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Many years ago strong interactions were des-
cribed by the Yukawa potential.As higher veloci-
ties become essential relativistic description of
the interactions was necessary.As a result instead
of the Yukawa potential one had to use the Feynman
propagator: I

n® - p2 (1

It is important to remark that in (I) a new funda-
*

mental constant - the velocity of light ¢ appears.
In this point a question arises. What will
happen if we increase further the energy? Will
the propagator modify once more at very high ener-
gies and will a new fundamental constant appear in
the theory? If it is so this should be crucial in
the analysis and understanding of the physics at
these energies.
Let us try to answer the question. The pro-
pagator (1) can be written as the Fourier trams-
form of the vacuum expectation value of the time-

ordered product of two free field operators:

F {< 0]T ¢0x3) 00x) [0 >3, &)
Under the usual locality condition this expression
is Lorentz invariant because the sign of the rela-

tive time is invariant for timelike intervals:
R 2
£ =l{1= invar., t=ty-t,, when x’=(x1—x2)2>0i3)

Let us notice,however,that in the time-ordered pro-
duct quantities related to higher than Lorentz sym-
metries are used.Namely the interval xzis Casimir
operator of the Poincaré group of the fourdimensio-

nal momentum space

P'= Ap + k (4)
and E=T%Tis additional invariant of its unitary re-
presentations when x%> 0,

Therefore one can say that the usual proper-
ties of xz,—E— and finally of the propagator(2)
itself, are closely connected with the Euclidean
character of momentum space or more briefly with
the Euclidean character of the parallel shifts in
this space:

I >t

it T YT

é—— p'=p+k. (5)

But as the mathematicians teach, there exist noneuclidean

geometries with different definitions of the parallel shifts:
p'=p @k (6)

(Recall the story of the fifth postulate of Euclid).
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*/ We already put in (I) t=c=1.
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Because the transformation (6) is nonlinear it is
obvious from dimensional reasoning that a new_umni-
versal constant [ with dimension of length appears.
We shall call it fundamental length.
if p,k <<% , then p®k —>p + k.

A new question arises: Could the noneuclidean

shifts p{®k produce a generalization of xz,inva-

riantfgl, the corresponding T-product and at last
t

a new propagator substituting the old one at very

high energies |P127“g“ ?

The answer is positive and is illustrated in
the following Table:

Euclidean Shifts Noneuclidean
p'=p+k p'=p(Hk
Lorentz group
p'=Ap

{common to both)

Casimir Operator

L(L+3)
0
x2= =0” cone x2= ng cong
>0 -/g -A
time t is Time time n is discrete
continuous
t no_ o
T invar. . - invar.
Tt— product Time-ordered Tn— product
Product
Propagator: Propagator:
I
m? - p? = ¢ 7.7
2(/1- p- 1- )

Later on we shall put a15012=1.

Let us briefly enumerate the properties of the
new propagator:

I) The mass of elementary particles is bounded

from above i.e. m2< I N
2 2

2y At p°,m” <<I
I s I .
ZQIE;-(;;E) ml - p?
3) In the timelike region p%f I,which means
that the one-photon annihilation cross section va-
nishes at pZ; I (fig.D)

+
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Fig.I
4) In the spacelike region if |Q%| »>>I the

propagator 1is proportional to and the cross

section decreases with Qz,slowerZ!QI than usual.

e e I
2 The propagator is ™~ ——
Q 2iql
p— Fig.2

5) The fermion prcpagator has the form:
I

# - 1-{1-pPrgs- (8)




The KS suggests that parity violation effects
should be observed at very_high energies and their
magnitude should be of the order of pzﬂz.

Therefore, it is very tempting and natural to
identify our fundamental length  with Fermi con-
stant

E~ 0 - t:% 26.10""7 cn. )

The introduction of fundamental length £ in
the theory changes many of its basic relations.For
example, series of qualitative predictions could
be made on the basis of the new relation between

the momentum transfer and interaction distances:

I
" X, s (10}
p »2
where p
chy, = 1 + — (IT)
P 2
+2 . > I
p° being the momentum transfer. If \p|<<I,Pb—:—.
But if |P]>» I,then¥~ I» From the last P
In|p|

formula one sees that at very high momentum trans-
fers the role of momentum transfer is played by

its logarithm
/t +1In /"t. (12)

In other words one may expect that all the expo-
nent /-t dependences of the standard theory should
change in this domain to power dependences. For

example: . a
dt . -n /-t

ae —

dt (/~tyn

The exact calculation confirms this qualitative

- (13)

speculationl/.

The relation (I0) is of principal importan-
ce,namely distances rse can not be practically
reached (the In( |P!) in the dominator!). There-
fore if h»lp/see eq.(9)/ the gravitational effects
occurring at r<<%, are irrelevant to particle
physics.

In this short talk we sketched some of the
implications of quantum field theory with funda-
mental length.The detailed analysis of the theo-
ry can be found in refs./1=5/

Some features of this new quantum field the-
ory are close to the original ideas of M.A.Markov
(1940,1958)6/ concerning the possible formulation
of nonlocal field theories.From the other hand,
it is close to the more recent field theories on
a space-time lattice?/.

In conclusion we would like to stress that
reasoning from purely group-theoretical point of
view we introduced in quantum field theory a new

universal constant and drastically modified the

interaction at very high energies(small distances).

