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Tunore3a aBTOMDOEIBHOCTH ¥ ACHMITOTHYECKOE NOBeAcHHE
CH/IBHEIX, 3JIEKXTPOMArHUTHHIX U ciaabblXx BaauMopeiicTBuil
NpH BEICOKHX SHEpPrudx

Mokasano, 4TO runoTe3a aBTOMOAENBLHOCTH WM MacmTaGHOH HHBapHAHT-
HOCTE NMOSBO/MAET NOMYYHTL eNHHEiM 06PA30M pasiMuHbie NpeNcKal3aHHd aId

|ACHMIITOTHYECKOTO NMOBENEHHH CH/BHBIX, S7€KTPOMATHHTHHIX M CAa6bIX Npouec- :
COB NpH BEICOKHX OHEpTHIX. b

Recently a great attention has been paid to experimental and
theoretical studies of both elastic and essentially inelastic many-
particle processes of hadron interactions at high energies,

The most important empirical properties of these processes

MpenpuuT O6LeaHHEHHOrO MHCTHTYTA SAEPHHX MCCAenoBaHMiL. : are as follows: the limitedness of transverse momenta of outgoing
Ay6ua, 1971 ';: particles and predominance of the longitudinal (along the collision
axis) components, an approximate constancy of the total cross
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sections and diffraction behaviour of small-angle elastic scattering
The Automodelity Hypothesis and the Asymptotic Behaviour S which appears to be due to the existence of a finite effective
of Strong, Electromagnetic and Weak Interactions . . /1]
at High Energies radius of strong interactions .

On the other hand, in studying deep inelastic interactions

The hypothesis of automodelity or - scale invariance is used
to predict the asymptotic behaviour of strong, electromagnetic and
weak interactions at high energies,

of leptons with hadrons at high energies and large momentum
R transfers the so-called '"point-like" picture of the behaviour of the’
total differential cross sections has been observed Mlich is
characterized by the wvanishing of dimensional paraméters defining
the effective sizes of particles,

' We note that the possibility of disappearing of the form
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factors when summing over all open channels in the processes

of deep inelastic weak and electromagnetic lepton-hadron interac-

/2] /3]

tions was first indicated in ref. . Further in refs.

some



’

arguments were given in favour of the "point-like" behaviour on
the basis of the current algebra which then were proved in
experimehts on SLAC and at CERN.,

At present to explain the dynamics of strong interactions and
the elementary particle structure use is made of a number of

models which are based on the essential experimental information

on high-energy hadron-hadron and lepton-hadron interactions. These .

are the droplet model faf and the limiting fragmentation hypothe -
6
based on it, the parton model and the coherent state

5
Ied)

model .

sis /

In the present note we wonld like to draw attention to the
fact that many results of these models are really model-independent
and can be obtained on the basis of the dimensional analys{is and
automodelity or scale invariance principle.

In this connection we recall the situation which has occured
in studying the process of deep inelastic electron-nucleon scattering,
It turned out that the differential cross section of this process
summed over all channels has a very simple asymptotic dependence
on the kinematic variables which is defined from the analysis of

/8]

In these processes the automodelity means that all the

the dimensionality and automodelity principle

physical quantities like the total cross sections or the structure
functions of deep inelastic lepton-hadron scattering must transform

under scale transformations of all the momenta
A , A ,
9 -ra, Pu>Ap, (1)

"where ¢ is the virtual' photon momentum and p is the initial
nucleon momentum, as homogeneous functions of the appropriate

dimensionalities,

The range of application of the scale transformation (1) is
defined by the conditions

lqzi, V=p-q‘>>m2, qz/v—ﬁxed. (2)

The automodelity principle makes it possible to come up to the
problem of the asymptotic behaviour of various processes of deep
inelastic lepton-hardon interaction in a unique manner, One of the
current problems is to find its theoretical foundation in the frame-
work of quantum field theory.

N.N. Bogolubov has attracted our attention to the importance
of scale tramsformations in deep inelastic processes and in parti-
-cular, to a possible analogy between deep inelastic electroproduc-
tion and dynamics of point explosion /9/.

From the physical point of view this means that in the proces-~
ses. of electromagne;tic and weak interaction leptons play the role
of point probing particles of zero sizes,

The sizes of hadrons vanish when summing over all .open
channels which leads to the above mentioned "point-like" behaviour
in deep inelastic lepton-hadron interactions,

In the high-energy strong interaction processes the situation
is somewhat different, Here the hadrons play the role of objects
of finite effective sizes, The strong evidence for this is the limi-
tedness of transverse momenta of secondaries and the exponential
decrease of the elastic scattering probability at large momentum
transfers,

Due to Lorentz contraction the hadron is represented at
high-energies as an infinitely thin disk wit‘h finite transverse sizes.
In contrast ‘to the local lepton-hadron interactions, we shall ascribe

to the interactions of such extended objects the automodel beha-



viour which is analogous to that of the plane explosion - in hydro-

dynamics.

