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'In fecent pap~rs> in:·theoreti.cal.expl~riations of· 
'. . ' .. ' . . . .. ~. . ' ~ ~ ~ . ', . . ~-~ _; . 

. :,high":.::energy:·:strong interaction pr6c::esses, a tenden·cy has .. · 

:a.~peaied. ·to consider. hadrons·as ·a ·co~posite 9Ys.tem'-~i-th:ii .. 
· .. i~~errial degre~s of freedom. In .. this c·ori~~·~ti'ari, we. ·..: 

.. 'should' indicate the dropiet m6d.e·{/l/.,. the p~rt~h ·~od~l:(2( 
and -the. c~~erent statk ~odel/ 3 /. . . ,:· 

•• • .> '" 

In the coherent state ·model' it is suggested. th.cit .:-:::: 

the hadro~ ~tates in strong int_eraction processes at ~~-~h · 
energies .. c_orresporid ·.to the coherent . states. of a complex 

system: th'e-:excitatidri spectrum ()f .. which· .is describ~d;' in 

the i:;ii:nple~t. case,·. by. the four-dimensional relativistic 

oscillator. It is . remarkable. that the coh~rent stafe~ ·mo- . · 

del pred.icti.ons .are in qualitative ag;-.ee,'I}Ient .with the· ' · . . ' ~ . .. 
... ;calculations performed i~ the.fral1lework of .the quantum 

field theory model, using the approximations which realize 

the straight.~l.ine ~(l~h conception14/.. . .. 

,The coheren.t nature of the hadron interactions is 
1''',• '.' • . ' ·' 

.,.· also ·~hown in recent papers on the strong coupling theo

;y/S/ and dynamic composi~e model/G/ .. ~ ) ' 

., ,; 

.• 
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The·approach, based on the cohererit state .model and 

the' straight-line path conception, has been applied to 

the study of the general regularities of multiple particle 
production at high energies/3 , 4 ,7,8,9/ •. 

One of the main results of this approach is the pre

diction of the automodel· character of the asymptotic' 

be~aviour of strong particle interactions at high ener

gies, which is characterized by definite scale relations 

between the cross sections for these processes. Of impor..:. 

tance are also the following consequences of this'ap

proach: linear dependence of the average multiplicity 

upon the squared momentum transfer in the diffractional 

dissociation region; generalized Poisson character of 

the secondary particle distribution which, in the gene-. ' ' - ' 

ral case, is defined by a ·superposition of . the· Poisson 

functions; possible e~istence of a simple relation con

_necting the asymptotic behaviour of the.average multi

plicity with the total cross ·section and the slope para-
. A~ 

· meter for the di~fractional peak < n ·> = c 1 a + c
2

• 
' fut 

Recent experiments at the Serpukhov accelerator 

have revealed a unique possibility of checking high-ener

gy multiple particle production models. However, to · I 

obtain a direct fitting of theoretical constructions. to 

experiment it is necessary to take into account-the iso-

. topic structure and the particle charge which are usual- ' 

ly disregarded in the qualitative consideration. 
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. -:r~ t~e. pr~~-ent· paper .. ~n _attempt is mad~ 
. multiple· particle p:t:::oduction a:t high~: energie 

< .. • - - • • • • ~ -· • ,, .. ··-·· •• • "·• <' 

results. and .,ideas_;which,follow: from the cohe 
':._.· ;. ..... _ < :·-' : - •••••• ?" ••••• "'....... . • • • .. • 

and field theory models in tpe:- f.ramework of 

line p~th appro~ima~ion. r:· ~ 

~ . -.. 
•;_,.,, -.11 ,;--; 

2. Mul:f;iple·?ion Production Hode 

'At" present· there is a 'number of models' 

approaches (Chew - Pignetti, Wang, Czyzewsk::l 
. h' ' 1 )/10-13/ h d . . . ·. 

Gr~s ~n.et a • ·to t e escr~pt~on of 

lations for mul~ipl~;p~rticle producti~n-prc 
.; ·The most useful'f'ri the analysis of expe 

'_·is the· Wahg--I mod'el/lO/~. I~ is ba~ed ~·on .ttie 

about the statistical independence of charge 

pair. produ'ction. However I the comparison of 

with the experimental data obtained from the 
c ~ !..; . -~ ., -. .;..- \'--- : • . ". . .,_ 

two-meter propane chamber·irradiated_by 40 c 
. ' ' 

_shows ·that in this-model the average, number 

meson pairs in 1r- p and 11-n interactions is c 
" . - ~ . -~... . .. 

which, generally speaking, c6ntradicts the j 

isospin independence. 