This can be done in Lorentz and translation inva-

£.45.

riant way (re Therefore if a fundamental

length exists we shall have a completely new phy-
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sics at very high energies.Reversing the argument-
- a possible key for understanding the very high

energy phenomena is the fundamental length.
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RECENT PROGRESS IN REGGEON FIELD THEORY
ReleSugar
University of California, Santa Barbara, USA

I cannot describe all of the recent
work in Reggeon Field Theory (RFT) in the
time allotted to me, so I will just discuss a
few Topics which I have found particularly
interesting. I apologize to those whose work I
will have time to cover,

W#hat Gribov did when he inmvented RFp/1/
was to teach us how to systematically evaluate
Regge cut contributions to high energy scatter=-
ing amplitudes. The cuts play a crucial role
in processes in which the Pomeron can be
exchanged because for small momentum transfers
all of the multi-Pomeron branch points are close
to each other and to the Pomeron pole., It is
essential to take them all into account
in order to have a realistic description of
diffraction scattering at very high energies.

Two years ago at the Lardau conference we

heard about the work of Migdal, Polyakov and

Ter-Martirosyan 12/ and of Abarbanel and Bronzan

13/

s Who showed how renormalization group
technignes can be used to sum the multi-Pomeron
cut contributions when the Pomeron intercept

is exactly equal to one. They obtained a set of
scaling laws for high energy scattering amplitw-
des. For example, they found that the elastic
scattering amplitude has the asymptotic fomm

"
MG,0D-189 (1) ()¢, (£ns) F[czt (mﬂ W
A oo A8 .

Here M,

independent of the underlying parameters in the

and 7 are critical indices which are

theory such as the triple Pomeron coupling
constant. Similarly F is a universal scaling

function. The only dependence on the underlying

Cs

and in the couplings of the Pomeron to the
external particles and .
4, s

parameters is in the constants and CQ

2
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The renormalization group analysis which
leads to eqe (I) is valid provided the theory
has an infra-red stable fixed point. In the
original work on the renoxmglization group/ 243/
the theory was studied in $= 1/" € transverse
dimensions, rather than in the physical number
®= ’Z « It was shown that for ﬁ) near 4,
i.00y for small &
an infra-red stable fixed point. The critical

¢ the theory does have

indices and the scaling function can be expand

in a power series in ¢ apd one finds that

/2-5/ m = £ [1+ .1158 R 0(82)‘1

2

12
Z‘“fﬂh 336+ o(e)]

For = E= 2 the second order terms in the

€ - expansion are of the same magnitude as the
first order ones. So, although it is generally
believed that the qualitative predictions of
the E- expansion are correct, one does not
know what to make of the gquantitative
predictions.

The situation is even worse 1f one tries
to use the £~ expansion to determine whether
the theory bas a fixed point in the physical
number of dimensions. One can study this
problem in a theory with only a bare triple
Pomeron coupling constant. Then the theory
will have an infra-red stable fixed point

8

has a zero with a positive slope. If one

provided the Gell-Mann Low funotion

computes § to first order in ¢ and then
sets £=72 , one finds that such a zero
exists, but 1t disappears when the E?' term
is taken into account 75/ o Similarly, 1f one
works directly in two dimensions, there 1s
& zero in the one loop approximation to §
but not in the two loop one.

The situation can be elarified by
studying the theory for D=0 , Where 1t is

possible to compute § exactly /6/ | ope



finds that @ does have an infrared stable

zero. However, if one makes the loop expansion

for $

dimensions. There is a zero if one stops after

one finds the same pattern as in two

an odd number of loopsy but mot if one stops
after an even number., The difficulty is that
the perturbatlon series diverges as one might
expect 1n a non-linear field theory. The per—
turbation series is an asymptotic expansion
for small values of the coupling constant,
but 1t is meaningless in the vicinity of the
zero. One can use information from perturbation
theory to calculate § accurately in the
viecinity of the zero by making use of Pade
and Pade~Borel approximants.

The same technliques appear to be applicab-
le in two dimensions. Recently Harrington has

calculated § through three loops ( seventh

The (1,1), (1,2) and (2,1) Pade-Borel approxi-
mapts obtained from his calculation /8/ are

order in perturbation theory) for

shown in Fig.l. The convergence is surprisingly
rapld. I believe that this calculation
constitutes impressive evidence for the validity
of the renormalization group approach to RFT.
One can also use the information from the

three loop calculation to determine the critical
lndices. One finds /6/

M=.22, Z=4.43. 2

If one believes that scaling laws such
as eq. (1) hold, then the next problem is to
determine the energy domain in which they
are applicable. For a theory with only a bare
triple Pomeron coupling constant the energy
scale 1s set by the parameter A = (r'oZ‘ )(’M&
where [, 1s the bare triple Pomeron cou;)ling ’
comstant and o('o is the bare slope parameter.
For ,'A<<1 one can make a perturbation expan—
sion in (O, amd for 3\7/1 one must sum the
perturbation series and obtain the scaling laws,
It is difficult to make a preclse estimate of

the energy at which multi-Pomeron effects will
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start to become important. Because of the small
size of \V, s it would appear that one should
use perturbation theory at present accelerator
energies.

