
M~ \( o 
OB'bELlHHEHHbiti 

HHCTHTYT 
}1LlEPHbiX 

HCCnELlOBAH H ~ 

Lly6aa. 

3ooG 

~ • -• • . ·• s .... 
. ... 
:r 

E2 • 6638 

V.A.Matveev, R.M.Muradyan, A.N.Tavkhelidze 

s: 
~· .... 
A. 

AUTOMODELITY IN STRONG INTERACTIONS . 

• ... ... 
I 
! 
2 •• .. 
~ 1972 



lONS 
2 Joint Institute for 
e original publica
h Article 4 of the 

j 

'"··----1 "~:-. . .:.. ....... -·-:-,. ... ~jf-..-. .1.~.:""'-\_"..,_..., 

- ·jOQG/2-'72 pr· • . 

:I 

'. I 

.\ 
\ . I 

·.·., 
) ' '.i 
. I 

' \ 

',' 

E2 - 6638 

V .A.Matveev, R.M.Muradyan, A.N. Tavkhelidze 

AUTOMODELITY IN STRONG INTERACTIONS 

Submitted to TMF, Letters of Nuovo Cimento 

--------
C,:)·;.,;.Jfliii.l~·l~U':t rmcYL:1Y• l 

~ C!"""'"~"'·C."' r:··;''N''ICA""'~m~ ~t L..:; .. ''""rH ....... ~ JJ.>~_ ............ -'~' 

:j r ;:~dt~n<~::rn::~{A ' 
"-'1""<-..,~--· .. -..--·--- ........ 



1. Introduction 

All the main experimental facts on deep inelastic 

lepton-hadron interactions can be understood by means of 

usYi! dimensional analysis and automodelity principle for 

electromagnetic and weak interactions[l]. 

In the present note we study the asymptotic behaviour of 

the hadron-hadron collision processes at high energies by 

means of ~~~d dimensional analysis and automodelity 

principle for strong interactions .we take into account the fact, 

that contrary to deep inelastic lepton-hadron interacticns,which 

are analogous to the phenomenon of point explosion[)) 1 the 

strong hadron-hadron interactions are a~logous to the effect 

of p~ne e!l!.!Q!.!Q.B in gas dynamics. 

We shall consider the process of hadron-hadron collision 

at high energies in the center-of-mass system. There are two 

experimental rules about the dynamics of particle production 

in these collisions. 

1. Smallness of transverse momenta: Most secondary 
..... 

particles have limited transverse momenta I 'V.L/ <: 0.4 GeV. 

When the energy increases, the longitudinal momenta oan 

increase infinitely . For fixed initial energy the allowed 

phase space in the q,t 
1 

liiJ.L / plane is a circle with a radius 
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if_ , while dyna.mi.cs show that most events take place wi.thi.n 
2.. ~ 
a strip i.n- Fig.l: ,._ 1 cyl.l 

o,q<rev 
~'-."::!::!-:-:~·.;;~.;!·~'!•·.~: ~,:!~1;:;:;E\-:::~·;:~-.::. 
:~;::::~~:~:·::~:~:::·:::.·; ):::rr.·:.,;·:=~i:~=~:*::: .. :; 
.. 

• • , ..... , •••••.,,,, , 1 •• ••• ,,,uSe •· ,,, ,, ,. tl" .....•• , ........... ' ................ • .... -y. 
v;;; .t 

Fig.l. Kinematically and dynami.cally allowed regions i.n 

the phase space. 

2. Low multiplicity of parti.cles produced: The average 

number of parti.cles produced fC grows slowly as energy 

increases. Thi.s means, together wi.th the rule 1, that 

most oollisi.on energy is transformed to kinetic energy'of 

longitudinal motion and multiplicity of particles produced is 

" growing much less rapidly than "the available energy would allow. 

