plotted the average value of the tronsverse momentum ve the number
/11:‘
- o A ANLD
of charged seccondory particles for 24 & V/c n-p collision® ). The samc

graph contalng also the aversge values of the c,m. particle momentum, The

<

A

pt> corresponding to the highest multiplicity is lower than the other
values but this is only the reflection of the fact that p% average 1ls, in
this C“‘O, also very low, It scoms thercfore that there is no multiplicity
dependence of <p.> in proton-proton interoctions., One has to bear in mind,

however, that the reesult for a given charge nmutliplicity is overaged over

scveral channels, if one tokes into account neutral particles, Mg, 5
/
e o \ . 26
prosents results of the Aachen-Berlin-CuRH oollaboratlon\ >on the trang—

verse momontum in scveral low-multiplicity channels of p intecracticn ot
8 GoV/c. The situstion isg very complicated -~ the particles in almost every

channel have their own set of <pt> values, different from those for other

nels, At higher wmultiplicitics the situation becomes gimpler, Fig, 6
(1)

for thoe high multiplicity transverse momentum of piong,

c:
containsg, togethe Uit data from Fig, 5, the rcoults of Bardadin et al
and Bartke et ¢

Once one ig bevend the complicaled reglon of low multiplicity, one observes
in pion-proton interaction a monotonic dcercase of <p, > of pilons when
multiplicity increase. Fig, 7 contains doto on nucleon transversc momente,
The effect, 1f therc is one, is much fecebler, i,o. the transversce momentun
of nucleons has very feeble dependence on multiplicity. This effcect is
illustrated ketter in Fig, 8, where the 2atio <pt> /< pi> isg plotted
agoinst multiplicity, At low multiplicity this ratio is about onc, dec-
reasing for 8 pions in final state to the valuo of about 0,065, llaybe thisg

is the cxplanation why in some cxperiments once finds strong mass-depondence

of trangversce momentum and in others not - the effect is multiplicity deopen-—
dent, In very peripheral, low multiplicity interactions there secms to be
y h A 9 I Jr

no mags—dependence of transverse momcntury, while the offect is strongest
at highcecet multiplicity. It is plauveible therefore, that this effcct is of

stotistical nature,.

The Fig, 9 presents the ratico of the avernge c.m, momentum of
plong to the averoge transverse momentum for different multiplicities,
There is o distinct diffcrence between the very low multiplicity channels

where <p > >> <pt>’ and the higher multiplicity channels, where this ratio

PS/5681/dmh
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slowly approaches the limit, predicted for isotropic angular distribution
and for a secondary spcctrum independent of the angle of cmission, this

&

limit being cqual to 4/x.

Proceeding to o more detailed analysis of the experimental data
let us discuss now t..¢ correlations between transverse momentum and long-
itudinal coumponent of c,m, momentum of particles, A strong correletion of

(16)

this type was found by Bardodin ot al, in the reaction n"p > p2n+5n~
at 10 GeV/c primary momentum, Average value of P against 1 for pions
and protons in thie cxperiment is presented in Fig, 10, For pions there is
a distinct drop in the averaoge pt for the vicinity of pf =0, Fig, 11
shows similar graph for the rcaction n+p - p2n+n_ at 8 GOV/C@%O. This
rcaction is dominated by two-body processcs, and there is a complicated

. % . * . ;
structure in P, V8 P Apart from the dip at pl = 0 for pions therc is an

1°
enhancement in P, for forward protons and for backward positivce pions,
Fig. 12 prescnts the results for pions of the Dubna and Bucharcst collab-
orgtion, Belyakov ct al.(17>, on four-pronz 7 -proton interactions at 7.5
GoV/c. The dip in the middle is very pronounced, It was shown by

Bardadin et al.(lc) that such a dip can be explainced in terms of a geomctric
cifeet, depending on the shape of srectrum of particles, mainly, An example
of how this effcct can be created is prescented in Fig., 13, Assume a

gpectrun of pions of thoe shape of Fig., 13a -~ just two lines, one at very

low momentun, p the sccond at high momentun, Pye The situation on the

1 9
P, Ve gf plot is shown in Fig, 1%b, under the assunmption of isotroplc
angular digtribution, For Ipfl bigger than P, transverse monmentum is
given by the circle of radius p, on the plot (Fig, 13c), for IPTI <D,
the main contribution comes from the low momentum line, naking P, mich
snaller., The spectrum of pions, calculated from covariant phase~spacc
produces this effect, the spectrunm of protons docs not, This can be scen
in Pig. 10, wherc the results of oalculafions using covarianf phasc~gpace,
and using phasc-space corrccted to include peripheral effects, are also

plotted.

