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PacnpeaeneHHe no MHO~ecTBeHHOCTH ~aCTHU po~AeH~x 
-B aApOHHbrX CTOflKHOBeHHmi: npH O~e.llb .BhiCOKOA SHepi'HH 

~aHHaH CTaTbH RBflReTCH o6aopow pa60T no HHKn~3HBHhiM aApOH-aApOH
HbiM cTonxiioseHHHM · npa o~e.llb BbiCOKHX aaeprarut, . COAep~amHM HoseAmae 
axcnepaMeHTanbHble H TeopeTH~eCKHe HCCfleAOBaHHH B aTOM aKTyanbHOM Ha
npasneHHH. PaccMaTpasa~Tc.ic_cneay~mHe sonpochl: ocHOBHhle oco6eaaocTH 
CTOnKHOBeHHH aApOHOB'npH BhiCOKHX SHepi'HHX, TOnonOI'H~ecXHe'xpocc-ceqeHH~ 
MaCmTa6HaSI . HHBapHaHTHOCTb. . ... 

Coo6~eHMe 061.e.IXMHeHHOro HHCTHTYTa Jl,llepHbiX HCCJJeAOBaHMit 

,lbr6Ha, 1973 

Kciba z. E2 ~ 6918 ', 

MultiplicityDistribution of Particles 
Produced in Very High Energy Hadronic. 

Collisions 

This paper reviews the works on inclusive hadron-had
ron collisions at very high energy and containes the new::
est data on experimental and-theoretical studies. in this 
field. The following problems are considered: the main' 
features of high energy collisons·, topological cross sec-
tions , scale invar iance. · · · · 

Communications of the Joint __ Institute ·for Nuclear -.Research~· 
Dubna, 19.73 
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In this talk I ·airi going to discuss:some'glol:al features 

of irela~t-ic hadron;..J:iadron collisicil:a.s" ·at· very high ·energy;·. 
-~ .. • < • - • • • • • 

which can .. be obtained· from one of the simplest and most direct · 

results of the bubble ctamber experiments~ namely thB multi

plicity_ distributio~s: of produced:.charged particles ( ·topologi

-cal eros~ 'section~ .The_talk wil;l include: . . 

· 1. Intr<:lduction.: Main features ~f higli energy hadron· ~~llisicins. 
2. What can be ie·a:r;ned in·generai from the multl;lici.ty · 

~-~. 

distribution? ·· 

· . J. "Scaling property" of multiplici ty·;distribution~ (\'iork of 

• 
5 

Koba, !UelseiJ. _and ?lesen~_·· 

.4~ Co~parison with recent· exp'eriinental diita. Cwo~k of 

Slattery). 

5. ~emarks. 
'-'t_ ,, 

1. !.lltrodu.Qll2!h .. :.M!!:i!!~~ures_£Lh!B~~h~!2!! 
. 2.!ill:1~ori!Lx) .,. 

As the general background of our discussion,· let me remind 

" you of. main feature's of very high' energy proton:..proton calli,;_ 

sions. · For>ot~~~ combinations' of hadrons ( e. g. ,p-n,' 7# _; K#-~ 
. NN1 et~ the data available at present do not go up tci so high 

energy as in p-p collision: but t!le general tendency is · 

expected to be similar. 
~ 

Figure 1 'Shows the p-p total cross section.This is taken 

--------------------------
x)';he~e remarks. are meant for 'non-high-energy physiCists and 
can be shipped. For more details, see;. for· instance, the 

. - 2 
~ost recent review 

3 



~rom ref.l presented at the Batavi& conference, Sept. 1972. 

A1though the new data above 100 GeV are not ye_t accurate., 

we f_ind that they are compat_ib1e with the assumpt~.on· of ooDatant 

tot~ cross section. 

·Out of this tota1 cross section ,about 4/5 is due to 

ine1astio processes whiCh 1ead to particle production. The 

remaining 1/5.is the e1astic.cross section, but this is also 

regarded as the shadow of 1ne1astio reactions. Thus study 

of partio1e production is quite essential for understand1Dg the 
. . . 

nature and properties of high energy hadron interactions. 

There are a f~w points concerning 'the hadronic particle 

production process which are fairly well established empirically. 

1) A~er~ge number of produced charged particles, < I'Lch > 
increases slowly with the incident energy. see fig.2 ( ref.l) 

Thi~ is usually put in the form 

{n,.p .,_.a. logs,· (1.1) 

where S ·is the c.m.s. energy squared,· but the power dependence 

(It> "V. s"' with small k is not excluded, particularly at lower 

energy. 