These two facts allow to make assumption that there is a 

strong dynamical difference between longitudinalmd transversal 

directions. Therefore it is natural to introduce two different 

scales of length; X) ----------
x)The vector units of length L = { Lx 1 L'f 1 Lz. J were i.ntro
duced i.n the last century and were usefully appli.ed in the 
dimensional analysis[4J. Taking into account the natural 
asymmetry of a problem, by means of such a generalized dimensi.o
nal analysis it i.s possi.ble to obtain much more information, 
than using the usual (scalar) unit of length. 
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L:z:.- along co~11si.on axi.s, 

Lrr- i.n the transverse plane. 

Any physical quantity F. ,which is measured in hadr4 

experiments, can be characteri.zed by defi.nite d1menf 

longitudi.nal and transverse scales: 
11, I)V 

[ F] ~ L"l: Lrr . 
Now let us formulate our basi.o hypothesi.s: 

At hi.gh energi.es there i.s no fi.xed dimensi.onal 

wi.th longi.tudi.nal di.mensi.on. All essential constant: 

masses, effeoti.ve radi.i. and other unknown parameteJ 

pure transversal di.mension. 

Therefore, under scale transformati.ons of the 

Cft2: ~ ).. q.,i!: ) 

~ ~ 

£V.L ~ q,L 

all the physical quantities,must transform as homog 

functions of appropriate dimension in th·e longitudi: 

that is 

F ~ A-~F 
This is the formulation of automodelity pri.nciple f 

interacti.ons. · 

The followi.ng i.ntuiti.ve.pioture can be used. l 

center-of-mass system, due to Lorentz contracti.on, 

can be represented at hi.gh energies as an i.nfinitel 

di.sk wi.th finite transverse sizes. If there is a fi 

wi.th longitudi.nal d1mensi.on, it is possible to asoi 
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Lr.- along collision axis, 

Lrr- in the transverse plane. 

Any physical quantity F. ,which is measured in hadron collision 

experiments, can be characterized by definite dimensions in 

longitudinal and transverse scales: 

(1) 

Now let us formulate our basio hypothesis: 

At high energies there is no fixed dimensional constant 

with longitudinal dimension. All essential constants, such as 

masses, effective radii and other unknown parameters have 

pure transversal dimension • 

Therefore, under scale transformations of the form 

(2) 
) 

all the physical quantities must transform as homogeneous 

functions of appropriate dimension in the longitudinal scale, 

that is 

(J) 

This is the formulation of automodelity principle for strong 

interactions. 

The following intuitive.pioture can be used. In the 

center-of-mass system, due to Lorentz contraction, the hadron 

can be represented at high energies as an infinitely thin 

disk with flnite transverse sizes. If there is a fixed constant 

with longitudinal dimension, it is possible to ascribe to the 
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disk a finite nonzero width. In such a case it will be impossib

le to make scale transformation in the longitudinal direction. 

J. ~~~~~~~~lity princ!f~::. 

!!!!.2ruL!!!!:~~ 

During the past years in the investigation of strong 

interaction dynamics the importance of inclusive type experiments 

was recognized • The advantage of this approach was first: 

indicated in[5J, where this process was considered in the 

framework of the general principles of quantum field theor,y. 

From the phenomenological point of view these ideas were 

intensively developed in[61. 
Let us consider concrete observable quantities: 

A) ~l...£!:2§1L~tl~ 

The most inclusive experiment is the measurement of the 

total cross section G'i-o~ (S) in hadron-hadron collision 

pj_. -t P:t. ==- ••• where dots represent any number of 

particles and %-:.(p3.+P2t~4 P:c'l.. is the square of the 

center-of-mass energy. By definition the total cross section 

is characterized by a definite area transversal to the 

collision axis. Therefore, the dimensionality of ~totct) 

is expressed in the transversal scale as follows: 

! 
[~ot(s)]: Lr 

6 

(4) 

But the invariant variable . ;5 
longitudinal dimensionality 

at high.energies 

[sl = L~.t 

Under longitudinal scale transformations Pe.-?> . . ' 
according to automodelity principle we have 

Vto-t:Cs)=- G'i-otCf.
2 S)' 

Hence it appears that G'e-ot may not depend on ~ 

0-eo-t: =- totl1i:-, 

Let us notice that the same result follows J 

reggeization of elastic p,_ -tf:z.-= p,_ -i'P.2. 

exchange of Pomeranchuk trajectory. 