The main intercst of looking for coffects like the dip in Py

*
for small'pl ig connccted with the question of whether high multiplicity
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cvents arc doninated by two-body processes, both bodies decaying into
several particles. Such proccsszes, very peripheral, are easily detectable
at low multiplicity, A good cxample is the rcoction n+p - N¥++wo.
Hunting for such final states, if the spectrum of messes of "fireballs" igs
broad and if they decay into many particles, is very difficult, In the
vicinity of 10 GeV/c, decay products of both intermediate bodies will nix
togothcr, There is some evidence that high multiplicity events produced in
m~p collision are not dominated by such proccsscs, The analysis performed
by the Warsaw group<8’18> on six-prong events fron 8 GeV/c n+p and 10 GcV/c
n—p interactions, was mede a3 follows. One arranges all particles of a given
jet according to their c.m, longitudinal momontum (Fig. 143) and onc makes

a projection of all momenta on the plane perpendicular to the primary
direcction (Fig, 14b). A1l transverse nmomente are vectors on this plane,

How onc produccs o vector sum of transverse momenta of particles number one
and nunber two, one and two and three, and so on. The length of this vector
gun has sonc depondence on longitudinal nonentun (Fig. 14c), Onec repeats
this cnalysis for all cvents, cnd onc produces the distribution of the
average vector sun of transverse moncnta ve longitudinal nmomentum,. Thig

type cof distribution is very sensitive fto thoe prescnce of two-body processcs,
The result of the analysis was that the experimental distribution is incom—
patible with the hypothesis of an interncdiate two-body state, but only if
the angle of emission of fireballs in c.m, systen is emaller than about

0 4 s . .
257, and if their masgs spectrum is not very broad ond flat, So the problen

.

is not fully settled,

Once one assunes that there are two-body processes at high
multipliéity, one must try to separate the individual event into two parts,
corresponding to two bodies, in order to study their properties. It scoms
that there is no unique prescription on how to do this at present acceler-
ator energics, A fow yoars ago Brandt ct al.(l9) proposed the so-called
"principal axis" method, In this method one chooses as the intermediate
bodies, two groups of particles in such a way that the c.m. momentun of
cach body is the largest possible, Studying properties of 10 GoV/c n_p
interactions with production of strange particles, these authors found

. 20
gore evidence in favor of the two-body hypothesis, Dremin et &l.( )
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C s . A A2 . .
propose a nethod consisting in the study of A7 distribution between
different groups of particles within an event, in order to distinguish
secen different types of interactions (statistical, excited nucleon
between different types of interactions igtical, excited nucleons,

fircball production) in protom-proton interaction, Another nethod, bascd

on the scarch for naximum "u® (four-momentunm tronsfer in crossed channel)

/
- 21 L - gt s s
was proposed by Eronch( ). This mothod works well for low multiplicity
A . + L o (22) . : .
events from 8 GeV/e m p interaction . Before one applico one of thesc

nothods to high multiplicity events, where an iwmportant mixing betwcen

porticles fron two bodics nmust occur, one should undertale a detailed lonte

Corlo study of the probleom.

Therc exists onc simple nethod of at oast diminishing the

|

nunber of particles in final state, if one cannot reduce it easily to €

GO =
body process: one has to look for known resonances, Fig, 15 proscnts

(2 ‘3>,

. . P . . - + .
obtained in the study of six-prong interaoctions of 4 GeV/o 1 nesons. with

the results of the Aachen-Berlin-Bonn-iamburg-Munich Pollﬁborﬂtlon

. . ) + ot =0 + .

protons., Thc rcaction ds w p » pimw 2n 7w . Tac n p effective nass
. e , s L E 0
distribution shows abundant production of N and o large amount of w

+ -0

is prescnt in the ©m n n effeetive nass distribution. These two resonances

. ~ . . . 0
reduce considerably. the nunmber of particles in the final states 506 of

. . . . . + ~E++ C + - .
the process in question is din fect wp » N n . Another cxanmple is
(1)

0 . . . -+ .
p  production in six-prong intcractions of 8 GcV/c m mesons with protons s

Fig. 16,

The last part of this report is related to angular corrclations
between pions. A fow years ago Goldhaber et al ( 4) ave presented evidence
for a cortain type of corrclations in the c.n, angle betwecen two pions
produccd in many-pion proton antiproton annihilation, The average angle
between pilons of like chorge (++ or ==) ie very significantly smaller than
the average angle between pions of differcnt (+—). This effect is also
present in many-pilon final stotes in 8 GOV/C ﬁ+-proton intoraction.z2 Fig, 17
presents the digtributions of the coiine of znm angle, ann’ for the proccss:
ﬁ+p i p4ﬂ+3n—. The distribution for n+n+ and T T pairs is very different