Tbe number <tt.> is much smaller than· the maximum 

value alf.owed by energy-momentum· conservation. ( For example, 

at 200 Gev/c, the total n~ber produced x is "' 12, while 
· s~ · i the maximum allowed number, which increases as . "' · , · s 

;) He::-~-:::-:.~:::~ t the number of neutral particles 

is approximately 1/2 o·f the charged particles. 
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a~a 125). This ae&ns that at leaat.some ~f the. ~inal state 

''·•,particles carry l.arg~ ld.Di.tio aner£7 in the o:m.:a. 

' . 

'2) Ue dia.tributica· o~ transverse momentum of the final·· 

.particles is l~ited to a saail region, 'oa o•4 GeV/o. This 

is. independent· ef. tlte· incident energy, angle of. eaiaaion, · 

'energy, mult1pl.1city of .... ~ondaries a:Dd nearl.:y'.indepenclent of 

the kind ef partiol.es. lfetioe, however; that recent exper1118nts 

at ISR have indicate( the !XL"GS~~oe of high transTe~s~ mom.enta .3 

.3) From.. the above tWo points it follows that soae of the 

f1na1 J&rtioles must carry large iong~tudinal •'?••.ntum. r:a.' 
fact, the spectrum of longitudiDal momentum OOTera' ne~riy· th'e 

. - . . . . . 

whole range of ·kinematically alloWed 'values,· which of course 
. ~ " • • • •• • • -;' • • : : • ~l 

increases with· incident energy. The. spe9tru:n de~ends ·on · · t. 

the kind of particles ~d on the energy •. A simplification 

:taxes place, however, owing to the so~called · "scali~ propert;y: , 

.'~mphasiz~d' by Feynman and: by Benecke, Ch.oui Yang and Yen· 

but can be traced back to the viork .of .Amati, Fubini, . . , . '" . - . ' . . . 

St~ghellini and Tonin 6 and .that of Wilson 7-

To explain the "scaling" property, it is convenient to de

fine· the normalized inclusive cro~s section for an experiment 

A + B ~ c'( p) + anything, 

_j_ 
. eft-ct. 

dcS,nc!«s, = -Y'(P:,i:) =. :f{p_,_~ x_; S) 
elf 

5. 

(1.2).-

·. 

.,. 



where we have used the notation x 

* p" 
rs'/.2 

dp =:. d__3f' .. } .. .:r: :: (l.J) 

. .. p,, -being the longitudinal momentum in the c~m.s. Then 

the scaling hypothesis predicts the asymptotic behaviour 

Y'(P~ .x., s) - · ~(p~., x) 
_, S•C'O . 

This prediction is borne out in general• ( The .approach to . 

the limit takes place in some cases already .at relatively low 

'energies, while in other cases the limit is. not-yet reached 

even at the highest accelerator energy available at _present. 

we do not enter here into details). 

4). Most of produced particles are pions. Kaons 1 hyperons 

and baryon pairs. are m'uch less. Notice 1 .however 1 that ISR ' . 
experiments near .X: ::;,v show a remarkable increase of heavier 

particles.· 

2. What_~!L'2L~!neLfE.QEL~ 'rnuJ.llJ2li cJ:!i..Y_ di s:tt1: but ions? 

As mentioned befor'3 1 . the multiplicity distribution of 

charged :rarticles '- for example, see FiS) 'taken from ref.l) is 

one of the first and most direct result from the bubble chamber 

ereriment. 
X The notation X ( Feynman1 s scaling variable) is a standard I 

one, while notation ap for invariant differenti~ (introdu
ced by de Groot) .is not eo generally·used but is employed 
here for simplicity of writing down expressions. 
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For simplicity of writing do,;,.n expressJ.ons, I shall here 

treat. the case of a single kind of-particles in the-final state.'' 

--B~t ;J.i the ar~ent's ~an be appli~d ( ~:ith slight m~difi'catio~s) 
to the actual.E.ses of charged par·t'icle or negativel,y charged·: _,.. . ,. ·- .-

,: partbles. 

Consider the inclusive cross section for 

A? B ._ C(p"') .. ? aeyth~ (2~1} 

This' :bi~iudes all the ;iiml ·~tat es like Fig. 4 .. ·. · 

·A··· ___ ,·---~-p·J· ~ . - . . . 
... IJ~:_It._ 

n. = !, .Z,3; .... 

Fig.4-

, -\'/hen we integrate the inclu'sive ci'oss section over the whole 

region of p we pic}f~ up each final particle, so that this 

event with n. final particles is connected n times. ThUs 
·---·..,. . 

__ .' jJp do,ncfLis 
. ' cfp 

= ;[. n.o'n.- = <n> d toe ,' 

,\. 
..... :-.; 

where 

' .. ··.'-' d.._ :· cross· section .. for ·producing n. particles 

>;" ::~ • 

(h) 

. ~-· 6 
·L h. '1. 

. 2 rSn 

~ -· . 
- {. 

