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Much attention is given to the problem of mult:! -

particle production in hadron interaction at high energies 1 

and at present a great nwnber of models is suggested· and 

studied together · w1 th experimental data ·both in .. the range 

of accelerator_and cosmic-ray energies 2 • 

A nwnber of produced charged particles is one of the most 

· important and directly observable characteristics. But we 1m-. 
little about this quantity: it is known,t~t the average 

multiplicity grows slowly with-the energy ( preswnably, ·as 

~ S or S 1<. , where S is equal to initial energy 

in lab. system and K is equal to· or less than l/4), but 
-sometimes-we observe the eTenta, which differ from the ave~age 

distribution ~5 • 

Presently, we get the opportUnity to study in detail the , . 
multiplicity distribution and the data about the eXistence of 

high correlations ~tween secondary particles. 

From theoretical point of view the cross sections of 

inclusive processes, i.e. the followi~ form 

A ~ E> ~ C -+ c:t + • • • + anything 

where only one part of ·aecondar,r particles ia identified and 

aeasured, are described in terms of single- or multi

particle momentum distribution functions, or.equall71 b7 the 

correlation functions. Thus, the multipl1c1t7 distribution in 

- definite region of phase-apace allows one to evaluate the 

aoaentua distribution and the correlation fUnctions 

integrated over·this re~on. 
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This multiplicity distribution was considered from the point 
6 of view of correlations by some authors and especially 

by Mueller, who suggested a good scheme - namely, the gene

rating functi~nal method. 

In the.present paper we want to suggest another approach 

which differs from the .Mueller method and allows one to get 

the correlation fllilCtions. Moreover, the physical basi_s of 

our approach seems to be more. visual. 

We call it • 11 jet approach", though the most important . . . . ,, -~ 

is .th~ description of random process .interaction. Such an 

approach. is somewhat not very new; it was .us.ed by: a) .Farry 7-. 
. . . ~ . ' . . ;_ 

for the_ description of the travelling. of high e.J?.ergy electrons 
~ • ·• ... I \. •· ·• 

through,.matt~::;;_ b) it was used for the ~.de.soription of nuclear 

processes ( so called Master Equation APproach) 8 ;_ o) Fuji- _ 
. Q . . •. .• 

wara and Kitnzoe ~ for-constructing a jet model (and we have 
, • • • < 

chosen this name for our approach). 

But in pr.esent paper we.would ,l:1ke to .. show the possibili

ties. of .this, method f.'?r the desoript~o~ .of inclusive processes 

which specifically .differ ~rom _the proces~~s cons~d~red ... 

by the authors, and.in mo:re gene:t:aJ, wa;r.~than, ~._,Fujiwara.and 

Kitazoe 9 • 

In .section I we will consider the basic statements of 

this approach, show how to'write down the Chapmen-Kolmogorov 

equiition~- for:- the inth~ctiori and their· ~orreaponding fiiitial·;;r 

conditions, ana' h~w to -p~ss over 'to the momentum distribution ·' 

equatlo~s, :i.~e.'\o the d~flnitibn· of oorr~lation 'funot:l(ms~' 

In Section II we w1l1 discuss the solutions ·of these 
' ~' __ ,._,_l • • ~~·· ";c':'h .• ~. ~'"-. ·;:: -~~: -~-, .. ~· ~ -

equations for different types of elementary processes 
• '""'''" ,· • • -' ,· • .\ "4 • • • T • ~ ,_:; ·~ • ,J • • 

(production, generation and annihilation). 
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In Section III the correlation_funotions are considered. 

·At first, we will consider the restr1otions on their behaviour, 

which follow from analyticity and unitarity of the scattering 

amplitude, and also the behaviour, satisfying scale 1nvariance 

then we w11l proceed· to the correlation form for each of 

distributions, obtained in previqus se?tion. 

In Section IV the conclusions are studied and. discussed 

in comparison with experiment. 

I •. !!f!.sic stat!!!-l!!l!.Uf jet-allpi.2§.£!L 

The most significant in jet approach is the following: . 
the int~raction process consists of a set of "t'lementa.rY" 

processes, each of which occurs .indepe_ndently and has 

definite characteristic probability •. 

The following system·of the Chapmen-Kolmogorov 

equation can be written down for n-partiole production· 

probability . p :-(:t"). at a ~ime . t . ( · C\.- is a sort of 

particles). , . 

P
. a.. ) _ ~ -\, :·cn.-·t \-bYP.C!-- .t~")-}__,Lh.-:.+ilt) p ~ (*1 (i.l) 

(t - L LA n..-~ I. . ; i'\,. '-+i ""' -t. ... . . . . '' . . . 
t 

where A_,(n.-:. \*:) is transition probab1lity from the state .. : ~ . . ~. ~ . 

with n.- t particles to YL. particle state. The summing is 

defined by the maximum number .of particles of c~ ... : kind 

produced in eleaentary process. Transition probabilities 

depend both on elementary process probabilities per unit of. 

time aDd. on a number of intermediate particles •. so, .. if we• .· 

-havesuoh processes as 

'5 
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.. 
. a.. 

(,L ~ CL + ~ per un1 t. ~f tim~ prob~~~l~ty . 8 i . 
u.--;.g+t• .; .. '-•• 

~- :- ... .q c .... 
<J 0 

-i. 

~ ·-:-:'> ~ +-.cs .. ____ ·! __ ~_..:..., 
q'"-

. j t .. 
a<'- . 
':l ~ 

. (1.2)·~· 
(' ->c + CL ---· ··---. :,. 

.... .,. ... ... ., ' 
then we have foUr transition probabili,ties,_defined as 

·-~-

follows . . . ....,. .: c 

X Ch.;_l\"f) ·~<:i ~c~: 1. )+3"" f.~. P t (-t:)+ a "".i (YI. p\o 
i ";)I. t IC"' 0 . . "'-' . -!C. o." 0 "" . J 

)... (ll. it)-::: o~". '-- r cc~ <f k' p £. (t) +Q'LL~,.,. p ~("t) · 
1 a 1. J ~, ~-. _·. ~< . . <1-~ . "'' · Cl.J) .. ~.:- _,..,.-._· .• ~ ""'=C , 

\ ' ( 1'\t 1 \ +) ::: - q c.:. ( 1\ + .1.) 
-~ d~ 

• 1 ' •t-J 

~-1 (n. (-\-) = ~ 2;. IL .. 