If we are not presently in the asymptotic
domain, then we cannot be certain that the
intercept of the physical or renormalized
Pomeron o d(o) is exactly equal to one, I
believe that it is important to comsider all
possible predtotions of the theory. of (o)=1
only when the bare intercept, Lo - takes on
a certain critical value, L og .« For o(°<o(°c,

o (o)< 14

allow o((‘-ﬂ to be very much below one, which

. The data will certainly not

means that the cutts will still be near the

pole for small momentum transfers. They must
st11l be taken into account at all but the
highest energies. Under these circumstances

it 1s again possible to use renormalization
group to sum the cut contributions. One finds,
for example, that the elastic scattering
amplitude satlisfies a generalized scaling la.w/ 8/

i+
MY ~ 3 3, (0)3,(0C, («, - &0)1—-?(4)

R—» a0
°<o”< °(oc 1
N “E
! N d-K
“F e, s (o w(J , Cs-t(()(cc-"()
?
PL and Zz are the same indices encounte-

red 1n eq » (I). K is a new critical index
and F’ a generalized scaling funciion. In the
1imit o, oo, eq. (4) goes over smoothly
into eq. (1). There are now two dimensionless
parameters which set the energy scale: A
and M :[1-,((0{]%5,1&;;3111 for <A

one needed take into account only the first
few terms in the perturbation series. For %71
and )4(’[ all the ocut contributions must

be taken into account and eq. (4) is applicab-
le. In this intermediate energy region it will
be difficult to distinguish the suberitical
Pomeron from the critical one described by eq.

(). For 4> 1 ege (4) stillyholds. but the



pole dominates the cuts and tpe total cross
section decreases like {;<(°)-1 ]
Up to this point there is a close

parallel between RFT and the problem of second
order phase transitions in statistical mecha~
nicse. The bare intercept plays a role similar

to that of the temperature in statistical
mechanics. The analogy can be made more complete
by studying correlations among particle produced

°<§ = K e
in statistical

in the central region /9/ « For
which corresponds to T:Tc
mechanics, one finds that there are long range
correlations in rapidity while for ole< Ko,
CT‘>er) there are only short range correla—*
tions. The correlation length is L1 *ti(ci] !
However, for /H <4 the correlation length is’
longer than the available rapidity and the
results for the suboritical Pomeron are similar
to those for the critical one.

Let me now turn to the case of Ks> Lo, .
It is clear from eq. (4) that the scattering
Lo = Loe .

We must ask whether it is possible to continue

amplitude has a singularity at

past this singularity and still obtain a sensib-—
le theory. The Green's functions in statistical
mechanics also have singularities at T =¥T} s
They arise because the ground state of the
system is degenerated for “Y<:’Vc. One can
remove the singularity by introducing an
external field which breaks the degeneracy

and then smoothly continue past the critical
point. It is at this point that the analogy
between RFT and statistical mechanics breaks
down. Recent work by Amati, @Glafaloni, Marshe-
sini, Le Bellac and Parisi /10,117 has shown
that the nature of the phase transitliom in RF?T
is completely diffirent from the one found in
the Ising model. Amatl will discuss this work
in detail., Let me just state that their final
result corresponds to the scattering froem a
grey disc with a radius which grows like Zn%i
Amati et al. consider a theory in which there

is only a bare triple Pomeron coupling,.
Universality arguments strongly suggest that
this is sufficient for studying the high ener-
gy, small momentum transfer behaviour when °<o
1s at or near its critical value. On the other
hand in session AI Ter-Martirosyan discussed

the problem of Ao > K o¢ in a theory with all
possible multi-Pomeron couplings r1e/ « He

finds a black disc with a radius which also
grows like Q«\S
this work and that of Amati et al. is unclear

« The connection between

to me at the present time.

Let me conclude by summarizing the present
statis of the theory of the Pomeron in RFT.
For Lo €; «{ o¢ the theory is in very good
shape. It appears to satisfy both R
and t- channel unitarity and to avoid all
of the decreases which plagued the simple pole
model of the Pomeron. For of . >s. the situa—
tion 1s less clear; partly because the work
is more recent. The challenging problem

is whether the expandlng disc solutions satisfy

!
the multi-particle t—channel unitarity /1°7 ,
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THE POMERON AS A NONRELATIVISTIC GOLDSTONE
PARTICLE
I.T«Dyatlov

Leningrad Nuslear Physies Institute, USSR

Usually to fit the experimental data the
vacuun t-channel is characterized in the compex

j-plane by the two poles different disposed
att=0: 9 (\5'—’- &“120)5.11& P'(lASC’&<°).
Only the contribution of P ( and its cuts) is
important for high energies S while the P, -
contribution decreases with energy as &-A .
If the Pomeron E is located exactly at w=0
for t=0 it becomes an analogue of the non-
relativistic massless excitation. The spectrum
of two states in this case is similar to that
one coming from the spontaneous symmetry
breaking of the simplest nonrelativistic theory
with two fields { O(2) symmetrical theory).
This situation suggests to suppose that the P
and P' spectrum is also originated by the
symmetry breaking for the system of vacuum
reggeons. The Pomeron appears then as the
Goldstone particle.

We can obtain all possible forms of the
Lagrangian for such a system e « The procedure
can be described as follows.