In order to formulate the automodelity principle as applied
to the processes of strong interaction of hadrons at high energies
we should use, however, an extended dimensional analysis. We
introduce two different scales of measurement of lengths: along
the particle collision axis Lz and in the transverse plane Ly. Al
the physical quantities in the high-energy limit may be identified

as homogeneous functions of appropriate dimensionality, that is
n m
[Fl=L z L+ (3)

We note that the introduction of the vector units of length
dimensionality which are different along three coordinate axes are
. X
well known in the theory of dimensional analysis / and does not

depend on dynamics.

However, we would like to stress here that the nonequivalence

of different directions, along the hadron collision axis and perpen-
dicularly to it, and the introduction of different dimensionalities L »
and L; associated with it are dictated by the strong interaction
gynamics at high~-energies,

By analogy with the plane explosion in hydrodynamics we
assume that the processes of hadron interactions at extremely high
energies are characterized by definite scale relations under trans-

formations p . Ap . .

X/The vector units were first introduced in the dimensional
analysis by Wiliams, in 1892. A detailed analysis of this method
-is given in the monograph/lO/, where the improvement of its effi-
ciency is demonstrated by a number of interesting examples from
mechanics and hydrodynamics.

Physically this assumption is equivalent to the  requirement
that at high energies in the description of the asymptotic behaviour
of various observable quantities characterizing the hadron interaction
any dimensional parameters which fix the scale of the length along
z —axis should vanish, v

A special attention should be paid to the law of transformation
of the particle energy at the longitudinal scale transformation. Assum-
ing that all the particles in both the final and intermediate states
in the unitarity condition have the Iimited transverse ; T and large

longitudinal p, components we get

—_—— e v' (4)

Hence it follows that in the limit of infinite momentumthe particle

energy transforms at the longitudinal scale transformations in the

same way as the momentum component along the collision axis.
Thus, we consider scale‘transformations of the form

>

P, >Ap,s Po*Apy s Fr-opPgp - ' (%)

The automodelity principle as applied to high energy strong inter-
action of hadrons means that all the physical quantities like the
cross sections, angular distributions, etc, must transform under
scale transformations (5) as homogeneous functions of appropriate

dimensionality in the longiitudinal scale, that is
F-X"F, (6)

where p is the longitudinal dimensionality of the quantity F defined

by the relation (3),



In what follows we consider the simplest consequences of
the automodelity principle for the processes of inelastic and elastic

hadron interaction at high energies,

1. Let us consider the total cross section of interaction of

two particles O or (s ). By definition the total cross section is cha-
racterized by a definite area transversal to the particle collision

axis, i.e,

2 : (?
[otof‘ (S)]=LT. )
It follows from the automodelity principle that o,,(s) may not depend
on s the only variable which has non-zero longitudinal dimen-

sionality
: 2 =
[s]::[po]=Lz . . (8)
2. Differential cross section for elastic scattering, The

dimensionality of the differential elastic cross section in the limit

2 =2
of high energies and fixed momentum transfers iwhen [f]:[; ]=LT

T
is defined by the relation
4
92 1.0 (9)
dt

and, consequently, may not depend on ‘s having longitudinal dimen-
sionality,

Thus, it follows from the automodelity principle that

lim do

s >0 t

—f(t). (10)

t—~ fixed

— i et

L%

It is' interesting to note that relation (10) is a consequerice
‘ 11 '
of the droplet model and is analysed in detail in refs./ / From

the relation (10) it also follows that the total elastic cross section

0.,(s) and the slope of the diffraction peak b (s)=-dif-ln j’fL"mo ‘are
constant
0., (s)=const.  b(s)=const. (11)

It is obvious that the relation (11) can immediately be obtained

from the dimensional analysis and automodelity requirement,

\ s, -
3, The ratio of the real and imaginary parts of the elastic
ReT(s,1=0),

———2___is a dimensionless quantity and
Tm T(s, 1=0) quantity

scattering amplitude afs)=

- therefore in the high-energy limit it behaves like a constant (may

be equal to zero)

a(s) = const. . (12)

We note that the relation (12) 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

12/

total cross sections of interaction of particles with antipar'ticles/ .

4, Next, let us discuss the single particle distribution in the

inclusive process a+ b= c+ anything*/.

The differential cross section for this process can be repre-

sented in the form

-

da=—ip— f(E,pz,pT), - (13)
Po

where E is the total energy of colliding particles;p =tp,.p_} is the

momentum of the particle ¢ .

X/This process as well as the more complicated one of two-
particle distribution in hadron collisions were first studied theoreti-
cally in refs,/3/,




Taking into account the dimensionalities of the cross section
2 g -2 .
and the phase space [da]:LT,[-%E'—]=L ;7 we find that the dimen-
—Po . .
sionality of the function f(E,p _,p;) in eq. (13) is defined as
> 4 -
14
LF(E,pgz.ps)l=L ;. (14)
Hence it follows that the function f may depend only on the ratio
of the two variables E and p_  having longitudinal dimensionality,

i.e.

