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~
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Phenomenology of High Energy Collisions 
and Scaling Law.at Small Distance 

It is shown that the assumption of the scaling beha­
viour at small distance in the Y

5 -field theory allows 
to understand from an unique point of view the phenomeno-
logy of different processes (large angle elastic scatter­
ing, scattering in the diffraction·region and deep ine­
lastic processes). Some modifications of this phenomeno­
logy are suggested. 
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The most attractive hypothesis of the last time is the 

scaling behaviour at small distance, whiOh is based on the assu­

med absence of any dimentional parameter in thefueo~ 

aside from the mass. This means that under the special 

ldnematical conditions, when the masses of the exter'nal: 

particles are non-essential, i.e. when any of the scalar 

productS of the external momenta ~· f; ( including also /'.· '-}->r;f· 

amplitudes ( or Green functions) are homogeneous functions 

of the momenta 

T(llf) = 11 2
011! Tft'J (1) 

the im ex ~ depending only on the number and the kind 

of the external. lines. 

What are the consequences of this hypothesis for.the 

physical processes? 

To answer this question we turn to the diagrams of the 

s:1mplest theo~ whiOh could pretend to the description of 
l- . 

interaction of hadrons. This 15 the 1- theory with the 

interaction Lagrangian of the type 

(2) 

We shall show that the assumptions1 whi~h are the bases of 

our method of summation 1 ' 2 of all logarithmic terms of 

all diagrams in this the011j are just the direct consequences of 



the scaling hypothesis. This method makes it possible to 

answer the above formulated question. 

The main result of this report ( which is in fact a short 

review and revision of our activity during the last years) 

is the statement that the scaling hypothesis allows to 

understand on a unique basis such different high energy 

phenomena as the scattering in the diffraction region~ 

(Regge-behaviour andthe modifications required), large-angle 

scattering ( Wu-Yang-model and possible corrections) and 

the ~utomodel behaviour of the deep-inelastic ep-scattering. 

lYe have to warn the reader from the very beginning that 

all what we could pretend to, is to clarify the basis of 

the correct phenomenological description because we are not able 
J 

at this stage to calculate the parameters entering the 
I 

final results. 

1. The general expression for the convergent diagrams in 

the theory (2) has the well-known form 

T(f) ._. j ~~~ ?(~.P,m)e,KjJ ;[Qt-<,/l)- M("'-a,Jj 
1 (J) 

where Q {ol, P) :: ..f.·.c (.,. J P.~ 1'1 (ct. m)= Z o(t: /?/} 
J G "' 

and ;!(o~,p,m )Is some polynomial function of ,P which emerges 

due to the numerator af the spinor propagators. 

' 
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which emerges 
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It is clear that homogeneous behaviour of this function 

in asymptotics, when ;1 2>>m~ could be expected under p-> /If' 

This asymptotics is determined by the most right singularity 

of the Mellin transform of 

;-. ,-.., ;r1J 

T(II?J:: /}ot.i _ . ..,c:~; ¢rJ.~) 
1 f.,·,_.., J,nH_J I /'' 

!J { ;;o<,m) being polynomial function of j . 

The scaling law means that such leading singularity in 

the j-plane is a simple pole at a point j::. de • It is easy 

to understand that the singularity of P ( /, ;::. ) 

(4) 

is due to the integration region over o< , where 0(<~,P).::::: 0 

However, in the Euclidean region, where ~ is positively 

defined function, this region of integration is near its 

lower bound, where some set of o< parameters is close 

to zero. Topologically this means the contraction of 

the corresponding lines into a point. Thus, the set of 

parameters has to be of suoh sort that the contraction of 

corresponding subgraph makes the initial graph independent of 

eaoh of the-variables ?~ ~· , i.e. all internal lines 

converge in one point ( Fig.l). 
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Using the method of investigation of singularities of 

diagrams J , one ca~ show that, independently of an order of a 

diagram, the most right singularity is a simple pole at 

the p¢nt ;> 2- e~- 3 f/tt ( t and f are the 

numbers of boson and fermion external lines), which 

is generated by the 11asymptotical regime" of the whole 

graph, i.e. comes from the integration region, where all 

~ parameters are small. ( In other words, from the region 

where all the momenta on the lines are simultaneously large). 