For the Lagrangian of this reggeon system
before the dreaking we can use a very general
0(2)~invariant form with arbitrary number of
reggeon operator ‘{’.‘ (?,?), Y:(Z,—é)
and their derivatives { L= 1 for 9: =2 for

g —
P, 3:: (M'&‘; " f is an impact wvector).
Nonhermitian character of reggeon interactions
unambiguously chooses the operator with a finite

vacuun expectation value
+ *
&)
AR R AR LIS

After the excursion of “? the Lagrangian 1is
required to have the nonrelativistic form
without any terms allowing annihilation and

+ +
ereation of reggeons in vacuum "{'-H ‘{’.\ , ‘VL

see Thls requirement provides the system of



equations selecting possible forms for the
Lagranglan, Their maln properties arve

a) they contain only such interactions
which leave P massless and stahle at T=0¢
all vertices of the P— decay are proportional
( T[E‘: T{l:),

b) these forms contain the set of condi-~

to the P momentum K

tions on the different coupling con8tants
( see /2/ ) which serve to cancel the infrared
divergences existing in connection with the
massless character of e -
The simplest Lagranglan obitalned by Ehis
procedure is L ---—(l‘l 3‘1’ \? 3‘\’; \)
IS Wihnariey
A V‘t’ vy 33 B?
Tep VT T
Poavy R (47
Y, \\} ) * A “\’ ‘{’ o
More complicated models enable to describe *
' ' H

and so on,

(2

wlith different slopes

The use of P in the asymptotic theory
( simultaneously with e ) can give, of
ocomrsey only the model description of some
gqualitative features of the sbheme. But it is
important that ?' provides the theory with
the natural energy scele which shows where
the real asymptotic begins to work:

al>1,
&)

As PI is Jncated on the Pgmeron cut it
is really an unstable state decaying inte 2P,3P
ese Its properties can be represented by the
P'propagator. The approximate equation forx
it in the simplest case (2) 1s of the form(')\)o)

GM‘“S J~K+A

o e
4)
K 7‘%‘2___,___.._“—*9\‘ .
}( )= 4 W+ L k?

The contribution of (4) to aut contains

not only the positive term decreasing with
’A *%

energy as (B can be aifferent from

x)In the simple model (2) these terms are
v;rg different from the experimental picture
[

AS-7

”’-) but slowly deoreasing <“ 4{')
negative contribution from the cut., This cut
contribution to 84\:,{ is proporiional to
the same experimentally large coefficient 3 Y
as the term & « Moreover the P-loops
which form the cuts in the P'- propagator
can be considered as coming not lmmediately
from the hadron vertices but after several
steps in rapidity ( P'- 1ine), There are some
experimental evidences that 1n this case

the cut-off momentum L for the reggeon

?
loop 1s large (c(pL 2’1)
ces are in 7%/ ). Thus the P - contribution

( all referen~

contains the negative terms of the fype
2
9 ¢! A
1
o '3 + /'
£ ol
which 1s large ( % P 1s large) and strongly

depends on } (4 L > 1) » This effect
could explain, in prinoiple, in more complioca~

&)

ted version of the model (2) ( even for the
constant contribution ef the Pomeron) large
and fast growth of ekqt at modern energles.

The most interesting effect appears in
P - propagetor (4) at t= “K'z'{a, The pole
in G?' comes here out of the cute. It is
located near the cut at the point

' A4

Xe= o+ 3 x'PK’m 2dpLiexe { .;ll «&('6)
2, D

tloL
Only in the Ggldqtone P theory we can

choose the parameters so that the pole

2
G?a only for ¥ #0Q and never
comes to the reglon W >0

appears in

The contridbution of this pole to the

scattering amplltude is

p3 4 1 2
SRS PTG NIV N &

N K®
This contribution bas the maximum and the
attractive possibility is that the pole (6)
plays an important role ( together with P

and the cut in (4) ) in forming the minimum



and the second maximum in hadron elastlc cross=—
-gections ( pp-elastic scattering). The depen~—
dence €RQ {— "L/K'LK helps this idea very
much, Reasonable choice of model parameters
easily allows one to recomcile the gqualitative
behaviour near the maximum-minimum positions.
0f course, the strict quantitative deseription
for such large t (t” 1.5-3 gev? ) strongly
depends on the model but the existence of the
wpomeron bound state® is very probable
property. of the conslidered scheme,

Papers 1/ and 2/ contain all necessary
references.
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THEORY OF TWE POMERON WITH INTERCEPT LARGER
THAN 1
D.Amatl
CERN, Geneve, Switzerland
What I will tell you is contained in two
recent CERN preprints Ref. Th 2152 and 2185,
The physicists involved are M.Glafaloni,
M.Le Bellacy G.Marchesini, G,Parisi and myself.
I will not discuss the motivation for
this research and, neither, the Gribov
lagrangian that we adopt for the self interac-
ting pomeron, This is given by

—— o — — -—
X=Y9,Y ATTTC M- AT Y )y

. —
where /4=°((°\’4 and ‘P(‘iq g) is
defined in a space with an ( imagi_x_l.ary) time

Y% and 2 two dimensional space & . For )4(0
the perturbative series is meaningful and glves
rise to the Gribov calculus. The pomeron pPro-

pagator is gilven by o2

D, (4,8) & e,xe(y\* - — ) (2
4%/ -
For/A)O the pexrturbative serles loses its
meaning in the sence that every order dominates
over the preceding. This is however not true

outside of the disc defined &‘A'.
v ©
@ = ‘l/4 o ‘3’ .
Indeed if %)\]‘Iﬂd‘ %5 we see from (2) that

D, does not explode and one can check that
higher iterations
words, for all /4

are even smaller. In oﬁ]eer
there is a region in &
space in which-at fixed ‘*- the perturbative
expansion of L as given by (1) is meaningful.

But 1f we want to understand asymptotic
properties of the theory (g-wo) we will be
forced to find nonperturbative solution of it
i M>o.

We will use a hamiltonian method. The
time evolution of thetheory is given by e‘SH

and, therefore, the asymptotic properties will



be controlled by the lower lying eigenstates.
To determine them together with their
eigenvelues, will be our task.