- dt,_,t I n d~~. • 

'so we conclude that' t~ average multiplicity is. ih~' :i.nt egral ,. . . . ' . . ~- . ' 

of the ~o~ii~.~~I single :IRrti'cle:izicl usiv~ :c~oss se:c:tion 
~~ -.~ 

; 
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-~ 

i, 

~-. 
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' 
'· 

A+B ~ c(PJ -t-C(f.z) + anyting 

which includes final· states as Fig.5 

. . A~}· n .. : 2,-'~··· 

Fig.5 
~ .... 

When we integrate over f1 and f;z. .. we pick up each pair in 

the final state twice, so that the above event with n final 

particles is counted 2 ·(f) = n.(n.-J.) times. Thus 

_L JJ cfpL J'f-L d~dtndu.s ~ 
Gtot- · · . tlfL df~ 

or 

2_. n.(n-r)G''l. 

·z d,_ 
'""'-

< n. (11-:1.)> = Jjotp.ofp.t. y;_(P:~f;_;s), 

< n. ('rr - ~)> 

. (2.4) 

(2.5) 

where · f4{P~,f:.~s) is the two-particle distribution function 

( i.e. normalized inclusive cross section). _The figure 6 ( ref.l) 

shows the energy- dependence of this· quantty. 

·It is, however, often more interesting to consider 2-particle 

correlation function 'fl (~)f._;s) i~tead of the two-particle 

~!:!EEi!.!m..~L~_:....It is defined by 

x)I am. using the notation which appears now to be more often in 
use, although we have been using a different set of letters in our 
works on m~ particle distribution~ and correlations. 
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'-' . ;, ;, . ·.; .. '~ 
'{;. (P:,P..;s) = ~ (Ps" p;,;s) -· ':!;_{f;~s)·~(f:js)' . . . 

and extracts, so to· _ ·say- tlJ.e. :essentially nev1 in:fo=ation 

. included in the two-particle. distribution~ Then we ask,_. after 

we have detected a particle. of. m'rimentum p: . ' what is the 

chance of finding_another ·particle with momentum ~ .• The 

· answer is essentially given. by. 

.>i (p";, P:;s) 
~(P.;s) 

(2.6)' · .. 
·. ' 

.. · \. 

If the first detection. of jl; does not influence the second .one 

... ~t all~ the result will be the;same ·as in the case of single ,partic.le . ~ . '· . . ~· 

p.etection, and we get 

or.·:~ 

~ ( 1~, itt; s) -=~ Y't (P-;_) .Y 
:t1 (j>;_~s) .:. 

(2.7) 
. .. 

• .l"~ :· ':; 

:'f:1.. r p;; p-;; sJ .. o · .X2~s) 

~ ,' 

! 
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But in general. this wiil not be the case and thfi l~h.s •. 

Of (2. 7) wil.{~:e either ll'irgar (• PoS~tiv~ ~orrelation )or ·~mailer. .· . . . . . . . 

(negative c~rrelation) ·than.the .r~h.s. . ~ "• 

Now .the in:t·egral of. the two· particle correlation func.tion'.:_ ., 

usually denoted by -J,.. 
( 2.2). 

is easUy 'obtained fr~IU (2. 6), (2. 5); : 
·, 

- . . ~ 

f"-:: fJJ'p.tlf.:. ~(ft>f.3.;s) = -< h{n-tJ> -· <n.> :: 
.. . . .t 

-· (<n~>-:- <_tt) J- <n> == 
. ..;: · ...... ,. 

2> - <n.> ·, 
(2~9) ,..,. __ , 

... ·-· 

<.'9 
.... 

·, 

;~ ~ 



i 
I ~ 

.. ' ... , 

where 

1>-t = <. ( n -<n>).t.> = < n.t>- <n>.{. .. (2.~0) 

is. the dispersion of the. distribution. Notice. that the Poisson 

distribution bas the property ]) = .fit' so that :Lt ~eads to 

van:Ls~ng value of · f::t . 

When we compare <n..> and ( n(n-1)> shown in Fig.2 and 

F:Lg.6 we find that experimentally 

1~ < 0 below JO GeV/c 

j4 >0 above 50 GeVfc · •. 
(2.11) 

, !'hie re~a~lt can be interpreted &is :t'ollewaoAt lower energies 

kinell&tioal octrrelationa due tct the e:aerg..oaoaenta oenaern.

tion are predoaiDant. (!he7 aze eaaenti&ll7. ne&&tive beoauae two 

energetic particles going :Ln the same direction are forbidden, 

for example). At higher energies positive corre~ations of non

kinematical origin ( they may or may not be ~ynamical ones)· 

appear and overwhela the kinematical ones. 

