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l. Introduction

All the main experimental'facts on deep inelastic
lepton~hadron interactions can be understood by means of
usual dimensional analysis and automodelity principle for
electromagnetio and weak 1nteractions[1].

In the present note we study the asymptotic behaviour of
the hadron-hadron collision prooesses at high energies by
means of 53223&1&529 dimensional analysis and éutomodelity
principle for strong interactions .We take into aocount the fact,
that contrary to deep inelastic lepton~-hadron interaotions,which
are analogous to the phenomenon of point explosiont3) y the
strong hadron-hadron interactions are analogous to the effect

of plane explosion in gas dynamics.

2. Agggggdeligz_princip_g in strong interactions

We shall consider the process of hadron-hadron oollisién
at high energies in the center—-of-mass system. Therekare two
experimental rules about the dynamics of partiole production
in these _collisions, '

1. Smallness of tfansverse momenta: Most sécondary
particles have limited transverse momenta lq¢L, < 0,4 GevV,
When the energy 1ncreases, the longitudinal momenta ocan
increase .infinitely . For fixed initial energy the allowed
phase space in tpe q/;} ) l@,’l, rlane is a circle with a radius

3



%%; , while dynamics show that most events take place within

1 la’ll

a strip in. Fig.l:

FTig.l. Kinematically and dynamically allowed reglons in
the phase spacee.

2, Low multiplicity of particles produced: The average
number of particles produced ff grows slowly as energy
increases. This meaﬁs, together with the rule 1, that
most collision energy is transformed to kinetic energy’ of
longitudinal motlon and multiplicity of particles produced is
growing much less rapildly than the available en;rgy would ‘allow.
These two facts allow to make assumptlon that there 1s a
strong dynamical difference between longltudinal ad transversal
directions. Therefore it is natural to introduce two different
scales of length; i) - .

x)The vector units of length i" {Lx ;Lg-, Lz} were intro-
duced in the last century and were usefully applied in the
dimensional analysls A . Taking into account the natural
asymmetry of a problem, by means of such a generalized dimensio-
nal analysis it 1s possible to obtain much more information,
than using the usual (scalar) unit of length.



[_i—éalong collision axis,

LJP— in the transverse plane,

Any physical quantity F  ,which is measured in hadron collision
experiments, can be oharaoterized by definité dimensions 1n

longitudinal and transverse scales:
R Y
‘ (»
EF]':‘L?:LT | '

Now let us formulate our basio‘hypothes;s:

At high energles there is no fixed dimensional constant
with longitudinal dimension. All essential oonstants, such as
'masses, effeotive radii and other unknown paramefers have
pure transversal dimension.,

Therefore, under scale transformations of the form

%‘*’X% , =Y ' (2)

all the physical quantities must transform as homogeneous
funotions of appropriate d;mensionyin'the longitudimal soale,
that is E
| F—-x"F - W
This is the formulation of automodelity principle for strong
interactions. - |

The following intuitive ploture can be used. In the
center-of-mass systeh, due to Lorentz oontraction, the hadron
can bhe represented at high energles as an 1hfinitaly thin
disk with finite transverse sizes., If there is a fixed oonstant
with longitudinal dimension, it 1s possible to asoribe to the



disk a finite nonzero width. In such a case it will be impessib-
le to make scale transformation in the 1ongitud1na1 direction.

3. Conseguences of automodellty principle for

strong interactions

During the past years in the investigation of strong
interaction dynamics the importance of inclusive type experiments
was recognized .rThe advantage of thls approach was first.
indicated in[sj, where this process was considered in the
framework of the general prinoiples of quantum fileld theory.
From the phenomenological point of view these 1deas were
intensively developed in;al,

Let us consider concrete observable quantities:

A) Total cross sectlons

The most inclusive experiment is the measuremeht of the
total cross section Grot (s) in hadron-hadron collision
Pyt Py = ve. Where dots represent any number of
particles and S’-(P,_*-P;)L“"I P;_tz 1s the square of the
.center—of—mass energy. By definition the total cross section
is characterlzed by a definite area transversal to the
collision axis. Therefore, the dimensionality of G0t €S)

i1s expressed in the ;ransversal scale as follows:

