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Ef_lnternal degrees of freedom..In thlS connectlon, we .

“‘chalculatlons performed in the framework of the quantum

";Jg_;;‘nl;l ;Introduction\'

“In’ recent papers, 1n theoretlcal explanatlons of

':?hlgh—energy strong 1nteractlon processes a tendency has‘pf”‘

s

“appeared to con51der hadrons as a’ comp051te system w1th

i""should 1nd1cate the droplet model/ / the parton model/z/
jand the- coherent state model/3/ S \“‘"J

"

In the coherent state model it is suggested that

oy
pes

“the hadron states in strong 1nteractlon processes at h1gh
energles correspond to the coherent states of a complex

system the exc1tatlon spectrum of whlch 1s descrlbed ing

' he slmplest case, by the four—dlmen51onal relat1v1st1c

’fosc1llator. It is- remarkable that the coherent state mo~‘

"del predlctlons are ln qualltatlve agreement w1th the

«‘fleld theory model u51ng the approx1matlons whlch reallze‘
.ﬁthe stralght llne path conceptlon k ' ‘

The coherent nature of the hadron 1nteractlons lS

also shown 1n recent papers on the strong COuPllng theo—';”"

/5/ /6/

and dynamlc comp051te model




) The approach based on the coherent state model and
the straight~ ~line path conceptlon, has been applled to
the study of the general regularities of multlple partlcle
'productlon at high" energJ.es/3 +4,7,8 9/ , ' 3

One of the main results of th1s approach 1s the pre—’

‘dlctlon of the automodel- character. of the asymptotlc

“behaviour of strong partlcle interactions at hlgh ener~ v
‘fj.gles, wh1ch 1s characterlzed by definite scale relatlonsgl‘

g between the cross sectlons for these processes. of 1mpor—1f

ntance are also the follow1ng consequences of thlS ap—JE

proach~ linear dependence of the average mult1p1101ty

'upon the squared momentum transfer in. the dlffractlonal

'dlssoc1at10n reglon' generallzed Poisson character of
the secondary part1cle dlstrlbutlon wh1ch 1n the gene— -

‘ral case, is deflned by a superposltlon of - the P01sson

Jifunctlons, posslble ex1stence of a 51mple relatlon con-'
V:nectlng the asymptotlc behav1our of the average multl—

p11c1ty w1th the total cross sectlon and the slope para—'.'
< A(s)

+ c

;;}meter for the dlffractlonal peak <n>=cy- P

7 tot :
Recent experlments at the Serpukhov accelerator _
have revealed a unlque possibility of checklng hlgh-ener—
gy multlple part1cle productlon models. However, to ;%
obtain a direct fitting of theoretlcal constructlons to .
,experlment it is necessary to ‘take 1nto account ‘the 1so—t7
-top1c structure and the partlcle charge which are usual-.“f

ly dlsregarded in the qualltatlve conslderatlon. ’;;’A



In the present paper. an- attempt 1s made to conolder
multlple partlcle productlon at hlgh energles u51ng the
_ results and 1deas :which: follow from the. coherent state%
‘and f1eld theory models: 1n the framework of the stra1ght~,
llne path approx1matlon. 3 o

2. Multlple Plon Productlon Modelaa

At present there is a number of models and emp1r1cal :

approaches (Chew - Plgnettl, Wang, Czyzewsk1 “TRYblel

/lO l3/

Gr1sh1n et al.)’ to the descrlptlon of charge re—'

latlons for multlple partlcle productlon processes.'“‘

The most useful “in ‘the analy51s of experlmental data1'¢d 

1s ‘the’ Wang—I model/l /.'It is based on the assumptlon -
about ‘the stat1st1cal 1ndependence of charged partlcle
palr productlon. However, ‘the comparison of this’ model
v w1th the experlmental datavobtalned from the Serpukhov

two-meter propane ‘chamber irradiated by 40 GeV ‘7= mesoné /

~shows ‘that in this. ‘model the average number of charged

f,qmeson pairs in’ 1r‘pand mn 1nteractlons is dlfferent

wh1ch generally speaklng, contradlcts the 1dea about

'? 1sosp1n 1ndependence.,

Nowywe con51der a’ plcture of multlple partlcle pro—
ductlon 1nv" p'and 7 n ‘1nteractlons the mechanlsm of ’
wh1ch 1s the statlstlcally 1ndependent palr productlon
x/

(ﬂ+n Thus,‘the d1str1butlon over the number of

charged partlcles has the P01sson character. Accordlng

X .
: /For 51mpllclty,the strange partlcle productlon is ..
not con51dered here.