And if we have more kinds of particles, we can define other 
- . . ..... 

transiti'on probabilities. In 'order to !:lake (l.J) complete and 

olosed it is neo'ess~y to u~e the equations for mul11plioi~y. ' 

distributions of ether'·: particles, which can be produced .as a· 

result of an interaction. The boundary conditions on this 

system are conhected•with the- initial particle taken into· 
. ' ' 

account. We can consider the initial particles independently 

of secondaries. Then we write 
... \, ,': 

0 "- 0 ~ c. 11. .--+ c' I ( C:) ::· C . = . , . > . , 

h. · .. ~h. ·• 1 '·/. n.· ·='C 
(1.4) 

this follows from. the· fact. that' at the moment of interaction. 

the secondary: particles- do not'' exist yet •. Adding to (l.J) the' 
.:-. 

following terms; oonnecte~ with the seoondar,r particle generatio~ 

.I 
II 

I 
I 
I 

1 
J 
!I 

. 'I 

by the initial particles, we get 

~ t\.(),... ( p (),... Ll) - D.(\... (+)') 
L- ' 0:. h.-1<:. "--"'-+1. 
K 

{1,.. 

where (\/\. 1<:. 

process 

is per unit of time probability for the 

initial particles ~ i<: CL- + anything 

(1.5) 

(1.6) 

If the initial and secondary particles are of the same sort 
·p(<-

( e,g. Cl.... sort)·, then · l.:-) is the production probabi-· 
h. ' 

lity as a result of interaction, i.e. at the moment t = ·c (1\ ~i) 
( or Y\.+ '2 ) 

" 
CL sort of. particles and the average "true" 

number of c~ sort of particles differ from a number of . . ' 

seoondary particles ( i.e. by 1 or 2) calculated from 

~! = .z_· Y\.. p (L c:~) . The system (lol) for the c--- .. sort of 
~ ~ ' 

parti~l~s and the same systems for .£-' c-. , • • • sorts of 

particles are highly connected, because in ,\_. ( n.·-.: I ·t ) 
. . 

transition probabilities of one sort of particles we have 

the average numbers of other particles. To simplify the 

solution, it is advisable to make some propositions about the 

behaviour of average particles, and then to make bootstrap · 

i.e. to calculate these numbers from the equations 
.....:> , -- pee.. N =....,V\.. (i\1 !'..'' \. 

ll.... L_ h. (o.. ) \: "' • .. .. ) 

r\.":.1, (1.7) 

N~= it-: PI<;.~ C~~-,1\ti~ ... ) 
. K~l 

The ·general character of the behaviour and the shape of multi

plicity distribution weakly depend on the behaviour c~ average 

multiplicities and, thus, we can suppose that almost always 

transition probabilities d~ not deperid on tinle ( exc.ept some 
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special cases (e.g. Fe;rmna.n-gas) when other suppositions are 

available). 

Such an assumpt:l.on is equivalent to the following: all 
processes occur v:l.rtually during the time of interaction, and 

then produced particles turn into physical particles. Thus, 

to def:l.ne the concrete form of the model it is necessary to 

know: 

1) production channels (the sort of produced particles, 

at least); 

2) the number of final particles, produced in elementary 

reactions (one-particle, two-particle, etc. productions); 

J) time dependence of tbe average number of particles 

( N r-.l-t) = Const - is more convenient). 

The first two statements are more important. 

It is not necessary to solve, equaitons for multiplicity· 

distribution in order to calculate the correlation functions, 

because you can calculate them according to factorial moments, 

the equations for ltd!.1oh can be obtained from (1.1). To get the 

equation for the ~ -th factorial moment ol..cl/'< 11. {n- i.) ... (;,.-..:•ij> 

we must multiply both sides of the equation for P ~ ... lt) by 

I\. (. n. -1.) ... ( n- ~ + i.) and sum them from 0 to infinity. 

As a result, we get the linear differential equaitc~s 

. s · _ '"" u... cJ.. r....., u.. c"'"' t\.... · · ~L.:l- (~ .. ,~!., ... ) c;J·rT(~ .. >~i, ... ~,,dc..-·lV.._)v~., ... ) 

where J"({<a~ { N ~) 
) , · .. 

and the coefficient of 

(1.8) 

is some function (most often, Consl) 

-::J.. C ~ J is connected both wi \h the 

creation and annihilation processes only. 
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ll• Some_]2!1§ of elementar~~s and distributions 

!5?ll~-!~~· 

Elementary proocsses can be chosen.in the following way: 

1) creation processe,, i.e. processes in which one particle 

of some sort turns into several particles of the same sort; 

.._ 
(2.la) CL ~ et-·t- Cl.- probability per unit of t:lllle ~l. 

0-·~a .. :-r ic:.L probability per unit of time ca.. (2.lb) 
. '0. d2. 

2) annihilation processes, i.e. 'the processes opposite creation, 
II 

in ~ich one or several particles of a sort are absorbed 
• II 

c\..·~6+ r 1 Gvt- {, ~c --r cl 
1 I 

C\;r ()... .~ C. + c( 

probability per unit of t1me 

probability per unit of time 

g~~

g:C~ 

(2.2a) 

(2.2b) 

J) generation processes, i.e. in which one or several CL-sort 

particles are produced with the help of another sort of 

particles. 

t- (!, + CL- probability per unit of time ao.. 
db (2.Ja) 

~ -b+.9_CL probability per unit of t1me ~~· (2.Jb) 

We can also consider the contributions of several processes. 

It seems reasonable to consider only one-particle production 

and annihilation processes (i.e. in which only one-particle· 

is produced); for ann1b1'1ation processes this approximation 

is quite available owing to the small probability. of simulta

neous double particle absorption (2.2b) but ia creation 
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processes this approximation is justified because of the 

simplicity since the inolusion of one-par.ticl.e creation 

gives satisfactory results (from the point of view of corre
lations).· 

Now, let. us conaider in detail the distributions which 

satisfy different sorts of elementary processes. 