. : . . . + - . L
from the digtribution for w n pairs., As a nmeacsure of the effect Goldhaber

ct al. introduced y ==

. . . 0
, B = number of poirs with o« > 907, F = number
¥ T

Ps/5681/duh
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o] . . .
of peirs with a. < 907, Table I contains the results for different

T -
chamnncle, together with y-—cocfficicnts for Tn annihilation(£5>. Different
behaviour of like=-charge and unlike-charge pairs was explained by
Goldhober et 2l., in fterns of the statistical modcl by the effect of Bosce-
Einstein statistics of pilons., The cssential assumptions being the
representation of the constant natrix ulpﬂoﬂf of the ordinary stotistical

nodel in the form

/,d3nr ‘Ciniri 2

.
and subscguent symmetrization of the cxponential over perrmutations of
identical particles. The presecancce of this effceet in many-body final
states in n-p collisions is a strong argument in févour of the statistical
nature of such processcs, It ig o very intercsting question, whether this
cffect is present also at lower nultiplicitices. Investigoting such and
sinilar corrclations will possibly lead us to o better understanding of

high rultiplicity proccsscs.

The author ig grateful to Drs, A, Bialas, D.R,0, Morrison,

for helpful discussions, he also wishes to
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the manuscript,
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Firurce Captions

o

iplicity distributions for m~-p interactlons, Shaded

Fig. 1

arco corresponds to "contral® collisions.

n o= mumber of plons in fincl ztate.
n = average nunber of pilons,

n o= " i i it in "ecentral' collision.

Mg, 2 Examples of c,r.n, angular distributions of nucleong fron
{ 5678 ¢ \
. . . 5,6,7,8,9)
weproton interactions "'’ 1T,
Mg, 3 Fraction of "central' collisions in function of incidont

noncntun, for m~p intoroctions,
H A

0 calculated from the gyruetric pert of nucleon angular

distribution,
x,A calculated fron large ongle clastic n-p scoattering data
(vof. 10,11,12).
Mg, 4 Average vaolue of p, Tor pions produccd in 24,5 GeV/c P~
collisiong ve the nunber of prongs(15).
Average transversce norenturn in low multiplicity channclgs

-
8 GeV/c n+p interaction (20?

Ui

Fig.
Pig. 6 Avercge transverse nonentum of plons ve multiplicity for the
following channcls g
o+ + 0 + -
TP . =Pl T ~ T p - PIT 2T (l)
[ S S +,. =0
nw T pPIT 2| T
wn+n+r_ adn+3nP ~
14 /- +
P ' ( 2 6 ) I
+ + =0 L+, =0 | =
P T N T padT Bow (2)

+ 4+ - g :
nm T w7 J nbn 3w o

S

Fig, 7 Average tronsverse noncentun of nucleons ve nultiplicity.

ag

Mg, 8 Ratio of the averose veluce of b, for piong to the average
value of p, for nueclcons ve multiplicity.

Mg, 9 Ratio of the overnce c,m, noncentun of piong to the avercge
trongverse noncntun of plons ve nultiplicity.

Mg, 10 Average valuce of transverse nonentun ve c.n. longitudinal
nonentun for pions cnd protons from the rceoction ﬂmp - p2ﬁ+3ﬂ-

at 10 GUV/C(16>.
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Average value of transverse nonentun ve c,m, longitudinal
nonentur: for pions and protons from the reaction n+p - p2n+n~
ot 8 GeV/c(Zb).

Average value of transverse nonenturn ve, ¢,m. longitudinal
noncentun for pions from four-prong intceractions of . with
protons at 7.5 GCV/C(17),

fxemple of the creation of the dip in p, Vs pi distribution,
Analysis of & jet in terns of the dependence of Zﬁi on Pi'
Effective nass a:stribu%iOES for (proton n+) and (ﬂ+ﬂ~ﬂo)
cortbinations for the process:
n+p - p5n+2ﬂ—no ot 4 GeV/e (23).
Effcetive noss distributions fbr (ﬂ+n‘) pairs {rom the
reactions: n+p - p3n+2n_

- p3n+2n—no
at 8 GOV/C(1>,
Digtribution of the cosine of the n-m c,n., angle for like
charge ond unlike charge pion pairs in the reaction

n+p - p4n+3n_ at 3 GOV/C(Q).
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Fig.1 — Multiplicity distributions.
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