A further insight into the structure of the correlation 

function can be obtained if we take int 0 account the kinematical 

constraint ( sometimes ~alled "sum r~es") '!hich ·it muat 

. satisfy because of ener gyo-ll!omentum conservation .x • For the 

two-particle correlation function ~ , it can be written as 

XTF-;;-th';-;i;;ivati:;;-;;;:;:;.g. ,the revie~ S) , where 'original 

references are given. 
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~:neglected :compared to one. The outline· of our original arguments _,_ ' ~ 

·- ; is: given in the appendix. 
l'' . 

-··· · When we plot x 

P( ) .6, . 
n:,s =

-Zcl.,_ 
(J.l) 

as a continuous function of ~ ( i.e., we make an interpolation 

for n?n-integer h. ), fot given ,s ., we get for instance, curves 

like Fig.7. .. 
P(~;s) • s, . s. <SA< $.5 

Fig.7 
~ >.... >... =::.......... ,"' 

Each curve .. encloses unit area, because of normalization; 

jP(n;s)dn =:! • 

Now the oonslusion of our speculation is as follows. When we 

·rescale each curve by multiplying the hor~zo:tJ.tal axis by <{,_> 
and the vertical axis by (n~·, thus. maint'ainilig the normalization, 

then at· .sufficiently liigh e_nergy;· the curves will coincide with 

each other, as schematized in Fig.e. 

-------------------
··- x~ Iri the swnma.tion X d,. , the elastic .·!Jross section is 

us Ual!Y not inciluded, because the- elastic scattering ha:s a 

somewhat different property. 

... -"'~ ~ .- -c.-"1 
. I 

,_, ., . I 
;l: .... '!. l 

' •: J ,. ' . '·- i 
- ... ~ .. 

.• 

~ i ... 

1.·,;. 
. ' 
~r 

'' 

-13 

·~-~ 



i 
I 
r 

~ 

- <n>P('l:,S) 
fo"< v.U s 

Fig. a 

'Un.> 

This asymptotic "scaling" behaviour includes, as a special 

case, the Poisson distribut:l.on or similar distribution predicted 

by the short range correlation models. In these models one has 

]) 

<,n) 

I 

{<ni' ) · ______ / 
(J.2) 

and, since < h >- oa ,-the width of the limiting distribution 

in the rescaled plot becomes infinitely narrow~ thus y:l.elding 

s (/:..>- i) 

in thelimit. Our "scaling" hypothesis is, however, more general 

and adm:l.~a l:l.miting rescaled curve with a finite width which 
' 

would correspond to the -preaenoe of l.ong range oorrelations. 

4. qompai:!J!.!!.!L!!.!.!~~29l.!Lr!m!!B~1L r 

Slattery. 7 has mad~ a comparison of the above~entio!led · 

"scal:l.ng".behaviour.with. experimental data of charged prong. 

distribution of p-p collision at 19, 50, 69, 102, 205, JOJ: GeV/c 

and has found that except the low energy data at.l9_ GeV, ·the plots 

of < n> ~ vs ~n> are indeed very· well :rep:resen-
.Z~ . .· . 

ted by a single curve. See Fig.9 and TaliJ.e 2 ( taken from :ref.l7). 

':. 

·l 
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i 

J, '' 

The unive,rsal:J-ty of the. curve for_ ,n.">·P(njs) vs rt,kn.> 

in the- energy region 50-JOO GeV.. _:l.s equ:l.valent :to "tp.e sta.teme_nt 

that 

Cq :=. 
<rtq> ,, 

: <n>f , r= 2, .3,~ ; ... (4.1). 

~ ~ ~~~ --- '' 

are independent of energy in t.his region. The tables J-4 Cref.l7) 

show values of these 'parameters. As a: speciB.l case the value's 
.. · 

of. 

: :~ 

S:.':2' 
:I> 

:1: 
(c._ ~ .t)'f_ 

:0:: 

at varieus_,energies .are shown ~n fig.lO J t~en from ref.l). 

It starts from2 •. 2-2.J at._low _energy .and. appears to become 

s_table -.i . above 50 Gev~ 

(4.2) 

The remarkable stability of the .parameter-< ':'>/.2> .. even at, 
-- " . . '. ' ·-

. lowe·r energy was noticed al;r.:-cady in 1970 by Czyzewski and Ry-

b~ck:l.'la and more r~cently a.linear empirical relation of <n> 
and ]Y was presented-by WrobleV(ski. 