Cotee(e))= L
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But the invariant variable s at high energles has pure
longitudinal dimensionality

[s]= L;z | (5)

Under longitudinal scale transformations Po— & Pz
aocording to automodelity principle we have

IS (6)
Crot (8) = Chog (X23)
Hence it appears that GJ(:ot may not depend on S, that is
GChot = Comdt, (7
Let us notice that the same result follows from the
reggeization of elastic Py+f, = Pp+P, amplitude with
exchange of Pomeranchuk trajectory.
B. Single-particle distributions
We consider the inclusive reaction ( Fig,2)
(8)
Pl -+ PZ - q/ LN
where s represents any number of parficles.
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PatPo— G+.., and its kinematical

S2

Fig.2. Reaction

variables,

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

Pﬂ- = {Pﬁ, 0[ 0/ PZ'S
R~ { P, 0, 0/-&9,

4= 1%, %, %Y, Y= Vhr 3244,

Reaction (8) oorresponds to four-point funotion of Fig.2,

(9)

with one external leg off mass shell. Hence 1t depends on

three invariant variables,- which can be taken as

S= B = 20
5=t~ P (%o7%) (20)
6= P4 ¥ P (4o+%)

The invariant differential cross section for reaction (8) can

be represented as follows

do= 4% £(s, 51, 5,) o

[~



E _ "Pionization" reglon. In this case M/glfvlq,l_]
and only the product S4'S, has definite

-2, - -2

dimension Esa_'Sz]'-‘- Lz. L’rza,na{ ESj:Lz-,

From the requirement of automodelity under scale transformations
- .
s 5P Y, A%p and Zf/’_!_ﬁ 9, the folkowing
equality must take place in the FL region:

Q12
5‘(5)51,32)= f(ﬂ"s, Sy, S252_> )
Jt 1s possible, if

e | )
§(s,s0,5.) = F(&,81)= 5‘(%,1%]) (13

The same result follows from Mueller-Regge analysis of the
three-particle elastic amplitude Pyi+P,+9d = PP, +;i—/
with single Jlp(°)=4 trajectory exchange,

The Fz reglion can be obtainedy from Fi simply
by substitution 1 =% .
In tpionization™ region, from automodelity principle, we
have

F(5,51,52) = a‘(?—;—s’—‘)— 9019, 1) G

This result coincides with the double Regge expansion of
three~particle amplitude with pomeranchukon exchange[ﬂ
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C. Two-particle distributions

The newinteresting phenomena occur:, when we consider

the inolusive processes with two singled out partioleu in the
final state ( Fig.3) : ’
n+&a¢;%+u, (15)

P:_ ’ ‘ a/l

Fig.3. Kinematics of reaction P,+P,=q +4'¢ ..,

The differential cross section will be function of 6 indepen-
dent variables x):

(qu, ZI{/, £(5,84,5,5, 55, 99") (e
where for our purpose a nat;:ral choice of vgriables is
5= Pk~ 20"
Su= Prq ~ Pal%-9)
5= Prg ® P ld0+%%)
Sy =Peq’~ P2l -%3) 7

S_z/= P_Z'q// o Pg- (q’ol“' q/;)
Q"q’,.'; ‘l/o‘%'— q_’i'i‘{ - %1’2-/

x)
The general inclusive process PitP=2919+ Yyrii g, +ore
will be a functlion of 3n independent varia’bles.



ransversal E:f‘]"*i:‘, o

1 situations?

The dimension of :f- is pure t
Let us consider different physilca

FyFy - the nomenta of both detected particles lie in the

fragmentation reglon of part
q,z_-e+t>o' s q,a_'—a + 00

variables have definite dimension

ES]——ESL]=E62’]=L; [s,]=Lsi]= [‘W] 172

icle 1. In this oase
and all six

Tperefore, according to automodelity principle we

find

s. S5 ’ ’
F=505 -53") S1, Si;‘i"‘l/) =

b gy P (18)
- § (%2, %, ), 14, T, )

.F'i Fz, — particle q, is a fragment of 1, q,’-— fragﬁeht of 2.