Now,we cons~der a'picture of multiple 

duction in 11-p 'and 11.-:- n interactions the mec 

which-is the.statisticaliy i~~ep~ndent pa~r 
( 11+ 11 -) x/. Thus,. the distribution _over the r 

. . - r . • ' ~ -· 

charged-particles has the Poisson character. 

x7For simplicity,the strange particle f 
not considered here • 
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. multiple:·,particle pr,oduct,ion at high~: energies using the:.· 
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results' and .. ideas c which.,.follow: .from the ... coherent state 
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··and field theory models. in the:- f.ramework of the straight.:.. 

line :P.~th appro~imation. 
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·'At' present· there is a number of models'· arid ·~mpirical 
1:.. • • " • • 'i .... . '; .r~. : 

approaches·· (Chew - Pignetti I Wang, Czyzewski · .. ·· Rybickl; 

Grishin.et al.)/l~-l3 / to the descripti6n of charge re

lations for multiple particle production proces~es. · ·· ·• 

.. ·The most useful in the analysis of exp~~imental data 

is t·he· Wa,fig--I ·model/lO/,. It is· ba~ed 'on the ~~suzriptiok· . 
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. about the statistical independence of charged particle: 

_pair production. However, the comparis6n of this inodei· 

with the expeiimental data. obtained from the Serpukhov 

tw~-met~r ·p~~pane ~hambe~ iJ:"~~di~te.d _by 40 Ge; 17- meson§14/ 
.I 

v··.; ' 

.,. .. 

shows that in this model the average number of charged 
'\.., 

meson pairs in 7r- p and 17-n_. interactions is different 
-: .... 

which, ·generally speaking, contradicts ·the idea about· 

.... isospin independence. 

Now ,we consi.der a· picture of multiple part~cle pro

ductiqn in 17-p and 17.- n interactions the mechanism· of 

wh-ich is the. statistically indep~ndent. pair prod~~tion 
( 17 + 17 -, x/. Th}l~.' the distributi?n .over the number of ... 

charged particles has the Poisson character. According 

x/For simplicity 1 the strange particle production is 
not considered here • 
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to the assumption about-statistical independence,-the 

average number'of .these pairs should be independent·of 

the sort of colliding (leading) particles and is·thus 

identical for 11 -P and 11- n collisions. 

We also suppose that in the process of collision 

the leading nucleon can be dissociated into a pion and 

a nucleon with local charge conservation. 

In this picture we are dealing with the following 

.Aissociatioi channels: 

1) N .... N 

2) N .... N-_11° I with a probability 
+ 

3) N -+N'rr- with ~ probabi.lity 

The condition of probability conservatio.n y~elds the 

relation 

a+f3=1. (1) 

According to our premises, the multiplicity distribution 

. is for 11 - p collisions 

wn (11-p) - ± . 

for 11-n collisions 

P~(n -2/a) 
± 

~-A.-.·~,..--... -""'~-:"='0:"~--""~------... -·-=-"""----·>-... ,_,__..--""",...":"""-..... ""~·..o;~•·-- 'J·-------·--'"'"1"--~- --~~''''<. . . . . - \ 
]

.• . . \ wn. (11-n) = a_PIL( I)(a) +f3P.L( -3)(a) ,, 
. + . ·~ 72 "+ - ll "± .. ,.,-" 

! - -~~-=~~-- ·: .. ___ ,_~:::- ----~~-~-_;_~-~---~ 
. . + -

where a is the average number of 11 11 pairs and 
. .·. - .. -· . -A- A" 

the Poisson factor Pn (A)= e --,-. 
n. 

. (2) 

(3) 

p (A) 
n is 
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As it follows from eqs. (2L and (3), tl 

number of charged particl~s can be presentee 

<n •>=<f >-+-2a,·. + . + -

where 

<f 
+ 

·> 2 , -
11 p 

< f+ > _ = a + ·3 f3 = 1 + 2 f3 • 
- 11' n 

·Here_ f± is the number of charged particles 

products ·of dissociation of colliding partie 

From here 

on =<n+> _-<n+ >_=a-{3=1-± - 11 p - 11 n 

On the basis of the formulas derived i1 
. . 

ficuit to calculate the dispersion ( D = < n 2 

D _ = . 4 a., 
11 p 

D _ = 4 a + 4 a {3 • 
11 .n 

The simple piqture.suggested here may be usE 

comparison-with experimental data. Tpe subsE 

is just devoted to the comparison of this me 

experimental data from the Serpukhov two-me1 

chamber. 

3; Comparison of the Model with ExpE 
on r. - p · and 11- n · collisions at P = 

The _experimental re~ults on the distr: 

events over. the secondary charged _particle I 

in pc =40 GeV collisions are well described 
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As it follows from eqs. ( 2 L and ( 3) 1 the average 

number of charged particles can be. presented,in the form 

where 

Here . f± 

products 

From here 

<n •>=<f··> + 2a,·. . +' + 

<f 
+ -TT p 

2 ' 

< e+ > = a + .·3 f3 = 1 + 2 f3 • 
TT n 

is the number of charged particles among 

of dissociation of colliding particles. 