If we have creation processes with only one-particle 

production, and the initial and seooniary particles are 

Of the Billie Sflrt, then (lol) Oan be Written<down as follows: 

0 [ . ~ ~ ~ ~ p lt) =-Q (H+2) P (t)- (~+i) P. (+)] 
n.. Oi "'- h-i . (2;,4) 

·The solution of this system for physical particles (i.e. at 

the moment. of t ="'C ) is 

·p: c•) ~ c~+i) i 2~~~ ( i- e~ ~~~) ~ (2.5) 

If we suppose, that in the initial state we have onl;r one 

particle, then we replace c~~+2._) and (hTlj in (2e4) by 

(Yl+l.) and 1'1..- , respectively, and we come to. 

the distribution, obtained by Fujiwar~ and Xitazoe for one 

pure pion jet. 

We note, that the requirement of jet Uninteraotions, 

used by Fujiwara and Kitazoe to get the distribution in 2 jets, 

is not necessary, because the equation s;rstem for 2 initial 

particles can be always· wrltten down (more~ver, if the 2 

jet formation nocilra in the same volume, then the assumption 
( 

about the'independent production cannot be justified 

10 
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from the point of view of jet approach). Let us emphasize 

once. more the need of adjusting boundary conditions and 

the system of equations for multiplicity distr1 but_ion. To 

illustrate this statement, we suppose that 1f there is no 

IBrtiole in the initial state then (2.4) with boundary 

conditions (i.4) does not have any solution ·at all.· 

Let. us write the average multiplicity for solution (2.5) 

N;1.(~~~.: i) (2.6) 

the dispersion in this casa is 

:iJ 'l ~ 1 ~ CJ ~·-c C e· ~ ~-.::__ i) (2.7) 

A consideration of the pure creation processes is interesting 

only from the academical point of view,·beoause physical 
c,; 

analogue for such proc:ss~~ does not exist. So, we will 

consider the case, When both the creation and annihilation 
r . • • 

processes are possible. We can consider annihilation processes 

in several wa;rs: 

firstly, annihilation processes are the same as creation 

proce·sses but having the negative probability. Then the factor 
(.I... (L "-

~ I. , is replaced by § 1 - ~"' in (2.4) and solutions 

can be written in the form of (2.5), (2.6), (2.7)~ with the 

same change_in·ar~ents. 

If we present the annihilation processes as independent 

ones, then we have the following system (one-particle in thein!:tial 
. . : ' ; . 

state) for one-particle annihilation and creation processes: 

P. ""lt)= -(J'I..+i) ca .... + a C..)· p"' L-tJ,+ rt.. a o..· p "'"lt-J+ . 
h. di. du 1'\.. .1 ~ 1. h-1. 

(2.8) 
+ (n+!l..) ~:- P .. ::i. (+). 

II 
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Its solution can be written as 

p~~") ,(L-~~) ( i _ is~o t~>f ~ _ i~ es :eta~}~:~' 
which coincides w1. th (2.5) 1f we replace tbe argument 

t~ (i- ~'J~"C~~~%_ ~~ .. -~~~+3~~) 
\.i ~~--e._ 

<L 

( 1.- e·- ~1. -c) 

and take the same number of 1n1tal particles. When production 
I 

probability is equal to annihilation probability, (2.8) takes 

the following form: 

h.-
( A._) 

Cl. gi.L n-t-i 

P.._ t·) =ciT 3>) 
(2.10) 

We ·can, consider annihilation processes, using another method. 

Let us assume that elementary annihilation processes, owing 

to their small probability, are realized only from the ., 
ground state! In this case we have 

. ~-,._ (. (\.- "- a. 
II lt)-::- (11.+i)GCLt-llQ ~l p lt)-t- 1'\.-G p (t) r-n. ~ 1. ~ " J "' a 1 h.-1 (2.ll.) 

Then we obtain 

P.!·)=(Y- ~) 3~~~ (Y-1) J:i~(~Y\~2•12> 
where. . . . . , . 

. <j O-_ J 1·- (2(~:~~ ~~ )-c- 1 
'{ =(l~ 'l~ )li- f..e(~:-,~~y<c j 

;, 12 

''-> 

'i ~ 

I 
I 

It also coincides with (2o5) if the corresponding change of 

the argument is made. Thus, applying any method of conside

ration, the general form of multiplicity distribution does 

not c}Jange; it remains equal to geometric distribution, a~ 

for creation processes, but has different arguments. It' is 
(<.

interesting to point out, that 1f we replace ~ i. , by 

/r:''-- G''-) and assume annihilation priority over q (.:.... > (lu.... 
\.OJ.. d"' (J<! <Jl 
then some numbers of secondary particles are forbidden 

(as having negative production probability). In our case 

this represents mathematical apparatus costs, though this 

fact can be· used in resonance description. 

Let ·U~ prooeed to generation ·processes. If in elementary 

processes it is possible to produce only one particle· of 

0- sort with effective probability 

other possible particles), defined as: 

CL lt-) (i.e. by all· 
4:. 

·,!,~. 

(L l-t)=Qc'"' 2._ Vt. P~(t)+Q'L 2_ h1 p e(t)+ 
0.. dt Y\. " <fe ,., ;.. • ·· (2.1.3) 

then for the normalized multiplicity distribution we have: 

p :t+) =- C~~ t+) [Pn.~(t)- p"~L (.+)] 
..: ~. 

As a solution of this equation we have 
.. 

p o..(."C_)' = n-:- N~ (N~) i'l.-
"' c... - Vl 1 . . 

where N "- is an average number of particles 

N-(l_~-s~cA.- l-t-)dt" 
"c 

13 '" 

(2.14) 

(2~15) 

(2.16) 
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Such a distribution is characteristic of thermod~cal 

models, and, thus, the Fujiwara and Kitazoe/9/ requiremeJII: s 

of nenequ1libr1um are not necessary. 