Let us first remark, that due to the o
in front of the trilinear term in (1), H will
not be hermiteans However 1t exists a unitary

‘.
that transforms " into H jees

LHU =0, Lyl =-¥

—

operator L

4
We will introduce g lattice in g space

( inter-lattice distance a). Then

. —_— ! (%)
L%Z\{;(L{) + ¥ ﬂ\\t‘ dz..
e . N by — = v e
=" & P\ Ty Vel %Yy
4,9
{3 .
where (},0) means near neighbours. Our
procedure is to first solve the single site
dynamics and, then, %o intraduce the intersite
coupling, The single site dvmamics was solved

in earlier papers { V.Alessandroini, D.Amati

and R.Jengo. Nucl.Phys. EL08,425 (1976); R.Jengo.

Nucl.Phys. BL0O8, 447 (1976); J.Bronsan,
J.Shapiro and R.Sugar. Santa Barbara preprint
(1976) ). The outcoming spectrum has the

structure of Fig.l.

1A

Fig.,1l

where

_/42’

Ak € 4% (6)

If we call \J[o and }‘\4 the eigenfunctions of
the two lowest eigenstates we have that the
matrix elements of W and ¥ in this basis

are given by
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M

L

f0ﬂ1\ . ﬂ
WO
0 A4 1 i
The lowest 1lying state 1s the single site

x)

(¥=

vacuum i.e,
. e

\{J" X ; = \f\ \\J; =0.
We will now introduce the interlattice
interaction by keeping at cach site only the
two lowest lylng levels, This approximation 1s
expected to correctly represent the lowest
lying levels of the whole system and, 1in
particular, the phase transition. Introducing

the representations (7) for the fields we can

write the hamiltonlan with a spin formallsm as:

W= oL (-33) « L Jyy 1% &' Vg
v S 2 (8
1+ —é.“'—'ﬂr
where z . l_,ul (s)
Ne = (tﬂv'iv"l), 32«%&\3“5’:& EX
Q

iooks as fig.2

The spectrum of |

Figed

For A> De we have a single vacuum i‘f_o:\t} $°
and a continuum with a gap that goes to zero
asb=D, , For ALB, we find two degenerate

ground states. One is still P, , the other

Yo

product of local states only if

is a negative metric one which is a

N = 0.

—_ 4+
%) phe definition of %o is He L where
L is the metric operator that appears
in eq. (4),



Y oand §§ are connected by field
|~} L)

operatory f.e.
@79 =R yv)=Ls,

where ©  1s a number that plays the role
of the order parameter, The S~matrix can be
easlly calculated. If the external particles
are considered as pomeron sources, located
at 4, and %, respectively ( W= PR
18 the total rapldity) and with structures
glven by { (é.) . %(ﬁ’"—é‘) respectively
(§— total impaect parameter), then

Sz("@oe«'\&’[ﬁ\”j é‘i\'\ e—'\,uE%{‘{}i Q‘).’.

(1)
I SR AP TO PR EY C
Qg'ntul

- ~-wt
= exe(-8n (g @) v o(e™)
A

where \S is the collective excitation

frequency { i.€ey the continuum of

i’ig.z). Eqe (11) shows an a.symptoti_?_’scattering
amplitude described in terms of & © independent
positive and factorized opacity. The structure
of the spectrum { £1g.2) 1s similar to that of
the Ising model - related to a ‘Pq— theory -
given by eq. (8) but with Re = (11,0.0)-
However the structure of the ti;wo lower lying
states appearing for AL bc is very different.
Indeed, in the Ising case none of them is the
original vacuum; in bdoth of them the Ffields
would have non vanishing expectatlon values

and they would not be conmected to each other
by field operators ( zero non diagonal field
matrix element). This last property is the one
that determines the spontaneous symmetry
breaking of the {Pl' theory (Y~ - symmetry)
in the sense that the two vacua, being
completely disconnected, define two orthogenal
Hilbert spaces any one of them being equally
good, In our case, there is only one Hilbert
space, The vacuum does not change structure at
b , what happens is that for O < B¢

a zero gap state appears. To understand the

reason of the vacuum dynamical instability,
is bvetter to start from a single dimensional 3

space and with D=9, where

YQ"" D:&" a2
1

3

t
If we construct a (box) state made up of hS o

everywhere but in an 1nter7a1 in which we have

\ - S
X\1( P12.3)y decas ﬂ ﬁ\o n . FXQ
y‘f eLidm
i

X4

X,

Figcj

we find that 1t evolves in time by expanding
with a finite velocity, We therefore understand
the 7acuum_}n:stahility. If a local field p:(ﬂ
operator Y{ (o.) is applied to the vacuum ?O)
it glves rise at Y= O the state XE which
glves a single site box state which expands
therefore with time (‘ﬂ . At infinite ‘,j,xq
will be excited at all sites and ‘?o would
have gone into Yo « The zZero zap state Y
lies over the vacuum @v and depletes it
dynamically.

The introduction of B

o

does not change
the picture ( as far as A £ O¢ ). It is easy
to get from these results that €= 1 outside
the box { disc in two-dimensional #§ space)
this belng a basic requirement of any reggeon
theorys On the other hand,eq. (11) restricted

to the disc gives rise to total oross section
%L
increasing as (60‘3 5) .

A5-10
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ANALYTICAL FORM OF THE FROISSART BOUND AT
FINITE ENERGIES

Yu.S.Vernov
M.N.Mnatsakanova x/
INR, Moscow, USSR

The work of Indurain/1/ initiated inves—
tigations of the Froissart bound of finite
energies. This study was developed in papers
of Common /2/, Stewen /3/, Roy/4/ y
Rlankenbeckler and Sawit /5/ and others.
However, the most stringent bounds have
been obtained only in the pumerical form.