5.~~-

Thus we have seen- that empirically. the_ parameters 

<n 9> . . 
Cq = <t'\.>'1 , ~ .::.7;3,- .•.• 

.'\-. 

are.~ithin_the:present.experimental accuracy ene:rgy~independent 
I . . . .. . , ,· . . . : . . . . ~-

in the. energy;:region 50-:JOO.Gev for multiplicity distribution. of 
- c. ·. t ·· . - · · . . ... -. · · · , ., , .. 
charged, prongs· from. p-p coll:l.sion. Any :realist:l.c model of · . ' · 

. particlEi produ~tion ba(to ]Je _able to, :reproduce a~ least appr?.xima-

tely this,fairly .. :rema:rkable relation> . 'i: 

.. 
•. 
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l 

.j· : .. ~·"!~'.;· . 
... 'As haS been carefUlly discussed by S~~ttery l7 ,·the data ,: :. '::~ 

.... ·: 

are still compatible wit~ the s~ori· ra.Dge·· co;relat:l.on hypothes1s10 < · :·. ; · 
. .t.•, •. 

See. fig.ll taken from ref. 17 •.. Therefore the empirical· ev:l.denc.e.:' .}· .. .' -_<.,. 
• > • • • • • -: • • • • • • • • .-. ••• - • ~;,·~. -' 

is not yet conclusive for. the ·early. setting· :l.n of the l:l.miting :: · · ·.- · 

scaling· behaviour. ( In. ~ther. word~, ~·e :parameters c, may .• , ::. .. . _;' 

again become energy deyendent at still h:l.gher energie.s)'. 

. llevertheless,it seems to.usvery attractive. to'assume that 
. , .:: 

tae•scal:l.ng"behaviour of the multiplicity distr:l.bution is rear. 

OUr original derivation ( see· Append~) is based on two ~trong··. 
.-. . . .· ·. ' .· 

assumptions·and may not beconvincing:in the ener~ region 

available at present. But this is. only one of many possible 

.. ·•8,1,!1 af4er:l.vati1J&•scai:l.ngt behaviour. Ot~;ter approaches, other 'models 

wh:l.ch l_ead to the constant· values of the ,parameters Ci are 

to be studied. ( "~arly scaling". seems to indicate that a certain 

factor in the production mechanism :l.s already stable). Works 

. ~ong. this line are going :!.h Cope~gen 2.0 • 

·'"":-:,. 

-\ 
•i-; ... -·:1, 

·~, 

_.._ ~· 

J•" ~--.~ 

....... ·.:...:· 
.... { 

·§...~ 

After introductoXY r~marks.on.ma:l.n aspects of the h:l.gh 

ener~ hadron collisio~s, I ha:Ve. firstl.Y discussed some gl?bal: 

·features of the production process which· can be immediately 

extracted from the multiplicity distribution of charged prongs 

· j\ ( i.e., topological cross sections). The latt_E!r give'S us namel.l. 

·\\J-~n on...E.Q._rl)lalized_inclusive_cro_s_~ _ _sec:ions am correli\. : :~·· 
:.\· tions of charged particles integrated over the· whole phase space. 
~------------------·~----~-~----~---
ExperiiOOntal data show 'that the 2-particle correlation integral . .' 

is nega~ive at lower energy and beao.mes positive at hlgher energy. 
. . . . :,.-----.~:r-1,~! 

; : ~ ·, 
r ~ .. "P. 

"I 

16 .: ) .. 

' .. '. 

·..: 

J, .. 
ll_i_ 
{ \ i ,, 

.,.. 

j•_:· 
·. 

· With the help ef' k:l.neutioal oo:utra:l.nt a posa:l.bl.e behaviour 

.of the 2-partiole correlation function ( i.e. positiTe in. the 

central:. region~. n'egatiTe :l.il." the_ bolmdar7 :region) ·is 1nferredo 

:rurther 'generalisation can be dene._tri ana17ais of J- and •ore

. particle inoluaive or01a sections and oorrelat:l.ona :l.n tel'lla 
,'• .... 

of higkar •••eata of •u1tiJ1ioitT d:l.stribution • 
i. :. . . . . • . . . "• . < (" 

Next I haTe diaouaae4 a aore speo~ic feature, the 

•soa11Jl&•behaT1our• of •u1tiplioitT distribution predicted b,r 

us for the' u~ptot'io ea:~~D r~lion: ~l~tte~7 baa ~~ade a d~tai
~e4 OOilparisen with recent. 4ata and ha~~ a;o~ t~at• at 50-JOO 

·. '·-· . . ·•· ...... ·' . '··· , ... :. '11" •· .;; ;. 
'Gev/o P-:-P coll.iaien~ the < tl.>d~~l .. vs. w plot for . 

the charged prongs lie indeed on.a ~1veraal o~ve, or 

eq~T&l.e;nt17, c, =: ~ (f•Jt,3~·'t.~are .ene;o· :l.ndepelldent 
. . <".> 

1n this region, ~ realistic •odel of particle production 

. should be able to reproduce theae' r~iationa' .at 'l.aa~t approx:lJia-
. . . 