B. ~ngle-~illl e ..S.!tl!:!E!!tl.2!!.!! 

amplitl 

We consider the inclusive reaction ( Fig.2) 

g_ -t pl ~ q,,.,_ ... ' 

where • , • represents any number of partial 
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But the invariant variable f> 
longitudinal dimensionality 

at high energies has pure 

Under longitudinal scale transformations 

according to. automodelity principle we have 

Hence it appears that G"'t-ot may not depend on s, that is 

Let us notice that the same result follows from the 

reggeization of elastic P:;t.+f:z.= P:l-~P.2. amplitude with 

exchange of Pomeranchuk trajectory. 

We consider the inclusive reaction ( Fig.2) 

g_-tfi~~t .. ·· 

where • , • represents any number of particles. 
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r1. 'V 

P.t. 

Fig.2. Reaction P:t-tP2~ 4-+,., and its kinematical 

variables, 

Let us consider the center-of-mass system in which 

P1.. ~ { Pi!, o, o, P..,) 
I 

P:z.. ~ [ Pa 1 01 0 1 - Pi!: 1 
1 

~ ~ { 1to, ~' 'V~~ 
1 

CVo= (;+ tf;i+ev; 
Reaction (8) corresponds to four-point function of Fig.2, 

with one external leg off mass shell. Hence it depends on 

three invariant variables, which can be .taken as 

/; ==- Pif: ~ 2 Pr=L 

s~:::. Pj.''V ~ Pc Uh-CVj!,) 

S1. ... P.z.·t:t; .':{j P~ f'h + 'Yr) 

(9) 

(lo) 

The invariant differential cross section for reaction (8) can 

be represented as follows 

~u'= ~ ~(s, s1., S.z,) 
'1--o 

8 

(11) 

Taking into account the dimensionalities of 

[oto-'1"" L ~ 0 [~] - L-2 ·. 
i J 'Yo - r we :find the dim1 

of f , [f T=· L~ • From (10) we see, that 

invariant variable ~ 
-.2. 

[s J-= L?: while 

always has longitudinal c 

S1. and Sz, can have Vl 

dimensions in different physical situations. But · 

Sj_•S.z,~ P2:~(q.-0'l--ty~) = P~l. (r.r'~-+'?;) . always ha 

dimension[.Si.Sz 1 = L~ C/. 
Let us consider three different asymptotic r 

F1. - Fragmentation of 1: 4-.z; ~ ;- oo 
't. ~1-s ~ P: 111 +4'.~- [s ] -=. L-z.. 

1. r Qtyi!: I ~ T 

J 
-2. 

S-t. ~ 2 ft-OVf!: ) [Sz. <;:. L r. 

F~- Fragmentation of 2: q,~-7 - 00 

si. ~ ~Pi': I'V:r:\ I 
[s:l-] =- L~~ 

'""I.. 
S2- ~ Pc 11f'l.-t~VJ. 

2/}l: I 

J -.2. [Sz.. "' '-r 

---------- [6] 
X?we use the oonventioaal terminology - fragment 
"pionization" - for defining different asymptoti 
It does not.mea.n, however, that we make explicit 
about dynamic mechanism of multiple::; production. 
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p ~ 11Pionization 11 region. In this case /'hi"" /4-.d 
and ~nly the product S:~..· 5 z. has definite 

dimension [S:~..•S:z.]::. L~'- L-;..2.. Md [S]=L;~ 

From the requirement of automodelity under scale transformations 

P2--? f. Pr: 1 CV2-~ ~lYe and 'i£-1.-? CC.J... the following 

equality must take place in the F1. region: 

5-(s, s:1, S.z.) == :f(~LJ!,) s1., ~.e.s2.) 