It is known /4/ that the scattering
length 5  in the t-channel is comnected with
the amplitude of the elastic scattering in the

R —channel in the following form:

=4 T (351 R
°('l—1s-sr g -——-—:&,—1:5"‘1'& ? lim,“='1. @
1

AR Az Twm S (+,4) , % (&'1)

1s the amplitude of the elastic scattering, 3

Here

and t are usual invariant variables, We

carry out the calculations for the specific

aq oy’
4 (o)

the following 1sosp1n combinations 0(9—75 ol2 +

(ﬂ
(‘5 ")— A (‘S 1) 2 ﬂ (‘5 '1) From

the inequality H(S 1)>/
Lrncouality is deduceadle (2

i3
Lyt CISOLEVALS

Tere & isan a.rbitra:cy energy, V>4 s an

caseof the scattering. We introduce

the obvious

arbltrary number. Making use of the mean~value

theorem we obtain

Here & 1is some point in the interval (‘S ,\}'5)
It is known 7%/ , that given the value R (75, 1\)

Y% 9(@ v)
by cheocoeing the following values of partial

can be realiced

amplitudes

x INP, Moscow State University.

el
n Q._.L+’2 €Y
0 e>L+?R

oy (%)=

In our case only partial waves with even ﬁ
are nonvanishing. Hence, when Jq‘(&, O) is

maximal, then according to eq. (4) we have
AR N = q\{ Z:(\ggm (4+&0

e?)/?/\'\

Q 2
“‘('ZL“'S)‘Q ‘SL*Q (’\’*‘
Considering enmergies for which 7> 1 and
using the known formula ( see (A.2) in ref./4/)

we obtalin

(i0=15 (2 (1918, 03) o

In order to determine L we calculate

5
L+4
of the following integral representation

S}(Chul /8/,

For this purpose we make use

for

3, (ohd) = S chiehle

e (n

which by means of the substitution Z= -0

can be reduced to the form

g)Q ("WA: IQ.,ﬂ'_Z_ N _XQ_ "% ®

where ({'\'%)d <
A (hd)=
K h = °T V2 sha &
_({ QZ ~%

(f\ thZ ci\w() 42,

1

( &h 2) '
L&

It is easy noticeable that in our case FS

Taking into account the condition &»4

and performing simple manipulations we obtain

f * * N 5

o (h)=Ty, T, o)t

™ I S
yi

where



L+ T A_uL ) (L*3
T ve = e T ("G i) A

x3)(1- 2) KL
o (%) > © and that

numerically it is significantly smaller than

xage-d(L*S’z/X

o One can show that

explicitly given terms. We note tha’t by
neglection of positive terms in L+"l (d‘“ﬂ
we make only the gquantity L larger ( see eq.
{11) below).

From eq. {9) it follows that at energles
of the order of 10 GeV the correction terms with
respect to A are small. We will neglect them
because errors in determing o(z are significan-
tly larger than these corrections. We note
that they are easily caloulable,

We consider the case when o (L"'-s) }/
Otviously )/ 1s an increasing function
of s. The numerical calculaticas show that the
condition k),’} for the 7 97 scattering
1s fulfilled already at %~ 10@ev® . Simple

but tedlous calculations lead to the formnla

Pro e d) = WQ‘M Y
b u{om ( ney >, a9
y= 2 (L+3R)

{x

On the right hand side of eq. (10) we have
neglected the positive terms which are small
in comparison with the main terms. The preci-
sion of eq. (10) increases with increasing ¥
i.e. 4 increasing energy. Returning to ineq.(3)
and sibstituting egs. (&) and (10) into it we
Lo

3/2

F{( 2y %x) SO( )xzﬁfg

obtain the eguation for

, (1

We have omitted tke term (2L+ 5)"2, SLQ( }
which could lead to some reinforcement of the
sought for inequality.

Solving eq. (11) by means of the method

of su’bsequent apnroximations we o‘btain

¥(Z)=ta (842 V *"4 ) gn%(@*ﬂ SX4 (qud('.z\/ 8))

5
* )
m(wzg/m e tm’(&é;\ﬁf_) I 8:30(%‘), az)
Vei-4
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Formula (12) has been written down with
accuracy to the terms which are much smaller

than l. Using the equality

L+
RN
2(F) = ,_A\_& YL (L)

13
m,m 2=c ( )
£ - ovem A
we obtain with accuracy to the temms ~ ‘\l:_g
the equalii:y
()
3(®)=

One can improve this bound by estimating on
the basis of experimental data the integral
in eq. (3) over the interval (A, D ). Let

us note also that the bound on the cross
section in the interval (‘S,\)’&) depends on
its behaviour at energies larger than \,‘S .
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{OF LNCLUSIVE REACTION SCALING
TERMS OF DENSITY MATRIX

Al A, Aviiipoyy
IHEP, Sswpukhev, USSR
Description of multiparticle production

Ao BeLogunov, Vel.Sarria

processes at high enevglies is complicated by
the fact that the number of permitted channels
of the vreaction is tremendously great and it is
a problsm to select processes with a3 fixed
number of particles inm the final state. 1n this
case one Ls Interested in the momentum distrie
bution for a swall number of selected particles
getting no information about the remaining
secondary hadrons { inclusive reactions). So it
is expedlent to introduce a density matrix

that would describe the behaviour of these
plcked out particles in self-consistent field

of all the remaining particles in the Pizal
state /1 .