. teiT• .Although· the 4ata an net Tit. oona1ua1ve it is attrao.tiTe 
' . , . . 

to aaswae the Talidit7 of •aO&ling ef •ultiplicitT distributions• • 

. our or1glllal 4er1T&t1en ia baaed.· en; two i.a:Ln aaaumptiona which 

·.are· not verT real:la tio 1a -the present eneru region. Jlore 

rea11at1o approa.oh or •ode~a ioraa·~~ing~:behaTiour are deairable. 

~Dl.t!u!!l1~ . !he oo~te~t ,.~~ ~~~}~ is.largelT 

baaed on the eollaberationworka with E.B.Nielaen &D4 P,Qleaen, 
.• .... ' . --~ -:.. '. '1~.·~ -~.; :". ~ :t,·•··- : '• -·_!":· ~-- . 

to wh .. I o~e •uoh. I also .tli&U: P.SlatterT for illforaing 

·ua of his anal.Taia prier .· ~· pabl1oation'• Last but not leaat, 

I, e:qr~aa •T heart7 gratitude for the h~lpit&litT of ·.riD · 

where thia talk has been g:I.Ten aDil this ~~anuaoript has been 

writtm. 

17iz\' 
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A., ;/: ···:' \. . .: ·. :·. • '\ve can express the Feynman scaling ':in the 
~-·{. :- ·:. :·~·_,.: .. ,; .} ... i ' . 

- < • ..._ t ••.• .... .2. 

~ 

'· 
"' 

·.-.:. . 

form · 

. ..; ... r·, .... : .. _. ·-. <n..>:;. J ol~ 
l. . ·_-:f_~ .! .: 4 

Origiml. derlvatio:ri:'. of scaling beh~.;:i.-our of ,mUltipl.icity 
i('J;sY= i'roJ '£1s ... ;!/(:tJ •· 

. ._'. --v.tJ· . (A.5) :· ' ----------------
'dis tr.ibution 

·~: 

. j~·· 
' . '! 

·;~;'' .: 
". I_ ·.·• . . .. .. ·,/ .. 

we assume 

i) .-The Feynman scaling i~ valld for ail. the many particle 

·.. inclusive c~os!( sections~· . . ._.; 

<a) The~en~rgy is-~~ high that 'ter~s o_fo~d~~--~haas ,-
1 

can~ be. negl.ected. compared .. : to _l.. 
·i 

It is convenient to i~troduce the· rapidlty variabl.e ·;· defined 

. _by ~ ':t~·: . 

~ .. ·. 
sc·nft. ~ -~

vr.. .. +PI : .. c~~1>' . 

I>· 

. , 

One of the nice properties of this variable is 

-+ .. d~p · -1 :z. ·c1p . '• .t 
• C1f .>: -<-- = C1. P.J. '' -= ol_ fJ.. oi:J 

. ~ p .. r>t- • v ,.~-+'!I"-' . ·... . 
. ~·-- "•. 

and the al.l.owed r~gion for ·"J. is, _in the c.m.s• system 

- { ~ 'i ~- '1 ) Y ..... &3s. • 

In~egrating the normalize~ inclusive cross section·over the 

transverse moment~ and denoting the' result by . f1 

...L J ol-lpJ.. ~ Jd ... ~e. =- !f (-a; ;.s) 
. 6t.t- . . rJ" p 

(A.2) 

(;~)) 

·(A.4) 

.-. 

.... _·: 

-~~ : 
t--
Il' 

' . ~[ . 

'• 

t .· 
-~ 
-~~ 

·' 

·:."' 

"· 

. ·. ~ "' ~ . 

Notice ~t- cj' (zj:o; s) :::. P (x=o) · 

and. by -the_ assumption of Feynrnan scaling it does not depend .on . . -- . .. . . _ ... : .• . ~ 

. s. 
' • .. < • ~ • 

Therefore the increase ·of the integral .of inclusive· cross··-

se~;i~n-wi~~':he ;~c~~~t energy is,to the a·~ci~acy of neglec~~ng· . 

' .. 0 ($), only.~ue to the in:;;e~se ·of t~~ do~in 0~ int~~;a:~~on. in-

tlie· rapidity variable, as ii~ustrated in Fig.l2. 

. -.. t(!j,'s.) '·- . 

Fig.l.2 

. ----· -t·,·.s· ---. ~ . 4 i . 

For 2-particle incl.usive cross section, we can apply the 
I 

I ... . . 

same ar~ment, and the ~eynman scaling leads to < .. .,. 

<n(n·O> = [J ~('J·,~~-;s)d~, d_y1 ; 

= _ ~(o, o) (~is/{<r o'(~1 s) J (A~6? 

!'· 

( f.o5sf' . Here the· ·region of integration is essentiall.y 

and Yi (o,o) is energy'illdependent. Sinc.e we know fro~ '0\.5') 

that < rt) is of the order. to9 s (A.6) can be rewritten . . . . -
.-~. 

as 

. :·~ 

e. 



L 
I 
I 

:I 

~I 
1. 