It is possible, if 

5 (s, s1., s.e) = 5-( ~z, s:~..) = 5-( 'Y~, t~J) 

'!'he same result follows from Mueller-Regge analysis of the 

three-particle elastic amplitude P 1. + Pz + tj: == p,_ -t Pz -t ~ 

with single ol.e(o) =i trajectory exchange. 

The Fz region can be obtained from Fi. simply 

by substitutio~ 1 :;!- ~ • 

In "pionization"-region, from automodeli~y principle, we 

have 

(12) 

(lJ) 

f(s, s1,S.z,)"" J.( 5~5L) ==- ff(I~U <l4) 

This result coincides-with the double Regge expansion of 

three-particle amplitude with pomeranchukon exchangeL7] • 
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The neninteresting phenomena occur:. 1 when w 

the inclusive processes with two singled out par 

final state ( Fig.J): 
1 

1'1-t Pz. -1 't- -4- CV + ,, 
'V 

p1. ty' 

pl. 

Fig.J. Kinematics of reaction P:~..+P:a='J--tt.J.i 

The differential cross section will be function 

dent variables x): 
ol_, ~, 

~V' c __1:: d 4' f ( s, sj_ Sz s.' s'2.' 'V•~V' 
'f--o ty/ I 1 .._ 1 J 

where for our ~urpose a natural choice of varial 

~ = f:t.·Pz -x 2-P,a-,_ 

f>1- = P1• cy ~ Pr ( lYo -ty~) 

.S1. == Pz·tt- ~ r~ {t¥o+%) 

s; '"" P:~..~ q/""' P~ (cv: -:tV~ ) 
s{ = P2·Cf-.' ':\:> P~: Uh'-l-%) 
I) I 1 -7 ~, I 

___ _2':.!_~·h - 'V.~-·h - %'P2-

x) 
The general inclusive process P1tP.,~'J..1+~t ty3'~""• 

will be a function of Jn independent variables. 
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case 1%1 ~ tet.t.l 
has definite 

-z. · · ..1 [sJ ·L-2 
r a...n...,. = l: • 

cale transformations 

he foUowing 

w;ysis of the 

= p.,_ :t Pz. of 'f-

~inoiple, we 

txpansion of 

exchange t7]' • 

(12) 

(lJ) 

The ne.vinteresting phenomena occur:, when we consider 

the inclusive processes with two singled out particles in the 

final state ( Fig.J): 
1 F1-t P;t. -t '}- + cy + ., I 

ty 
(15) 

p~ ~tt' 

Fig.J. Kinematics of reaction P:1.+P2 =l}-t-ty 1+,., 

The differential cross section will be function of 6 indepen

dent variables x): 

~V'== o/4- d~~f(s S S 5 1 s' a.,n.t) (16) 
~O 'Vo' I i) 2,) ~) '2. ) -y "Y 

where for our ~urpose a natural choice of variables is 

t::. f':1.·P2 ~ 2P;; ,_ 

f'>1-= P:~.·~ ~ Pe-(%-4'1:) 

Sz"' Pz·q,- ~ Pe f£Yo+h) 

s; -= r:1.·, q,' ~ Pl Uh' -cv~ ) 
sf= P.2·q,.' ';:loP~: Uh' ~%) 

I I ~ ~, I ___ __2-.:!. =- ~J'o - 'l-4-•h -% 'VIl-

XJ 
The general inclusive process P'1tf',_-:)IJ,J.+~t h.,.,., -t-'Vn + ... 

will be a function of Jn independent variables. 
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The dimension of f is pure transversal. [ :f J = L:, 
Let us consider different physical situations: 

F.1. F1..-

'f1 F2. -

the momenta of both detected particles lie in the 

fragmentation region of particle 1. In this case 

lV:t""" + 00 
cv; -7 + DO 

and al.l siX 

variables have definite dimension 

[s]-=-[5.z.]-=- [s;J=L-;_.2 

1 
[Sj.T=[Si]=-[IJ;tt'l=L;z 

'fherefore, according to automodelity principle we 

find 

:}-==- 5- ( ~~- 1 ~;, s:J.., s; ,CV·f/1
1

) ~ 

( 
~ £¥ I ~ ~I' ...;> "i>l') 

= f _pi: } _2_.) 14-J..} I I'V.~-} J CV.L·'VL 
c Pi>: 

(18) 

particle ty is a fragment of 1, q, 1- fragment of 2. 