In the framework of the ggual-time
formulation of guaantum field theovry /253/
raglparticle wave function i8 introduced in the

wm«?‘;}‘; A ICRI R

- { . . -
\s SN pke CIT{RED (YT (1)
“l K?,"‘\)—S(h-") /
i . s @ . l )
§ UL Y G Ly
whave and )  are operators of
nucleon xad meson Tields and |9, v(,z) is initial
state veotor of meson-nucl esnt system.
In the guasipotential approach the singlew

~tlme wave Tunction ‘yn. satisfles the

following squation 748/,

7o ( J
QE; \t) J;eA%h.(t)

€

- ¢ ° ‘G .y N\

wnsze © = 4 1, . Yy y and \/“_*..,‘
areiiuetic energy and interactlon quasipoten~
tial o¢f W44  particles. The equation (2)
is za iztivistic generalization of Schrodlnge*
ecuation for multiparticle system. Likeness of

the guasipotential apuroach with nonrelativistic

AS-16

guantum mechanics is emphasized by explicit
threewdisiensional form of the guasipotential
equation in contrast fo other relativistic
equations. Notice that the quasipotentilal
is not equal to a sum of interactiom gquasi-
potentials for separate palrs of particles.
We shall construct the density matrix
for single-particle inclusive reaction of
equal~time wave functions by means of usual

rules of quantum mechanics A,

$e ({0,210 = T o (4%, A%, MR
-4 :{2) * \Vh(?« ’?2‘“—\-(“,‘ )W(—'&"‘?—\ZQw?h;t) (3

This density matrix describe a behaviour
of the picked out megon inm the fingl state
of meson.nuclecn collislon when the summed
momentum of this meson and nucleon is fixed
and equal 'Ef » The full density opezgtor

is defined as superposition over all ¢ :

§ ()= %‘L? 8= (0. O,

It is mot difficult to see that the diagon~
al element of the density matrix (4) is related

with singlewparticle inclusive cross section:

e
bm O(GKIL) = %Mg;)a X,

~t

waere

T=al (g4, ptw

Starting from the gquasipotential equa~
tion (2) 1t is possible to show that the
density operator (3) obeys the following equa-

tlon of the guasipotential type:

(Ex- E)S');_f (t) - 9-3({)(‘3.&“5‘) =
(6

%



where E“-:. K° -\-\J (—C—W)za-m‘l

and the effective quasipotential is determined
by taking an average of maniparticle interac-
tlon quasipotentials over all multiparticle
wave funotions (1). The equation (6) is a rela~
tivistic gemeralization of the equatlion for
density operator in quantum mechanics and in
its form coincides with the equation for
the density operator of some fictlous pure two
particle state., However the guasipotential '\}
is not equal to true interaction guasipotential
of meson and nucleon but is screened by presen—
ce of agll the remaining mesons ln the final
state. In particulary the imaginary part of '\}
1s not generally positive.

Solving the equation (6) we obtain with the
help of (4) and (5) an expression for inclusi-

ve cross section in the fragmentation region

Kig K
o de (m) 8 (e?) TH
UK == Ky X) xe 55
Iy zEz(z*)?(l)x E .

It 1s clear that if inelastic cross
sectlon and average muliiplicity are slowly
§(e*) = g. &’

where $. also slowly varies. Thus we come to

changing function

radial socaling experimentally observed, Notice
that we derived this result from shortrange
behaviour of strong interactions and relativis—
tic invariance without using concrete form of
the guasipotential '\7- .
In the region of large transverse momenta

K | interactions take place mainly at small
distances less than nuclear size. So the
behaviour of effective quasipotential ”\}
at origin plays a slgnificant role, We assume
that constituents have point-like character and
so the interaction quasipotential is singular.

In this case the inclusive cross sectlon has the

following form as Xi — 4 A
v
o 48 ~ ~ > (4 - X_\)
2K I:k; (?.ﬁ\) A §° : (8)

where § is a constant, the power inmiex n
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is determined by quasipotential singularity
and 0 is related with behaviour at exclusive
threshold.

In this scheme we come to the following
interpretation: the initial nucleon is a
composite system containing an arbitrary num-
ber of mesons. Each constituent ( meson) is
distributed inside nucleon according to the
certain law, The production process is treated
as a breakdown of the composite nucleon. It is
no problem to extend the scheme for the case
of any number of different kinds of particles,

Now we apply the density matrix formalism
to the deep inelastic electroproduction of
hadrons /8/ « In the one~photon approximation
inclusive cross section is reduced to the
total cross section of virtual photon absorption.
We shall regard the virtual photon as a real
particle with mass ﬂf
to the fomula (7) for the inclusive photon-—

s As a result we come

~proton scattering where function q’ = §(K3_,X,h3‘),
“)l — 4 - S%/cvl

tion cross sectlon has the follovr.l.ng form:

o da_ (oW ﬁ(sw) 43
K = = T S <P(§u\) (%)

« The electroproduc—

where

~ J\ f
q (}"Ai)z -—2—-—.'_2“ &'xl&leQ&L}}'u\)’(lo)

Thus the structure part of the electro=
productlion cross section depends only on
scaling variable uS' « Notice that the formulas
obtained here are more general than in parton
modeles In pa.rtioular when ?(S \ g‘\/

ant $(1,wW)=8(3u'-1) £ (3)

to the usual parton model 710/ .