If we assume that 2-particle generation processes eXist 

with the effective probability CLl.C4. (t) , defined as 

CL,._ Lt) ; then we come to the foll~wing system 

P~t)=-0.. (t)[Po..lH- p(L. (t)1- a.. (t)[P 0..{+)- P~Hl(2.17) 
h. 0.. i'\.. 1'\-i 2t\.. h-l h-2.'1 ' 

It:. solution-~s f(/1::·-A}-N,._ N:- A ~ (N:-A+ Nc.) 
p L~)=(l't!) Q ( T). f-lh V-2N1-2A' t2.18) h.' 5 ' Cl 

wbe re H n. (.,c.) are the Herm1 t polynomials N Q.... -the average 

number of particles ani A are defined by the following 

relations 

N -: S'- [-CL (.t) + Ct lt)) c;l.-t = ( 
(L U. 2.«. .j J.. 

0 

't: ~ (2.19) 

A -:: ~ ( N l*)[Ct (±)+ Q lt-) \H + 2_ ( a. Lt-)Jt = .f_ - f 2. J 0.. c... .2.a. j j 2«. <.r2.. <Ii 
0 0 ' 

This ooinoides with the distribution for Fe7DMan-gas/lO/ 

(the second eqUalities-determine the connection with the 

Muel.ler correlation functions/61). There is nothing unexpected 

in our ooino1denoe, because binar7-1nteraotion, characteris

tic fen- Fe11IJII&n-gas ~short-range foroes), is equivalent to 

the pair particle production. 
~, 

How we will oonsid er the top case of gene ration processes, 

14 

) ~ 

when the production of any number of particles, up to 

• Yl- " simultaneously is possible. In this case ~'L--

effective'probabilities enter the equations for multiplicity 

dis tr1 but1 ons: 

P(l..,l*")·=- ~ 0... Lt) [P. 0.. lt)- p "- l+)] 
t'\. L- KC\- t'\.-K"+i. n.-r-.. (2o20) 

K-.::i 

Let K: particle production probability C\. (+-) b 
'<~ e 

connected with 'k- i particle production probability 

in the following form: 

(/..;."-(+)-= 1=".~.(-t) 

CL~o..t+) = ~ t+) (2 .. 21) 

Q l+)=Q l+)- r e · rcn-IC>iJ . 
kO.. (lc- t) 0.. 2. . ' . • ' -k '>,:; ~ 

(K:-1.)! c~-k.-1.), . ., 
where l="i,'2.. (t-) are some functions, e, is the base 

of natural logarithms; r (~.>X) is an uncomplete gamma 

function. Though this connection is somewhat specific, its 

consequences result in experimentally observed behaviour 

of the correlation functions. Using the connection in (2.20), 

we obtain: 

P"-l+)~- ~ (+)[?u.(T)·- p~_ (+)J ' ' 
"'- .1. "' n 1. (2.22) 

- :2_ P ~.C-t-) c- i)t i_ F
2 

t+)( ~ )·· .,1Jt 
; =o- t"'; ~ I V·= ~ . ... v .• 

The .. sol uti. on is , . , . . i<:. 

0 ~ 2Na.(No.-i) ~ [No..CNo:- !)1 
I (-c)::: Q. 2._ .. 

"'- ' lc.:o IC ~ (2.2J) 
,.;:-i i'\,.-:.- i n 2_ (-\) .... e.. ~ Cn-h\~! > t) 
t:() ....... \:) rn! (n -n...:l)! 

15 



' :,, 

'i 
~ I 
;i 

J 
I 

:'! 

where 

N~ = ~~ 
0 

_S (t) J.t 
. 2, 

F'J~-)-~ 
(2.24) 

is the average number of particles. This distribution oan be 

approximated more simply 

CL. r CC) 
r\. 

Q,'l N~ (I~R- :1..) 

YL t . . 
i'L 

[N{l.{ Na.- -i.)] -- i 
N~--i_N"--1 

(2.25) 

which coincides in principal terms with the cz9Zewski and 

Rybicki/ll/ empirical distribution._ Now we will- cons~der 
combined distributions. If there exist one-particle creation 

and one-particle generation processes, then we can represent 

the normalized multiplicity distribution as follows: 

P• c-.{+)""_ ...:c\ c..._ [YL- P.o..(+)'- (n-i J-? a. H·) l 
~ '.at ~ n~ j . . . . ' .. 

-~·(:L l~) [P'\+) ~ p ~ C+)] 
' 0-.: . ' 1'\, • .... -1. --

(2.26) 

The· solution 
~ 

a.. r. · [Cvt-(Yl-i)aa.l ·-So.. .. l·HJ.+. ---a"--cJ~-
P. lA-a_ ... CA. <H.J no (J 4L ) l-c)=. h. "<:_.., j_-Q 2.27 

n. · · · C a~) - I"L! 
'~t . 

coincides by: fo:: . .'m with the. FJ,i)iwara am Kitazoe/9/ distributi

on. If the simultane~us generation,of. 2.particles is possible, 
: . . ' ' . . . ~ 

then we have - · 

P .. CJ.../1). ::.::-a a.· [h.- P.Q.(t)·- (n-1) P a. (+)1-
. '--' ~ i "' 1'1.-1 ' . ' 
~ - ' 

-c~~~) [ P.,c\*-) ~ p:_~~)}-- ci2~*-{P"'-~~+) .;.p~~~*-)J. (2.28) 

.16 

l 

Its solution :is - _ -: . :' :. :Y ."'--p: lc) "': e,d_- rc ~Ll~l+)t- O..,J:+)j J; 1 "jl! . (Mg) 

"'- . -
. ~~~ b-f 1 _r'-[0..- H·) ~~a > Ct)]. ott l_' -- ·'·y~ J -___ e-~~r 
r 0 '( l _) - Cl. ;2 2.C-. J- 'J.. , • _ 

a . . .. . ·- ' ! . - • -

We w111 not consider the combination-with annihilation 

processes as they lead to a shift of the argument in (2.28) 

(2.29) di~tribution~ ~niy)lUt do not; cha~e··_their'forms. A 

- combination of creation and generation processes of J or 

more particles does not seem to -be reasonable, as it does not 

give a"ny import,ant things,' but makes the d1stribut1on more ' 

coinple te. 
J·oo-' 

To sum up: 
~ .... ":. ~. ,;.. . ~ '• ; ; '" :· . ··: ........ ";' •_. ,,:._:·-..-

1) There exist -J sorts of elementary processes: generation, 

creation aDd- annihilation. 
,:. .,, ....:,._ . -- ....... 