to. the'assumptien about- Statistical'ihdependence,‘the‘
average ‘number - of these pa1rs should ‘be - 1ndependent of
"~ the sort of collldlng (1ead1ng) particles and 1s thus
1dent1ca1 for = p- ‘and 77 n c0111s1ons. _b o '
o We also suppose that in the process of c011151on
- the 1ead1ng nucleon can be dlssoc1ated into a plon and
a. nucleon w1th local charge conservatlon.; )
‘In th1s p1cture we are deallng w1th the follow1ngv
.dlssoc1at10n channe1s°i,' ‘ : ‘
' 1) N - N
'2)_'N‘_, Nno }with a probability Lt
3) NN’ ‘nt w1th ﬁ probablllty

- The condltlon of probab111ty conservatlon ylelds the ;

"jrelatlon

a + B =71.“' 1 ()

/Accordlng to our premlses, the mult1p11c1ty dlstrlbutlonﬁigr
is for 7f p colllslons ' ‘ -
}1¥v - ;>,,=7 i . ﬁr —— . o

s W";t (” 1-’p’)_ _P‘A(n_*_—'Z)(a)v SRR () e ld

for 7 n collisions .
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where a is the average number of "’Tpalrs and P (A) lS

. —a- A" -
_',the P01sson factor P (A)—e 7 A o -



5
3

.As it folloWs from egs. (2).;and. (3)., the average'b

1number of charged part1cles can. be presented in the form~-

M< n, ">' =< E‘+ >+ 2a-n ", : L L (4)

~ where o T ' .
<t > =2, S 5)°

£ 7S . . = ; (5)

’<E+ > _"‘v= a +;3B = 1 + 2[3 _ l :(6)

fHere f+. is the number of charged partlcles among the
‘products of d1ssoc1atlon of collldlng partlcles.' '

viFrom here
8‘"»-'%'<ﬂn+> _‘—.<nb+ > —-a—,B—-I—Zﬁ (7) .
L . P

1+
1
3

On the ba51s of the formulas derlved it is: not dif-:
;flcult to calculate the d1spers1on (D = <n2> - <n >2)

D _ = d4a, | ey

_c,
it

_ ‘4a + 4af . " ' o (9)

:okThe slmple p1cture suggested here may be used for the’

"[comparlson w1th exper1menta1 data. The subsequent sectlon‘ii[h

kAlS just deVOted to the comparlson of th1s model w1th the
‘experlmental data from ‘the- Serpukhov two—meter propane

) ,chamber.
3 Comparlson of the Model w1th Experlments
'*‘,on 7 Tp and. 7o collls1ons at p=40. GeV/c ®

The experlmental results on the d1stributlon of

events over the secondary charged partlcle multlpllclty

in pc=40 GeV colllslons are well descrlbed by the Wang—I s



- mode

1/14/ other models (Wang II P01sson,'etc ) are com—z

ﬁif pletely excluded The results of flttlng of the dlstrlbuJH

tlon over mu1t1p11c1ty (Wang—I) are g1ven in Table I.

- Table I. ;
~ Type of" : Number - . - 5 S ,:er 2 A ‘Degree of-
~:’interaction of events . : o X freedom
CmTh T .4400¢ - 5.62+.04 2.75 8 i FR
7T 1860 - 5.32+.07 2.82 13 R b
7 n fit by the suggested model R,8.5‘ﬁ_i '

- "It i$ .seen from the table’ that the descrlptlon of ‘the 7 7n.

interactions is worse. However,'ln the Wang- I model 7%‘_¥f ,

77p

' ~,‘=1_(,,_»-__2) =1.81+0.02 -and - - S, ~172.1640. 04 i.e.
the average number of pa1rs is different.. B : I
' On the bas1s of the above cons1derat10n, the suggest-~
fded model was used for descr1b1ng jOlntly the mp. and 7= '

1nteract10ns. Here the average number of p10n palrs 1s

the Same for both "‘p andirhh 1nteract10ns and is d1rectly.«ﬂ?

'determlned from the 3 pc0111s1ons (4 5. 'In our case

a —1 '81+0.02... The parameters % and B can be determlned

by flttlng the d1str1but10n (3) w1th the n g, c0111s1onSfu-Auw

at the. same energy. The comparlson has g1ven the follow-
‘51ng values,é T o i e f
B =0.36+0.04. .




Wlth these values of the parameters a and B eq (7)

fwglves Bn =0. 28+0 07 Wthh c01nc1des w1th the experl—/'

' mental one 0, 30 + 0 08 The degree of agreement between

\fftheoretlcal and experlmental dlstrlbutlons for the 77 n

',1nteract10ns was’ found to be the same-as for the 7 p 1nte-;gf'

;Zractlons (see Table I and Fig. If/

g
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: Thus satlsfactory agreement between the- suggested mo—;“’
‘gdel and’ experlment makes p0551b1e the follow1ng conclu— - L
sions: L ‘ . . S

caJdrta) meson'pairs produeed in the 77 p and &?ndcolf7

~lisions have the same characteristics; - -

“ /When flttlng all the parameters were consldered to s
»be free- the results. within the‘errors have co;nc1ded o

t
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