<n~> = .;Jro,o) (&as>~{i.'+ o({s)J .. 
. Dj ' 

cA. 7) am. CA. a) give 

-t . < Yl. :,> 
("'-:: <n.>"' 

= ~(o,o) , {t +O(.-L). Z ~ i[ (o, o) 
( 'ft (0 >] "'- . . . (oJS 'J ' [ tfi{o)].t. 

(A~7) 

(A.aJ .• 

We can repeat the same reasoning and obtain more generally 

C = (n f> 
f .,- <n> 'i. = 

~ (o,~, ... _,O)_{t+ t(r& s)-~J 7' ~(~"/.~},,(A . ) .. 
[ p

1 
r o)]'? ·. · · '3 · [<f;roJJ..~ • _" 9 

·· 

The r.h.s. is energy independent'. 

•F 

• i:.f' .. 

.. 

~~-

-; ·~ l' 

.,._. . ; 

. References: 

1 •. F .T.Dao, D.Gordon, J .Leach, E.Ma1amud, T.Meyer, 
; ; :· ~ -- -. • i . ' •• 

.~ ... -
... ~· . : . 

R~Poster·~·w.Slat'er,·~p Interactions at .)OJ GeV/c,Multf-.· 

plicity a~ .Tot~ Cross Section., ~on~r1bution tor:the 

XVI Int.Co~. High Energy Phys. Sep~. l972. Bata~ia. 

2. R.M.Mur~dyan,.Automod~lity in inclusi~·reactions~ 

Lectures given at Sch~ol. for young phy~i.cists at,·. 

·.'Sukhum1, ~ct .• l97Z,.. to be pub'U~d. 
. ··J. B.Alper, ·H.l3oggUd, P.Booth, F~Bulos, L.I.Carroll, 

G.Daingaard~. G. von Dardel, BoDuff, F.ll.Heyma~, J~N.Jaokson, · 
' . 

G;Jarlsla'ogi L;Jonsson, A.Klovning, L~Leist~~ E.LUl~th\un, 
G.L~~h, ~Jrentic~; D.Quar~ie, J .Weiss~, I~olusive Par{icle 

. . . . ' -: . 

Production in1he Rapidity Range 0 to 1 at the CERil ISR", ·oon-· 

:: trib~tion to ~he .XVI Int.Conf •. High·' Energy P~s., · ~ept.· 19721 , 
.. . .. . .. . . Batavia. 

4. R.P~F eyil!llali,. Phys.Rev.Lett• 2J (1969) 1415;. High Energy 

··conisioi:i~, ~dite~ by c.ll.Yang, (Ne;y York l9'{o)~·· ;.2J·7· •. 

5. J.Benecke, T.T.Chcu, c.ll.Yang, :&.Yen, Phy~.R~~~ 1BS, :. 

2159 Cl969)~' . 

6: D • .Amatit s.~ubin1, S.Stanghelliri1, M.Ton1n,' Nuovo '?1m.~ 22i 

'56 (1961); 2_6, 896 (1962) •. 

1. K.G.W1lscn, Cornell prepr1nt CLllS-181·, Nov. 1970. 

a. · z·~Koba, ~ Particle Inclusive Cros~ Sections .~'rut 
correlations in Hadron1o Production. Proce_sses at Very 

-. . . ' "' ,... ~ 

High E~rgy. c.openhag~n prepr1nt NBI~72.;.9. July, 1972; 

To be published in Acta Ph7~ica P.~ioiu~a • 
• . 

'· 

J 



9. A!Bialas, K.Fialkowski, R.Wit and K.Zalewski, Phys.Lett. 

J9B, 211 (1972). 
, ' 

10.A.H.Muel1~,-Phys.Rev. D4; 150, (1971). 

ll.L.S;Brown, Phys.Rev. D5, 748 (1972). 

K.I.· Biebl and. I. Wolf •. Nucl.Phys. B44, JOl (197V. 

Z.Koba,; H. B. Nielsen and ·p. Olesen._ Nuc1.Phys. B4J, 125 (1972). 

12.J .D.Bjorken,. f'articles and Fiel9-s•' 1971. ( Proc. Rochester.

_Meeting, APS/DPF) p.llo.: .. -

1J.M.Bander, Irvine preprint,. Teoh.Rep.No. 71-JJO;. Davis Conf. 

Feb. 1972, Irvine preprint Tech.Rep. No. 72-16. 

14.H.T.Nieh. and J.M.Wang. Phys.Rev. D5 (1972) 2226. 

_15.Z_.Koba, H.B.Nie1sen and P.o1esen. Phys.Lett• JBB, .25 (1972). 

16~ z.Koba,. H.B.Niels en and P .o1esen. Nucl.PhYs•· B40, J1 7 (1972). 