2) Creation p;o~esses lead t·a t.he geometrical dist~ibution; 
- -~ :~-.- - ... .,.__ '.:.-:: ,_~.. ......_-: .. _ .. ,~r.- ;;.,:. .:.. 

while generation processes lead -to more sharp distribution 

(Poisson, Feynman~gas). 
... ','t _.;(¥'1'\ i' -,h.;,·-.,_: 

.. , ... ,•.:-, 

J) Three new types of distributions ar~-' found': t~o for combined 
.... .;,~'7 t.- ,: j< - • :".. '.. ; 

processes (creation + one-particle 'generation and creation+ 

two-partici~ '~enerati~~) "ana o~e' for ~~wii gene ratio~ .... ;h·~ 
combinations'with annihilation processes do·n~t lead to changes 

in a 'distrib~tton for_m (-~~~,it's ar~~~nt- is chang~d)~ ""· 
..,,._~ L 

Later we will consider the obtained distributions from -

the point of view of their--fitness to the description of 
'· ... ' . :. 

experimentally observed situation. 
:-:.' ·-· .. • .. ;. ,_· :- ·, :::·~· . t' 

,f,:l"l 
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!I.L ... Correlations in models of Jet appro~ch1 

To characterize the correlations we w111 use correlation 
/4/ parameters, whioh are calculated simply (e.g. ) 

~ 1 ~ L ~\ ~o ~~ = < h > 
64.\ ' ·~··· .. :• 

o L ) dl.S rL .. ~ c· { f ol~~'l. ( .... ) 2.· ~ i-= (Q - v•()i 2.- cr j -( .. =<"' h-i .:>-<~.t"> 
. · ~t~ c,{~1~2. ·M ·~.. ' ' 

. . .·. . . ·., . ' . (J.;l) 

5 S J ~s . ...l.. . ot . \ oil_ . 
~3,;: 6-~L rL·cl..-x: vvcJJ.~2. ~~·- 3J~~ ~i~l_ • ~'l. 

T ·a·-<P·-,J~ . · '<'' 0 2. -~ 

( o\.6- I c· ~ s J5-~j~ . . . 
. ,J T" {,"-'\. - '0 r :.(Y!(n-i)(a..-2)>-~<11( .. -·l)><n>-

.,.. (, () (J -\ot C..(j . . . .. -<!-\':>~ 
From experimental data, obtained recently, high-order-corre- · 

.. "' ' 

lations are considered to be well-established (higher than 

·four, at least)/41. To prove this, there are some theoretical 

specula ti~ns /l2/, which foU~w as fr~ th~ momeil.t~ co~ser-
~·-·. ;"'}·t\.t~'··, '-, .,,,,. ~ ""•.•." '· '.' 

vation laws, so from dynamical effects (Pomeron exchange non-

faotorisabil1ty). Another character1st1c.feat~re ·~f carrel~ 

tion function~ i~ their sign alteratio~with the energy 

1no;ease which ·f~Uo~s from the consen-ation 1il:~s of four 

mom~t~/2/ ~ Besida.,' ~o~relatio~ param~t~r~, '(i~e. · th~ oorre

l&ti~n funo'tion~ 1nte~ated ever pbse ·~~~e) hi.gher than, 
t ... ·, -. I •\1.>' ,,1 

second orde;, have approximatel7 the same magnitude: but 

alter 1n sign.' - \ .,__, :t •• ,, .. "·-}·-

L~t us ~~~~:id~r some 'restrictions'on 

tiona. Using the Froissart theore;./13/ 

·~II 

cor;~lation func-

i 
J 
,[ 
i 
,\ 
!I 

l 

.,. 

I 
I 

·l 

l 
I 
l 
'4 

I• 

'( 
¥ 

! 

t 

r 
t 
I 
" f· 

,'3' . (~) <( ~~ ~( ~) 
-ht .· ... 0 

(3.2) 
-: 

and the inequality- ~ , . . '< 

0 (S I ( o\S" L, · i (' J ~)· ..!... \ 01.... 
:_, 1 ,_)-= Sl.t J cJ.dt Ova,_~ .'i, ~ S'~t ~ ·a 

·= J_ :c·: oto ) Y , 
.'l. . ;::::= 

where ~ · ·.:)-hT 

(3.J) 

~~= L (·~\ J ''{= t ( . .2.. )· 
tyt l.. . 

.. (3.4) 

are rap1d1ties of 

we haTe 
L -th secondary- and projectile partiol~R, 

(.) (s.) <.( 
~ 1 L 

si. h... 
<; (3.5) 

The factor YL appears because of the., identity of~ par- ~~ 

ticles. Inequality (3.5) coincides with the resul't, obtained 
by Logunov et al./14/ 

S1m11arly, for the second correlation function we get 

o C")" s . .1. s'l. (i- {I ~- \ n(~-n · s: '2.. 
~. ~ - - ·v... ~ ) - - - h. = 

2.. .s '2.. ·, <> • :t .S'l.. (3. 6) 

-= :; 1 c sl) f 1 c ~J.) C 1. ~ e~ t. ) -? : c ~J. ) 
For estimation we assume that both particles have equal energy, 
then 

· _?"1.<.~) ~·~··A·f·~c~) •, .. ~ ; ... -'· 

(3.7) 
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where the coefficient ·A is approximately equal to unity. 

The restrictions on the correlation functions of higher 

order are weaker, than experimentally observed amplitude 

constancy of the correlation func tiona; so we will not con

sider them. 