This subdivides the whole contribution of the diagram into 

the scaling part 

¢_, (;,'?) -
I<(!') 
-, -r-

J- )o 

generated by the asymptotical regime of the whole diagram, 

and some nonscaling remainder. 

The scaling hypothesis states that this result does not 

change by the s~ation over the perturbatiDn theor,y. It is 

just one of the assumptions of our summation method l, 2 • 

(5) 

The divergent parts of the diagram lead to additional 

powe~af log~ in asymptotics, i.e. to the increase of the 
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.arities of 

~ an order of a 
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Lich 

1 .whole 

'here all 

illlthe region 

10usly large). 

.agram into 

.e diagram, 

ult does not 

.heory. It is 

hod 1,2 • 

(5) 

to additional 

ncrease of the 

order of the pole of (/;>~ • What are the results of the summa.­

tion of these additional logarithms? This question was answered, 

in fact, in the earlier works on renormalization group 4 in 

the following way: 

(6) 

where I(!l) is the invariant charge ( the t~ theory 
(2) has two invariant charges, but in the limit A~C>Q they 
are reduced to one 5 ), ~- and c/..., are the numerators 

of the fermion ani boson propagators. For the S.,., c-lcoo 

and [{!1) the renormalization group leads to the equat,ions 6 

the only scale solution of it being 
I .z I G • C (J',J (. l 1 ~ "' II f!.) J {;tJ -> lo s<>O ~ ,11 / I o1l>Q -> 11 / 

As a result, anomalous dimensions appear, which shift the 

pole, according to (6), to the point 

, 1 e r 
;e"' }o - X b- Z 0 

The second assumption of our method l, 2 was just J(/1)-. con;t 

and G"' b = 0. The latter of them is non-essential, but 

the statement that "Nature reads the book of the free fields" 

means at least the.smallness of G and S 
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hints C,\t the smallness of the bare ooupJ.ing constant :J • . 
Naw_let us turn to the consequence of the scaling 

hypothesis for the physical processes. 

2. Let us consider first the large angle elastic scattering
1 

when {,$' J"' f t 1 "> > P- l 117 .z. • The exponent of the expression 

(J) in this case ca.~ ' be represented_ in the fonn 

S {A (J.) + f 13 (~)) + J { o(' f' 2, m) I 

where t 
f = ,g is some fixed value of an order of one. 

Mellin transformation of the amplitude with respect to the 

large variable S leads to the following expression 

(j;:!(j <)·"'-'J/7,/c( o(.;:o(,rn)/A{-x.J+j'8f..tJ/J~ 
) '5 'Zll(o() <::/ • ' 

"V · - .1 e :r~ .. e,..;[: J (.t, p~ m)j I (J(A .. f8):! e(-A-1'8)_; I 
(a) 

where the signature divisions are necessary because of the two 

cuts in the complex S-plane. 

In distinction with the previous case
1

the singularities 

in the j-plane can be gene rated now by the zero of A + f 8 
at the law bound of integration region as well as somewhere 

I 

inside the region
1

because of the cancellation of different 

terms. The second at' the mechanis~i.s not connected wiih the 

scaling behaviour·and probably plays no essential role 

because it contributes to the negative signature amplitude 

only~and can be responsible partially for the difference of 
I 
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1re amplitude 

difference of 
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~ 

S-U- crossed reactions, which is known to be of no importance. 

The singularities, due to the first mechanism, are generated 

by the asymptotical regime of the subgraphs, each of which 

being contracted makes the diagram independent of ~ and t 
simultaneously ( Fig.2). 

~ 
conlr. 

Fig.2 

or 

' . . . . 

It can be shown again that the most right singularity 

here is due to the asymptotical regime of the whole graph. 