17 .P .• Slattery. Evidence for systematic behaviour of charged 

prong muJ.tiplicity distributions in high energy proton-proton 

ct;~llisions, Rochester.· preprint, C00-J065-26, Sept. 1972.-

18. O.Czyzewski .and K.Rybioki, On the. diStribution of charged 

secondary particles in high energy 1nt~act1ons.' Cracow 

preprint, Report No. 70J, Inst.Nuc1.Phys.Cracow~·: 

19.A.Wrob1ewski·~ Contr·~bution to XYI 'rnt.Conf. High. Energy 

Phys. Sept. 1972,Batavia; Warsaw pre.prj,nt 1972. · · 

20. H.B.Niels·eD. and ':P.oles~~. to be publ.ished. 

Received by Publishing'· Department 
on January_25, 197J • . _. 

1' .. _·._ 

22 

·J 

~!!.kl. (R~f.a ) 

Asymptotic behaviour of-two-particle correlation inteeral 
in various models 

Model · _______________________ .. __ _ 
Uncorrelated jetmodel 
(with PL cut off) 

S-ho.rt r. ange ,c __ ._orrelation_.J models · · 
Mul tiperipheral model -. -. 
Dual resonance. model. 
(tree appro~.) . 

> • ., ~ 

h -= < n (tt-t)> •- <n;..t. 

"" A. (canlt). (A'< o) 

-----------------
"'"' & &3 s (· ·:. 0 l_ . 

· f><ol 

----------------------------~~- ----------------
UuJ.tiperipheral model .with ab
_sorpt~o.u 

(Caneschi-Schwimnier)' 
Diffraction and . 
.pionization . 
Non-equilibrium model 

· Diffractive ex:iiitatio~ model. ·1· 
(Limiting !ragmentati~n model) 

~.: ~ "' . 
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·-·;· 

... 

n 

2 

4 

6 

a 

10 

19 a) 
GcV/c 

1.227 

±0.020 

1.793. 

±o.o;n 

0.709 

±0.021~ 

0.186 

Summary ofData 

pp+n charged particles 

so - 1 
GeV/c 

1,08 • 

±0.11 

1.583 

±0.090 

1.345 

±0.084 

0.048 

-·a 
<n> _.::.n_ 

a .. 
· J.ne-1 

•69 
GcV/c 

0.940 

±Oo068 

~o~ll. 
±0.01!8 

1.476 

±0.046 

102 
• GeV/c 

0.08 

±0.10 

1.589 

±0.091 

1.489 • 

±0.0% 

. 205. 
GeV/c 

0.82 

±0.17 

.. 1.299 

±0.079 

'1.622 

303'' 
GcV/c 

0.50 

±0.14 

. 1. 348 

±0.076 

1.539 

±ooo96 I ±o.o~•o 

.. ~ 

1. 354 I 1. 5-04 I 
±0.085 ±O.OOG 

±0.074 ±0.084 ·---
12 1 

f---1 

±0.010· 1±0.069 

0.0314 1 0.344 •· 

. ±0.0039 ~0.037 

o.oo1so I o.os1 

±0.00088 :±0.017 

i..ol3 
±0.038 

0.513 

±0.024 

0.238 

±0.015 

1.1<10 

±O.Ofl7 

0 .'692 

±0.066 

0.399 O •. IlOl ,_· 1.168 · .. 

1.031 1.315 ~· 

±0.054 i0.064 ±0.0(.13 .• 

14 

16. 

18 

o .• 00050 

±0.00050 

i o.o:;r. o.o1:o · ., -
1

1 0.137 .. o.397 . o.G~5. ·.I 

~o.o11 ±0.0079 . ±0.030. ±0.039 ±o.o~8 1 

I 0.0032 0.0190. II 0.037 I 0.20-1 . 0.3S8 . 

I ±o.oo32 ±o.oo39 ±o.ol6 . to.o2r. .. ±·o.o4s 

I 0.0023 I 0.019 ,-0.071 II Oo241 I 
I ±o.ool3 ·i±ooon ·I ±0.016· • ··±o~o3s 

I I I I I· : o o 042 __ ,··o ._1r12 I 
I . ; . iO.Ol.2 ±_O.O?i__. : 

I I I . 0.0129 1- Oo0189 I . · . I· ±0.0066 ±o.rnn : 

20 

22 

24 ·1· . I I · I I :I. ·O-o
028 i 

±O.Oll , 

26 i . - -;- i· . . 0. 0 H 2 I; ' 
. . ±0.0085 f 

<n> -LOJ:: 5.32 : -s.sos ·1··6o~a.. '/,G5 a.cG 

L- ±0.022 10.11 ±0.066 ±0.12 : ~.0.16 ±0.15 j 

a) N~t plotted in l:'igure 7. • :.· ~·. Table 2 (Ref. Zl7). 
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