-> P, >
lim f(E,pz ,p.r)=f( + Py

E > E

). (15)

EE —fixed
The relation (15) is usually regarded as a consequence of the
multiperipheral and parton models and was conjectured by Feyn-
man oh the basis of heuristic arguments, In the rest frame of one
of the colliding hadrons the relation (15) coincides under definite
- conditions with the prediction of limiting fragmentation hypothesis.
In a similar way, two—par'ticlé distribution in the process '
a+b=c;+c + anything can be written in the form
‘d0= _fﬁ'__ —df-z— f(E,p,z,pzz,P”.,P“- ), (16)
: Pro P
where ;1={;”.,p,z} and ;2'=i;2.r,pzz§ are the momenta of particles

¢y and ¢, .The dimensionality of the quantity f is found to be
> > é ‘ .
it (E,p;.p; )]=LT (17)
then according to the automodelity principle we find

Pr. P12,
lim f(E,p,z,pzz,p”,,p“,):: I(?_—’_-E__—’ Pi; ' Pyr )

E > o

Plz P2
*E

(18)

X fixed

E
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It is not difficult to generalize this result to the case of

an arbitrary number of detected particles in the final state,

5, Consider now the process of production of two jets of

particles with momenta directed predominantly along the collision
axis, The total differential cross section for this process summed
over the number of all the secondaries can be written in the
following form

d’o

o =F (s, v, ,v, ,t). . 19
dt dv, dv, ol (9

Blere

2 2
s=(p,+p2) ~4E

V1=P1q=E(qo'qz) (20)
v,=p,q=~E(q +q )

where g js a momentum transferred from the initial hadron to
the system of secondaries‘ the momenta of which are co-linear
to the initial hadron monentum, the components g¢q _, c_; r being
defined in the c.m,s. of colliding particles,

As is seen from formula (20) in the diffraction dissotiation

vV
region, where the condition —_E'rz_ << cr : is fulfilled, the wvariable ¢

is mainly defined by the transverse momentum transfer and has the
transverse dimensionality [t+]= L—Tz while the variables s;v;.v,
will have the same dimensionality [s]=[V, ]=[V2 ]=L:2-

Thus, the differential cross section (19) can be represented

in the following form

11



3 .
d "o 1 v V.

1im —_ - F(—-, 2 ,1+). (21)

s oo dtdv,dv, s? s s

t — fixed

Y1Y2 <

Integrating the cross section (21) over the diffraction disso-
tiation region we obtain the total differential cross section for
diffraction production of jets which, according to the automodelity

principle, must not depend on energy

>

. do
fim ey FOO. 22
t — fixed

The behaviour of the differential cross sections (16),(19) and

[14,15/ in the framework of various

Il

a possibility has been found for disappearing of

(22) was also studied in refs,
models of qulantum field theory and the coherent state. model
In refs, [7:15]
the diffraction peak in the total diffraction dissotiation cross section (22)
which is, in a certain sense, analogous to the point -like behaviour cf the
deep inelastic lepton;hadron cross sections,

The automodelity principle leads to interesting results for
the a"symptotic behaviour of different quantities measured in high
energy inelastic experiments, In particular, the dimensionality con-
siderations lead to the following asymptotic behaviour of the ave-
rage multiplicity n(s), the average transverse momentum <P_,T'>

of secondaries and the inelasticity coefficient k(s)

> ’

- E
n(s) = const; <py; >=const; k(s)=.<—E-—‘>=consf, (23)

where E’ is the energy carried away by secondaries in proces-

ses a+b-a+b + anything.

12

The list of the automodelity predictions may, in principle,
be extended.

We would like to discuss below the accuracy of the results
obtained in this paper‘ on the basis of the automodelity principle.
’ It is obvious that the automodelity hypothesis(6) is approximate
and is applicable obly to the processes of strong interactions
at high energies in which there is a physical nonequivalence of
various directions, along the particle collision axis and perpendicu-
larly to it. In particular, the automodelity principle is inapplicable
invits original form to large-angle elastic scattering and charge:
exchange processes,

At present there is no definite way for estimating corrections
due to violations of the automodelity principle., In the cases when
the automodel behaviour hypothesis leads to the constancy of any
quantity with energy we. may expect in reality only a weak energy
dependence of this quantity (in these cases one usually  implies
the logarithmic dependence, however the mechanism of appearance -
of such factors is unknown),

It is very interesting to construct models hich would provide
in a natural manner (let even at the expense of locality in the
description of particles) the limitedness of transverse momentum
transfers’ in strong processes at high energies and would lead ‘
in the framework of a certain approximation, for example the
straight-line path’approximation,to the automodel behaviour,

This work was repeatedly discglssed withh N.N, Bogolubov,
AM, Baldin, D.I. Blokhintsev, R,N, Faustov, O.A. Khrustalev, AA., Lb—
gunov, ML.A, Markov, D.V, Shirkov, Ya.A,Smorodinsky, L.D. Soloviev,

The authors express their gratitude to all of them,
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