In this case ty-t-7+ oo 
a,' .. 

' 'Yj!: ~ .-00 
and 

asymptotic dimensions of invariant variables are 

[s]-=[Szl=-[s{] "'[~·q/]-L;z 1 [s,_]---[s~}=L;2.. 

Hence, from automodelity principle we find 

L .L (52.. s: $ 5 I q_,.q_/)
J=-;::) s's' J-, 2.., T -

. =: f ( ~: , ~= , lq:~ I, ~;I ) (19 ) 

In the last expression there is no dependence on the 
~ ~~ . 
~L,~L so that in this case correlation among I 

particles is absent. 

_p p -

F1...P 

Both particles are products of "piozrl 

in this case 'Vi!"" IV'!'- lt"t.d ~ 1tt; J 

Only [ s] ::.. L ~1.. and products [s 

. I '] L-2. -2-:. [S:1.:•Sz ::. 2- Lr have 

dimensions. T}ler efore, from automode: 

requirement 

:f -= 5- ( s~sz. / s~s:z.' , q,. q,') =

~ f (/~II~~~\ l~L,~L) 

Particle ~ is a fragment of 11 ' 

of "pionization °: 

The dimensions are: 
L . -~ I 

[S]=TS:z.T=Li) cs~]=Lr I [Sj_ 

Hence, in this case 

.f =- 5 (~~I <;i J S~S2- tf'·~1) ::: ·'-s-'· 
_[ ( t~-t- ~ I .....,,, . ....., -;,,, 

-. :T Pc J lq.,...L ' I'VL ' lY.t_·lV.~-' 



. 6 
]=Lr, 

1s lie in the 

:n this case 

L six 

principle we 

::. 

(18) 

fragment of 2. 

)0 and 

ariables are 

e .find 

(19 ) 

In the last expression there is no d,ependence on the product 
-;J -9, 
~L·~~ so that in this case correlation among produced 

particles is absent • 

.P p - Both particles are products of "pionization11 • 

I -- I , ... ,. I in this case £Vi!"' 'h - I'Y.s.. - '¥1 

Only [S]::. L~J.. and products [S:1.·S:z.] =. 

-= [S{·S{] = L-: C;..'l- have definite 

dimensions. Therefore, from automodelity 

requirement 

T = f l SJ.. Sz. S{ S,_' o., a.t) ::. 
<;;/ s ,-y·y 

( 
-7 ~~ -7 '7f ) ;::: :f- /'V_L I I I t}-L ) I q,.L·q;L (20) 

I 
Particle ~ is a fragment of 11 ~ - product 

of "pionization ": 

The dimensions are: 

[sJ=TS2..T=L'2.2..) [s~]= L~'-, [s;_.s;]-=-L"'/'L;" 
Hence, in this case 

(21) 
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Let us remark, that results (18) - C21) are in accordance 

with the mu1ti-Regge analysis of elastio P~+Pz.-+lj:>tii:'=P1.tfi-ti}.-t"¥ 

amplitudc[aJ. The extension of our consideration to the case 

of mu1tiparticle distributions is possible. Now let us proceed 

to the other quantities, measured in high energy experiments. 

D. Diff ~.i!B:1....!!n!Lj:2!_aJ...Q.!:Q.!!!L§2.£.i!Ql!LQ.t.Jl.!~ll 

scattering 

The dimension of the differentLal elastic cross section 

in tm limit of high energies and fixed momentum transfers, 
_,. -z 

when [ t]::. L '}: J = L1 is defined by 

[ ~: J = L~ 
(22) 

and, consequently, may not depend on ~ having longitu-

dinal dimension. Thus, it follows from the automodelity 

principle that 

t~v.v 
S-7 eo 
t.- .fiKeel 

oU1(5,t-) = f Cf) 
dt 

(2J) 

It is interesting to note, that relation (2J) is a consequence 

of the droplet model and is analysed in detail in ref.[gJ. 