According to the scaling hypothesis, it has to be a pole 

at the point j = oe ~ f /'1 = - %_ ( g 5 + f 6) ~ X f 

The additional term f~ emergesn from the wave functions 

of the external fermion lines. 

For the amplitudes of the non-polarized proton-proton 

scattering, for instance, at the angle near 90° ( c.m.s.) 

and large S this results i~ 

· T' ( S, f)- J/ R(f.Jo) s- 2
b 

We single out here J., ~ to stress the special role of Born 

diagrams. Two of the three external lines of vertex functions, 

entering these diagrams, are on the mass. shell. For this 



reason they work as the pion formfactor of the nucleon 

and result in the amplitude 

~ 
TB (1:.[)-.; 2

;:;, (!)I ' (S:::: t) 

Which of the two mechanisms prevails at the accessible 

energies, depends on the value af the bare coupling constant 

Jfo • However, a rather good agreement of the Wu-Yang ? model 

( o/6 1- ) wi~h the experiment ;;71 - J=; {f) · under the condition 

!-,. ::;:, FJ' is one of the arguments in favour of small Jo. 
From this point of view additional more detailed measu­

rements of the energy dependence of large angle differential 

cross section, first of all in the Serpukhov energy range, 

would be of great interest. Thay could supply, in fact, the 

first indirect information on the scaling behaviours and 

anomalous dimensions. 

J. Let us turn now to the scmering in_ih!L.!!!~!! 

region, The exponent (J) in this case can be rewritten as 

SA (ot) T J { o(, -1, P ~ m) , S '>> It/ P 2 ,;n.t 
' ' 

and the expression of the type (8), with the replacement 

A .. ff3 ~ A is valid. Now the singularities of ip(j) in 

the j-plane are generated by the asymptotioal regime of the 

subgraphs contraction each of them makes the diagram 

independent of .~ , i.e. convert it into weakly connected 

diagram af the type, shown in Fig.J. However, in distinction 

10 

i ; 

.l 
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the nucleon 

accessible 

coupling constant 

the \'/11-Yang 7 model 

er the condition 

avour of small ,fo . 
e detailed measu-

agle differential 

" energy range, 

Ly, in fact, the 

!haviours and 

l the difraction ·-----
1 rewritten as 

1 replacement 

s of ip(/) in 

1 regime of thl 

.d.iagram 

eakly connected. 

, in distinction 

with the previous' case, many subgraphs of such a type are 

~ 
contr, 

possible. ~he leading singularity is due to each of such 

subgraphs with four external lines, the scattering diagram as 

a whole being Qmong them. ( These external lines can be either 

fermion, if b .::: & or boson, if 6 '> b or both, if 6 = b) . 
The scale invariance hypothesis means, according to item 1, 

that the asymptotical regime of each of these subgraphs, as 

a whole, generates a simple pole at the point 

However, the large number of such subgraphs increases thl 

order of this pole. 

For instance, the maximal order of the pole of the 

diagrams, drawn in Fig.4, ·is due to the asymptotical regime of 

II 



each of the Bethe-Solpeter kernels ( shaded blocks), 

of any of the connected unions of two kernels and of the 

whole diagrams. The nonasymptotioal regime of some of the 

objects ( i.e. the nonsoale part of its contribution) determi­

nes junior orders of the pole. 

Independence of this picture on the concrete kind of 

the kernel permits to sum up all such poles of all diagrams 

of the perturbation theory 112 • This provides the answer 

( 
-.i 

_cpr;;cJ= CftJ 7f(J"J-13rtJ) C 7(eJ 

where C and /.3 are some matrices in the spin space, known 

as a series in the renormalized coupling constant ~ 

and ?f(J) is a function with a square root branch points, 

the positions of which are determined by the bare coupling 

constant :J 
0 

and by the anomalous dimensions G and '2) 

In the simplest case of small ~0 

z,r (j) = 2~a.z {f/ +2 G)+ Y(./+2 r;)":.. 'ir J:, 2 
'} 

J'o· . -' 

where the number r is determined by the t-ohannel quantum 

numbers. 