The condition that KNO scaling does exist can be written 

in the form: 

~
'-t2' 

. ~ 

<h)l.. 
Co .... 'b t- (J.a) 

l 
Now we pro;eed to correlations fer diff3rent distributions, 

obtained earlier. 

Eor (2.5) distribution we may write down the correlation 

functions of any order 

~ i "' 1 [ e ~ :--·-c- 1 1 
' . ... ,·: ,, ···. . 

L- a •<-. .:- .. J 2 . ·I.' · ·.z. s\. -:·_:z. ~--~l. -1 = 2. ~ J.. 

. - q•l.'t:' J ~ 3 

~~ = ~-- LQ-~~ ,.- 1, ·--~·-l-~t, (J~g)' 

2.. . . . . 'l . n.,· 
() ·. = -:-L. ( ~~,-1) l(h,-2 · -2) [ n ~ .~.·t:"- 1 J ~ n. e .) 'C.-- . . J • 

\ -.,< !..: .-,~-

Scaling is fulfilled and scaling aonstant is equal to 

·~ ~~,_· = 1.:} 
... ::--

(J.lO) 

~0 

But this distribution has somedrawbacks: the behaviour of 
~ (~ .. "" ' ' ~ ' -~ 

correlation functions does not agree with the experimentally 

observed one and does not satisfy the restriction (J.7). 

CL. CL. c ..... 
The substitution of ·. 31. _ by §

1 
- §., 

(an ac'count of annih1latbn proceises) in (J.9) does not 

change essentially the situation. 

For (2.9) distribution the form of .corkelation.functions 

is analogous: 

i\=~~~~~) [ Q_(S~-~~)10~ .ll 
a~'- . r (Q~ c"')- 1 2.. 0 ~- q 4.-

~'l. "'( ~6-) L e oL -~0 "-J:J -= (1~0 (.) 2. . . 

. ~~... ·ao, . . . .· ~.. ~ 1: _ (J.u) 
. . c'-

(.) "' c~- .1..)(---P-c-. \ r ( ~-2. -2.\ [n (5~-ca:'.J t:' i" J,.,.. 
:Jh. Q'2.. ~L-<a<>J \I .) _) '<...'. -:-: 

For the s.caling' constant we. have . : . 

fi:'• ~
~ ~~- ~v~· 

'·t' 

'" 
(3.12) 

Though the correlation funct.ions of given distribution can 

be put in an agreement with experim~n~al data and tbe con-·: 
. .. . _,_ . 1 ·- . .· ... 

dltion (J.7), the agreement is pos·sib1e in th~ lower part 
of spectra only (i.e. for momenta less than 2G-JO GeV/s). 

It is known,~ that ~orrelati.on fUnctions fo'r·.:Poisso~ ,, · · ' . 

distribution equal zero, though the 'sci.lirig is ·fUlfilled.-, .. ,~ •: ' · " 
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For Feynman-gas (2.18) distribution correlation par~ters 

are :1:" 

0 = s [- Ci .. li:-)+ Q l*-)J J+ 
~ 1. a. l.Cl. 

0 - " 

o ~ 2 s-=L __ a. .l+) + Q ({-)l Jt. s-+ ca. lt-J.) +- Q (1_)j dt-
~ 2. Q 21).. j ('~ 2.Gl ... 

0 -· 0 

-1 -~""\:; [O..ClL+)+-0..2.lt)-1J+ r-+2 ~"t;o..2~(+)olt-
o . 0 

) T . l ~t- J (J.lJ) o = ~-- L-o..L-t-)+q_ Ct)J.a\t [ct (-t )+a. l+ )] u • 0 ~ 1o o.. 2.£l. .__ a. 1 
2

" 1. "n:
1 

0 Q I 

• r_ t~[-Q l-t,_) T Ct (\_)] uH. + 6 (C"[a. (+)+a.. U-)lc.Jt 
,_) 0. l.CA 2.. - ) Q. 2Gl 'J 

0 . . 0 

t- - - . ·T i:-- . 
. ·s Q ( \_) cJ ti + 6 ~ (,l ( {-) Jt ( [o.. (+ ) +-a (\)1ott-

-, l.o-. 2Gt ) Q. 1 2.~ ~ l. ~ ~ 0 

-{ \"C[tt~l+)+ o..,.l+l1olt .~ ~- (, . \"' [ct,,Hl + 
0 - . 0 

. +a. l -t-) -]cAt .1 ( i::L_ a. H-)+ a. L+)j~ r -tL_ a. (+.J ~ . 
2.0.. l_ ) 0.. 2GI. ; .) ~ . 0 

'0 -

· +Cl2I+~ Jol\~ ~ (, ~ '[a)+l +n,..l+JJol+{1~,i+JJI;j 
Q 

..... 

When Clo.. H-) and ~2.1)..·(~) are po],ynomials in -/; 

the expressions are simplif1ed 
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--.::-

~ 1:: _) [ Q(i. ~) + ~.tG\(+)_1 Jt 
0 

5\.:: _,_ .\ "C ()._).(\. ( ~) 0\ t 
Q 

0 . 
-L~ == 0 > 

'":) -:::::.0 
-.}!'\,;>!~ 

(J.l4-) 

The distribution has two independent parameters, so the beha~ 

our of the first and the second correlation parameters can 

be agreed both w1 th restriction (J. 7) and w1 th the scaling 

but as it was pointed out,' the-distribution has the lack 

of correlation functions h1g_her than the second orucr. 

Thecorrelatbn parameters (2.2J) can be presented as follows 

~ :: 'N ~ s "C F2.l~) <'~t 
.j l. (;.. 0 \=' ({-)- ~ . 

1 2. 

0 '2.. ~ '-=;:) __ ':) 

v'l.. Jt .:L-..:.1. (J.l.5) 

s .... =(-1)M~'2.. 
This agrees with experimentally observed behaviour of oorre-

. - . ~ 

lation parameters. The v~ ue [ :b ~ 11 >.._ j ~is equal to 

r----:--:["' 

\J ~ ='12-..l :)-J..· 

~ ~ ... ->~ ~ 2. ~ l. 
(3.16) 

i.e. the scaling is reached in assymptotios only but the 

value of thescaling constant does not coincide with that, 
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obtained by Koba,Nielsen and Olesen for their generating 

functional/ 51. Condition (J.7) for this model also holds. 