From the relation (2J) it also follows that the total 

elastic cross section C';e, (s) and the slope of the 

diffraction peak t:cs)-=- .£L ewciCYf are constant 
eft dt i=O 

14 

~e_(S)-=-cor~.st. I 
.(, (s}::: CAllt.Ji-, 

It is obvious, tmt the relation (24) can direcll; 

from the dimensional anal.ysis ·and automodelity re1 

E. ~~ll£ill.2!!.!! 

The list of automodelity predictions may, in 

be extended. Here we consider some of them. The r• 

real and imaginary parts of the elastic scatterin, 
Re '1Ys t .. o) 

o{ (S)- ' is a dimensionless quantit; 
:Jrn <T'Cs,t.•f>) · 

therefore in the high energy limit it behaves lik· 

( may be equal to zero)! 

ol. (S) = co/lsi:-, 

We note that the relation (25),, under the .conditi• 

constancy of the total cross section, on the basi 

general principles of quantum field theory, resul 

asymptotic equality of the total cross sections o 

of particles and antiparticlesf101: 
The dimensional considerations lead to the f 

asymptotic behaviour of the average multiplicity 

the average transverse momentum (t}'T'(s)) of secon 

inelasticity coeffiCient K ( S) 
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It is obvious, that the relation (24) can direclly be obtained 

from the dimensional analysis and automodelity requirement. 

The list of automodelity predictions may, in principle, 

be extended. Here we consider some of them. The rati~ of the 

real and imaginary parts of the elastic scattering amplitude 

o{(S) .. Re 'TYs,t•o). is a dimensionless quantity and 
;lrn 'T'(S,t.•fJ) 

therefore in the high energy limit it behaves like constant 

( may be equal to zero)! 

cJ. ( S) = GO/I s't-, 

We note that the relation (25), under the condition of 

constancy of the total cross section, on the basis of the 

general principles of quantum field theory, results in the 

asymptotic equality of the total cross sections of interaction 

of particles and antiparticles[lo): 

The dimensional considerations lead to the foliowing· 

asymptotic behaviour of the average multiplicity ~Cs) J 

the average transverse momentum <ctrrCs)) of secondaries and too 

inelasticity coefficient KCs) 
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n: ($)::.CAlfS f-, I <_if, (s)) =:{(JfiSf:. 
T 1 

k(<;)== ( E ') =:c.ot.t.It. 
F 

where E 1 
is the energy carriedavay by secondaries :Ln 

processes P:1. _,. Pz. = p.,_ -t Pz. + an;yth:Lng. 

4. ~~!ll!. 

At present there is_no definite way for est:Lmat:Lng 

corrections due to v:Lolation of automodel:Lty pr:Lnciple. 

(26) 

In the cases, when the automodel behav:Lour hypothesis leads to 

the constancy of any quantity, we may expect :Ln.real:Lty only 

a weak energy dependence, usually logarithmic dependence. 

However, the mechanism of the appearance of such a factor 

is unknown •. Nevertheless, the method suggested in th:Ls 

note covers many problems of strong interaction dynamics and 

enables one to obtain the results of different current 

models in a simple and un:Lform way. 

In conclusion :Lt is interesting to cite a statement made 

by Rayleigh in 1915: 

11I have often been impressed by the scanty attention paid 

even by original workers in physics to the great principle of 

similitude. It happens not infrequently that results in the 

form of 11laws 11 are put forward as novelties on the basis of 

elaborate experiments, which might h~e been predicted a priori 

after a few minutes consideration11 • 
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we are grateful to N.l'l.J?ogolubov, A.A.Logunov, 

L.D.Soloviev and n.v.shirkov for useful discussions• 
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