Thus, tUUm.Q.L.Q.2!!.~~ce of the scale ~~!ti! 

the mmn~-QL~~.J?.!~ points, which aooomp~ 

!.!l!!E!!C~U2!2!t..due to clei [zr(/)-/3ft)j"' 0 . 
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\ 
fhenomenologically this is a model close to the one of 

Van Hove-Durand 8 • 

The appearance of the fixed branch points is easy 

understandable, if one remembers that the only scale i~ariant 

potential at small distance in quantum mechanics is 

A 
V(r)"' r 2 

which gives as is well known a square 

root branch pointe in a partial wave amplitude. 

It is interesting to note that taking into account the 

special oharaoter of the Pomeron and identifying it with 

the most right branch point, we could obtain in the approxima-

tion of small Jo Jo ·~ 0.12. So, this approximation 

is self-contained. The same assumption allows to caloula te 

the slope's of the Pomeron residues 9 in good agreement with 

the experiment. 

The same branch pointe in the reactions with the natural 

exchange of isospin ] =1 ( and the unnatural with 7 =0) 

are situated on the imagimry axis ( r < 0 ) • This allows to 

obtain at medium energies an additional contribution to the 

real part of the nonflip amplitudes. Such contribution is 

necessary 10 for resolving the difficulties of an ordinar~ 

phenomenological approach in explanation of polarization in 

the n-;t!..charge exchange ,of difference of the cross section 

of the S- U crossed reaction p h -'> n p , p p _., n h 

and K-p ~ li-Z~ 71+/> _,. k'2 + and of behB.viour of the 
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,4 q' G,+ 
charge asymmetry = ~ in the pion photoproduction 11• 

""611'-
4. At last let us turn to the d~ea ~B§~_i!c- eE-s~i!£~g. 

It is known, that the summation of the senio~ logarithmic 

terms 12 in the region /f/ ~ f,5'/ >> m.1. in the r.!- theory 

( and in the gluon model) cannot explain the automodel 

behaviour observed in the experiment. However, in this 

appro:ld.nntion this can hardly be expected, because" this 

approximation leads to the obviously nonscaling zero bare charge 

situation of Landau et al. For the scaling s~lution with finite 

charge renormalization the situation looks like the following 13• 

The projection of the asymptotical contribution of 

diagrams on the gauge invariant transversal (T) and. 

longitudinal ( L ) parts of V1ff1v with the same assumption 

as in previous case, leads to 

automodel behaviour ( up to 

the apparent breaking 

(logs)3/ 2 aoouracy) 

VJTL "" <fr-L , , 
{w)fl. (-'!'lc/Cj3,Jo)- 2f(Jo) 

I 

of the 

(c..) >:..t) I 

where the numbers d and z are some series ( probably 

asymptotical) in Jo . However, these two tems seem to 

cancel as a consequence of gauge invarianc e, which, as known, 

does not allow an anomalous dimension of the electromagnetic 

current. Heally, the projecti~n of the same contribution 

Vllr v to the "time-like~oto~ states" give 

( . J3 J- 22_ 
fz ( L~v 'fr 7v) ~ t . {of- 2 f ) . ( LJ) . (- 1 z) 
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ries ( probably 

terms seem to 

which, as known, 

.electromagnetic 
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re, 
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! 

which has to be identical zero. One of the possibility 

is cancellation of d and 2 2 
The same consideration leads also to 

bL . 
G., -'> Con,r/ ~ dol. { /, la .1} 

!rhe experimental value of this ratio: 0.15 serves as ono more 

argument in favour of small Jo . 
Note in conclusion that the same mechanism leads for 

the deep inelastic e e- and 

5) in the limit of large S', 'l,z 

e {e) e. r.n 

s(~ 
e 

Fig.5 

-e. e - scattering lJ ( fig. 

~ z and 1, to the 

dependence on the dimensional parameter 

S' 
~c = F( 7,z1z_?-} 

where Cf, c are L- or T-states of th& photons, 
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