For distribution (2.27) the correlation functions are as 

follows: 

0 ::. 
..li 
~ (0~~'"-c_ l J 
~: 

~, ... = s·c-Cl tt) o(t-
" "- J 

_;-\ = ~Ji "- ( r 'J :-c _ 1 \ ..,_ (J.l7) 
C\ <'- '-. .) ' 
rli.. . 

• , ,.._ M »·-~ q . ) (_ 
?n.-:: ~ (•··-1-)~ ({; <jj_·~-l) z. (- ~ ;, 

a i."" ~;/... 1:. .. dL . 
They agree with experimental data only with annihilation 

processe,, taken into account and under condition that annihi

lation probability is larger, than creation probability only 

in the region of nathigh em:gies. Next section will be de

dicated to (2.27)-sort of distribution, which describes 

processes of diffractive dissociation kind. 

The existence of the scaling for (2.27) can be illustra

ted as follows 

l;b'l.., ·N. \ -. =,11-t- fu -= Ctk.%+ 
\ <h>2. ~ . <J<'- (J.l8) 

Condition (J.~ is also fulfilled. As it is known, diffraoti-

ve dissociation processes give small contribution with energy 

increase, so the behaviour of correlation parameters (J.l7) 

can be agreed with experimental ones at high energies. For 

24 

(2.~) distribution there exist .correlation parameters, which 

differing from () in any order, are too unwieldy; so for 

the first three equations we have: 

(:) -= £ L [e s~ _ . .i_ 1 
.)i Q"- l 

a L 2.aa.."C' L .f.. 
'l. £2. . <1 L J"2.. "'C" ~ 

s\.-= ~ ~J + 2c~~)'l.. e. - ~:--- 2.c~:)'1. (J.l9) 

c : - ( Q )~ [ 1 t- '2. ( S1 ~ \2. + 2. ~ ~ f 2 + ·, 0 5.:-- ] -
~?;, _Ji. .:, fi J .. .3 ( ~.):. ' J fJ. 

_q o _ n2.~~c- [.f.,_+ 8(. ·h .. _ \'2.1 + IJ ~;_'--·.: [·2 :h .. _ 
J 1 J 2. -v <a~ a..._ J J \:::_. · c ··~)2. 

• (:JJ. - ~J. 

. (:h. ·)"2..] - f 1 f 2. -+- !} .f 1 t:-c 
- ~7 · c~~)2 3 c~:)'l.. 

't 

j- = ~ 5 [-a. (t)+Cl l+)]oit 
~ ~ • ~ • 21\. 

"'C" 

fl.=~, 50. L+)olt 
0 2~ . 

0 

From (J.l9) it is c~early seen, that the correlation functions 

have correct 'sign alternation. 

Three free distribution parameters allow us ~o coordinate 

the behaviour of correlation parameters with experimentlally 

observed ones. 

The scaling condition 

- ·+- ~ -t- ~- ~. -'jt._:.. ~ [ 

L L ('. i a..._.}~ 

l.-
1 .2.-.t~ Q.-.tt.~~ .2c~:s~- <~ ">2. 

(3.20) 
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:i:s ':fulfilled as~ymptotically at high energies. (.3.7) is 

als·o fulfilled. So, we conclude: 
J 

1) Experimentally observed existence of the correlation 

funo t1 ons up to YL· -order satisfies the distributions, 

which include production(aDnih1lation)prooesses and sometimes 

generation processes (when the simultaneous production of 

any number of particles is.possible). 

• 2) Distribution for pure . c.reation proce~~es gives 
correlation functions which differ from 0 in any order, 

but th~ir behaviour cannot .agree with exper.1mentally observed 

distribution. 

.3) Combined distributions of creation processes with 

annihilation and creation processes (fragmentation),with 

one-particle generation give correlation parameters which 

agree with experimentally obseried behaviour in the region 

of not very}high-energies (up to 20 GeV/c). The scaling for 

such a distribution exists. 

4) The top case of generation processes, combined ·crea

tion ~rocesses and two-particle generation give a consistent 

behaviour .. of C()rrelation param!!ters in the whole energy 

interval. 

Here the scaling is achieved onl,.-,, ;ts)'lllptotically. 

;::26 

f.:£3. _£ompari~~ 1;.!t,exper1ment ani discussios. 

To compare distributions, obtained earlier, with exp~riment 

it is necessar~ to attach. some physical and practical meaning 

to probabilities of "elementary processes". We will use the 

approximation by physical processes, i.e. elementar,.- processes, 

probability CL ~ C\.. + 0- is assumed to be equal to the 

probability of physical processes a_+- I?>~ C\..·t- Cl r C. 
(where ~ am c.. are target particles before and 

after interaction correspondingly). 

3 ~-c -=- ~ (o..+ B ~·a.+ Q t- c) 
r:ft-e-\ ( 0.. B ") 

~o..-c-= cs-(t-t-~ -">~·t-o...+c) 
t ~ . 

'V\-o-t tt &) 

(4.1) 

Though this method allows l\S to calculate all the unknown 

distribution parameters, its applicability is.not quite sub

stantiated. So, when possible, it is necessary to calculate 

elementary pro~ess probabilities from such equations: 

p<\.L") 
0 

= r:l &. C AB) 
6 (A~) 

M 

(4.2) 

where A and B· are initial particles. The given 

relation (at first used by Fujiwara am Kitazoe/9/) satisfi~s 
any sorts of elementary pro.cesses •. The only drawback of such 
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an approach ~s that we can wr~te down as many relat~ons (4.2) 

as sorts of part~cles obtained after '"!:he interaction, 

w~le in models there are often much more parameters. 

One more ~pprox~tion may be proposed for the elementary 

process probab~~t~es.From Regge analys~s we get, that these 

probabil~ties must be linear functions of rapidity+), ~.e. 

~ ~-c -= cl. i '(' ·+- f6 i 
- (4 • .3) 

... rCL"-L\-)~l: = ~l.Y+- ~:L 
0 

etc., where y, C. (h.t:f>.,J ·. 