In this case Q/i-j-f- 00 ’ q/z/-—),,—oo” and

asymptotic dimensions of invariant ‘variables are

C§)=[oa)-Ds7 1 L991-LF , [sal=[s4]=L5

Hence, from automodelity principle we f£ind

5= 5'(SL)-~)SJ- 51; ?—2)
5

—ac(ﬂ@-/—,‘hlﬁj|> (193



In the last expression there 1s no dependence on the product
qﬁL 41 so that in this case oor:elation among produoed
particles is absent. . ,
l?‘f? - Both‘parfidies are products of "pionization".
in this oase Yo~y ~ l‘i_'l}'* 1%/ |
only [s]= L;)‘ and produots [ S2:Sz =
= [$4485] = /_;2[_7‘.7' have definite
‘dimensions. Therefore, from automodelity

requirement
. 5— S 7/ / @ Q’)

£ ( TANDANA ‘h ) (20)

i

f SJ— SL 51 Sz

)

: . . ‘ . R
Fa P ~  Particle 9 1is a fragment of 1, 9 - product
of "pionization®:

The dimensions are?
[s1=[s21=L3", [sal=ly , [S{s/1=L3%5

Hence, in this case

:f §(§z/§1, fﬁ-sil_/q,.q/')z
L - (21)
a‘( '%1, %), ne) |
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Let us remark, that results (18) - (21) are in accordance
with the multi-Regge analysis of elastio P1+P1+i+€'=513+§,¢7;,’
amplitudels]. The extension of our consideration to the case
of muitipa.rficle distributions is possible. Now let us proceed

to the other quantitles, measured in high energy experiments.

D, Differential and_total cross_sections of elastic

scattering

The dimension of the differential elastic cross sectlon
in thelimit of high energles and fixed momentum transfers,
- -2
when Etj: Elj,-:_] = LT is defined by

G’ ¥ (22)
[%]: LT

and, consequently, may not depend on ,S' having longitu-
dinal dimension. Thus, it follows from the automodelity
principle that ‘

im0t (23)
ﬁf,”;_: at L £4) |
t- Sixed

It is interesting to note, that; relation (23) i1s a consequence
of the droplet model ‘a.nd is analyséd in detail in ref.D].
From the relation (23) it also follows that the total

elastic cross section CTQCS) and the slope of the

aiffraction peak &(5)= d_dg on 3_;:7_’ /‘é
=0

are constant

14



GJe CS)-’—GO"Sf; 4 (s) = coust, (24)

/

It is obvious, that the relation (24) can directly be obtained
from the dimensional analysis and automodelity requirement.

E. Other applications

The 1ist of automodelity predictions may, in principle,
be extended. Here we oonsider some of them. The ratio . of the

rea.l and :Lmagim.ry pa.rts of the elas tic scattering a.mplitude
o (s)= Re TG, t-0)

Im T(s,¢=0) - .
therefore in the high energy limit it behaves like oonstant

is a. dimensionless qua.ntity and

( may bve equal to zero)'

A (s)= const, ' (25)

We note that the relation (25)1,7 under the condition of
constancy of the total cross section, on the basis of ‘tl‘ue
general principles ofi-q'uantum field theory, results in the
asymptotic equality of the total oross sections of interaotion
of partioles and antipa.rtioles[lo):

, The dimensional considerations lead to the foliowing .
asymptotic behaviour of the average multiplicity nG),
the avera.ge transverse momentum <¢ (s)) of secondaries and the

inelastioity coeffic tent K (S)

15



st L > monst kis)s CE D monst

/
where E is the energy carriedaway by secondaries in
processes P+ P = P‘.\." Pz + anything.

4. Conclusions

At present there is no definite way for estimating
corrections due to violation of automodelity principle.
In the cases, when the automddel behaviour hypothesis leads to
the constancy of any quantity, we may expect in.reality 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 this
‘note covers many. problems of strong interaotion dynamics and-
enables -one to.obtain the4results of different current

models in a simple and unifbrm'way.

In‘conclu310n’1t'1s interesting‘to cite a statement made
by Rayleigh in 1915: .

"I have often been impressed by the scanty attention pald
even by orliginal workers in physics to the great prinoiple of
similitude. It happens not infrequently that results in the
form of "laws" are put forward as novelties on the basis of

elaborate experiments, which might have been predicted a priori

after a few minutes consideration".
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