0 n± =<n+> _-<n+ >_=a -{3 = 1-2{3, 
- TT p - rr n 

(4) 

(5) 

(6) 

the 

(7) 

On the basis of the formulas derived it is not dif-. 

ficui t to calculate the dispersion ( D = < n 2 ·> - < n >2 ) 

D _ = , 4 a., 
TT p 

n· - = 4 a + 4 a f3 • 
· TT n · 

car. 
(9) 

The simple piqture'suggested here may be used for ,the 

comparison with experimental data. The subsequent section 

is just devoted to the comparison of this model with the 

experimental data from the Serpukhov two-meter propane 

chamber. 

3 ~- Comparison of the Model with Experiments 
on rr - p and ·rr- n collisions at P ;:;40 GeV /c ~ 

The ~xperimerital results on the distribution of 

events over the secondary charged par~ic~e IIIult~plic~ty 

in pc =40 GeV collisions are well described by the Wang-! 
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/ ~ Other models : (W~~g-Ir, Poi's,sori I etc~~>" are" com.:.' 

plet'ely·,-excluded·.~h~- resuits ~L fittin~ _o:f"Elie. di~tribu-
_. . . ' _, ~ ·- - ~ .. ·' . . . . ~ ' 

tion m':er _multiplicity (~an.:g~I)_ are giyen in_ Table I. 

Table I.· 

Type of ·Number 
interaction of events 

n_ 

-

-.jD 2 
X 

~ ... -. 

Degree of 
freedom 

~· ~ I 

7T' p -.--4400. 

1860 

5·.62+.04 2.75 

5.32+.07 2.82 

8 

13 

8.5 

8 ·' ·•.· _, ., ... -.• 

" n 

" n fit by the suggested model 

1 

7 

'rt is .seen from the' t.:ible' that the description of the. 7T n 

interactions is worse. However; in the Wang-I' model ·a -
. 1' -:·,· ,· 1 .· . 7T p 

.:=! 2 (n±·,-:- 2):=1.81±0.02 ·and a
71

_n =-r-n±.-1)=2.16±0.041 i.e • 

the· a~eJ:'age: number of . pa~rs ·is di-fferent. , 

qn ,the basis of the above cqnsic;leration, the St).ggest

ed model v1as used for describing _jointly the "- p and" -n 

interactions~ ~~re \h~ ave~a~e ~~mbe~ of pi~n 'pairs is 
~-·:·:~ • ,- t ' ' ~ ,• •'' •• -·~-- ·~ . .;_•'c"' 

tli'e same for both ~.:.. p and ri -..n interactions .and is directly . 
• • • ' • - > ' ~ • - • ~_._. • ' ' • -.. • • ' • • --.- ... • • • 

determined from the " -P collisions ( 4 1 5) • In our case _ ". 
' ' ' 

a ='1. 81±0. 02. The parameters a and {3 can be determin~d 

by:.fitting the dist:r,:ibution (3) .with the.11-n, collisions 
. . . ~ ~ - : ~ .... . ._ :.);. ' •, . ' . ' . '-- . - . 

at the.same energy. The comparison·has.given the follow-

ing values: 
-~/~-:} 

. - --~ --., 

.. , 
..,:, .·.· 

a =0.64+0.06 

{3 =0.36+0.04 • 

. ' 

8 

,...; 

·!,'' 

~ol. 

,"!'· 

With these values_of the parameters a 

gives on± =0.28±0.07 which coincides wit 

inental one 0. 30. ± 0. 08. The degree of agre 

theoretical and experime~tal distributions 

interactions was found to.be the same as fo 

ractions (see Table.! and Fig. rf1 . 

"' ... 
-~ 
it 

;-·"· • c\ 
1\ 

I 

~P a.t p=~DGev/e 

., 
0 2 it 6 8 

NUMBER OF CI-IARGEll PR~GS 

(.-·,·'\. 
mf- \ l 

\ 
iOI- ~;, ct p:~O~fe 

3~ 5 7 9 11 

NVMBER Of: CHARGE%> I 

Thus , satisfactory agreement between t! -. 
del and· experiment makes pos'sible the fell• 

sions: 

a: ,(11+ ") meson pairs produced in the " 

·lisions have the same characteristics;· 

· x/ When fitting all the parameters were 
be ~ree: _the results. within the errors havE 
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·with these values of the parameters a and (3 eq. (7) 

gives On± =0.28i-0.07 which coincides with the experi

mental one 0, 30 .± O. 08, The degree of agreement between. 

·theoretical arid experimental distributions for the 11-~ 

interactions was found to.be the same· as for the 11 -P inte

ractions (see Table .I and Fig. If/. 

·-·, I \. . \ 
(X) I 
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02468 135791/135 

NUMBER or CJ.IARGEll PRONGS NUMBER OF CHARGEn PRONG~ 

Thus ,satisfact~ry agreement between the'suggested mo

del and' experiment makes pos·sible the following conclu

sions: 

a,(17+ 11 ") meson pairs produced in the 11- p and 11?n col

·lisions have the same characteristics;· 

· x/When fitting all the parameters were considered.· to 
be t:ree: the results.within the errors have coincided. 
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