Though the number of parameters doubles, ~t allows us to 

calculate the approx~te energy behaviour of the d~str~bu--- s 
tion. The average mult~plioity dependence on energy for all 

srts of distribut~ons ~s. close to that experimentally ob-

served: 

distr.(2.6), (2.8) 

d~str. (2.10), (2.15) 

(2:18), (2. 25) 

d~str. (2.12) 

distr.(2.27), (2.29) 

where 0 ~ ..,/.. "E: C. S' 

ol N '"' ,<; I c._ 

N CA.-~ e\, (~'") (4.4) 

.,t.,r, (s) N ._ -~ s _ -(., ;;.: , (~ ) 
--(s. )-~ iJ c... 0 N._- L s. .,. C..(~.) 

( ~ 0 ~ 1 

+Jnapidit;-;;;-th;-;lrst t~me-was used by Chern1kovf181 

for the analys~s of events in the momentum space. 
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'All the g~ven distributions do not differ much. The 

dist~butions, which include creation and ~hilation pro

cesses, are somewhat wider thAn Poisson distributions ( ~.e. 

they have more low and more wide max~um). The distributions 

which take account of several p~ticle generation s~ultaneous

ly, are narrower than Poisson distribution ( the max~~~ is 

more sharp), moreover, the distr~bution becomes nar~ower with 

the increase of simultaneously generated particles. However, 

even in the l~~ting case ( when simultaneous generation of 

any number of particles ~s poss~ble) the distribut~on is 

not so narrow_ that we canno~ define using any calculations, 

what d~stribution ~s in the best agreement with experiment~ 

There is one more poss~bility to compare the prediction 

with experiment. Excluding unknown parameters, we have 

obtained.certain sum rules which connect topological cross

-sections. These sum rules for interactions, includ~ng vario

us kinds of elementar,y processes, can be represented as follows; 

annihilation and creation processes 

-(distributions (2.6), (2.8), (2.10) 

G . fi = G" ·J. 
i'\.'"l r\.'t'l. n.. 

one-particle generation ( distribution (2.15) ) 

(n.?-- i ) - r:::- - - ,-;::;: 'l. 
-'0 '\..) -'J 

:1. 1'\."'i. l'l.+l. rl. n. . 
two-particle generati_on ( distribution (2.18) ) 
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'2... 

~
(n- i) 

2. (' c;-"' +- h+i)(L->-2). 5".,._2·")n.·t-i. 
r-;- . ,- 1"1. = ,.._ 
. J ... -J. ·:> .... ~ 1 - ·:) ..,_ ;) '"' - i. 

,..._ 2.lj (n+2)(~->-..l.)_;-,.'".2.·~ ... -t = (2.n+i)+ ~ 
+ ) - ~ ,., ... i (h+i. "').,.·.J ...... 1. 

the limiting case of generation 

-t-

(4.7) 

"?) h+"2. 5""" -L 

::>..,+1 s-.. -1 

(distribution (2.25) ) 

(r,+-1)5" 
1
-'5 

n+ '"'" 
c- r-

n_ a .._ -_ J '"'- i. 

h. S" - '5" 
... h-j_ 

(4.8) 'c:-
(~A-i)5 ... - Jl-l-2.. 

the combination of creation processes and one-particle 

generation 

( ~ + i) 0""' H. ( V\ -1) 0"' _ i. • _ '2_1'\.. - (4.9) :J...._ ~+ ~- --i'L "5..,_ (h-2) 0 c .... -·l) '-) ... -2.. ...,_i 

When creation probability becomes small, the last rule turns 

into (4.6), when generation probability is small, it turns 

into the following 

(n.'l.- i) 
-:-r· 

I'\: 
6""" ... 1-i. 

6""..,_ 

1-"'\... 

(n- .l) 
Sn.. 
·-;:::-
c..__:l. (4.10) 

where 6 n... is any sort of n; -particle production 

cross-section. Besides, the well known Regg-. sum rules/15/ 

are fulfilled for all distributions:· 

'l. 
~ (1\A)-6" (B~j ~ () ( 1\B) (4.ll.) 
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where A and B. are. initial. particles • The fulf'ilmen t 

of this rule i13 conne.cted _y1:L:th factorization ·of elem-entary .. , ·, 

process probabilities over.dif'ferent sorts of incid~nt 

parti.c~ .e s. 

llli.2r:L£2!!21ill!!2.!!.!! 

1). Th(t b~haviour of the average r.mltipli·6-1t.y for all 

distributions agrees with the experimentally. ob~:rved . . one. 

2) Regge sum rules are fulf'illed for all distributions. 

J) Some detailed c:-;~culations are needed to. compare· 

multiplicity distributions wi~h experiment and to choose the 

most adequate one. 

v. ~~!!.2 

In the present pa;:>er we used some results, obtained 1 n 

previous studies /l7 I ( where some statements are concretized 

and some models for certain sorts of interactions arc studied, 
' -. e.e. NN--interactions with consideration.~ concrete types 

of elementary processes). 

In the given paper we wanted to show the possibilities of 

the jet approach (i.e. the·random process approximation) 

but these possibilities are much wider. 

It would be intcrest:l.ng to research the -possibility to 

use conditional multiplicity distribution for the description 

of inclusive processes, i.e. such functions, which Will 

simultaneous!~· describe tr.e distributions of'· two or more 
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different sorts of particles. The possibility to research the 

correlations between particles of different sorts (though 

the usual distribution functions, which were used in the 

giv.en ~~pe:r,are available for correlation research between 

one sort of particles onl~ is very important o The first 

steps along such a research have been already made ( a model 

of N N -annih1lation into pions, kaons and hyperons bas 

been obtained where the distribution of charged and neutral 

pions is described by the same function)/l7/. 

The second approach is the utilization of the random 

vector, but not scalar distribution fUnction. In this case the 

elementary process probability is a random quantity. So the 

multiplicity distribution can be represented as the Venezia110 

amplitude.ll7/ 

/ 

~ "· 
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