wWe come

How we consider the general case not
restricting ourselves by one-photon approxi-
mation, For this purpose we can use directly
the formulae (7). Using shortrange character
of effective quasipotential we come to the

following expression for electroproduction cross



section in deep inelastic region

S "°°-. “S‘ 1s fixed):
2K d3 7.30 (%) \ (s X \
O I LA N e
where { = _2__2,\}’ %= A - Su\'/5
« -X (12)
— o XG0
« 2(1—x)(d'—4) ¢5))

The structure part of the cross section
depends only upon two scaling variables X
and usl in accordance with the dimensionality
analysis and the automodelity principle /°/

We assume now that electron interacts with
separate constituents of proton through one=photon
exchange so that electron interaction with
proton as a whole remains multipheton, Then for
the smplitude T describing electron scattering
on constituents we have the following standard

. ?. d
form: \T ("Sc,tc)\ = t. (- ‘t‘/‘lmz) { o
L'[(%"_ "3)1 * tc S'—l q)e (tc‘ -

2
St (gt e steam et 20
m? N

and CP“

functions analogles to the squared proton

where are some structure
electromagnetic formfactors. We see that these
structure functions depend only on one scaling
variable
% (A-x)
AN e
- ]
(2-x) (W= A) (25)
which is a combination of Bjorkents and
Feymman' s variables.
scaling law with experimental date is shown

Comparison of this new

in Fige.le. The obtained result points to the fact
that account of multiphoton exchange in deep
inelastic scattering of electron on proton may
lead to new scaling law for the cross section of

this process.

2(4

Fig.l

In conclusion the authors would like to
express thelr gratitude to M,A.Mestvirishvili,
M,V.Savelievy, N.E.Tyurin and O.A.Khrustalev

for useful discussions,
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INVESTIGATION OF THE POWER AUTOMODEL
ASTMPTOTIC BEHAVIOUR OF THE LARGE-ANGLE
HADRON~EADRON SCATTERING

SeVeGoloskokov, S.PesKuleshovy V,A.Matveev,
M. A, Smondyrev
Joint Institute for Nuclear Research, Dubna

The investigation of the power automodel
asymptotlc behaviour of the large-angle
scattering cross sections is, at present, an
important problem of high-—energy pbysics.

Here we conslder the power decrease of
differential cross sections at large angles
in the framework of the Logunov-Tavkhelidze
quasipotential approach /17 .

The power decrease of large-angle dlffe-
rential cross sections discovered 1n recent
experiments 12/

2 56
was treated on the basls of the principle of
automodelity /3/ 9 1e2ey on the basis of the
assumpiion on absence of essential dimensional
paraneters defining the dynamics of interaction
at small distances. By using the dimensional
analysls and conslderatlions on the composite
nature of particles one may relate the degree
L in (1) to the number of elementary consti~
tuents of hadrons, For instance, for the binary
a+db — a+bh
we have h = 2 (na+ne-1) , where hNa and hg

reaction

are the numbers of elementary constituents
(quarks) of hadrons Q and 6
In paper 14/ the explicit form of angular

s respectively,

dependence of differentlial cross sectlon of the
large-angle high energy scattering has been
found for different processes on the basis of
the dynamical interpretation of quark diagrams
for two-particle scattering amplitudes which
results in a generalization of the "quark
counting" rules.

On the basls of these imvestigation
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results,in papers /5/ the problem was

raised concerning the structure of the local
two-particle quasipotential which produces,

in the case of large-angle two~particle scatter—
ing, the behaviour of type (1).

In this report the scattering both of
spinless particles and of particles with spin
1ls analysed in a unique way for the quasi-
potentials obeying the representation

A foA - x&* -2
g(g,-Zz)zg(e)dey(E;X)e t=-4° (
o
and being analytic functions of £
half-plane Re €0
ﬁ(E;x) is a matrix defining the nature of

in the

« In representation (2)

interaction at high energies, with a rank
dependent on the spin of particles. The main
energy dependence in eq. (2) 1s factorized
into Q(E) which depeiuis on E by a power
lowe At X fixed P (E;¥) is assumed to
be slowly varying function of energy. Also it

A
is supposed that for the demsity S (E;X)
there exists the weak limit
A A
0cm 6NP(E;X=2/5) = W(Z) (3

§» 00
N>0 .

O0<hcos ,

Note that in describing the interaction
of particles with spin we use essentially the
requlrement of &c invariance of the interac-
tion at high energles and large transfer
momenta 8/ .

Quasipotentials (2) obeying condition
(3) are called aralytic. Later we obtaln a
formal representation for the large-angle
high energy elastic scattering amplitude for
particles with arbltrary spin within the
quasipotential approach. For concrete
scattering processes it results in the follow-
ing asymptotic behaviour of the differential
cross sectlion of the high energy large-angle

scattering
20 X0 % | +
%f-(s.t%/e / = 1(3),



where X (0) is the value of the #ikonal
scattering phase at zeroth impact parametex.
Recall that the elkonal fumetion K ( Z)
defines the behaviour of the scattering amplie
tude at small angles. Thus, the result
odtained allows one to establish certain
correlation between asymptotic forms of the
scattering amplitude at smgll and large angles,

Consider the quasipotential equation
describing the interaction of particles with
spin which is written in general form

G(e;R) = §ie;7-7) + [ (e;7-4)x ,

A ’.., A —
” EIZJ(;’E)"QE)"' ~-io G (&, é,' %)

where E=Vmz+P>+ Ym2+P% 14 the total energy
of particles in the ceMeSey, E£(§) =Vm2+3%4
are the masses of the first and second
AET) 444
matrlx which ferm depends on the spin of
interacting particles. We do not need here the
explicit form oz A (E,7) .

Assuming the quasipotential is given by
representation (2) we will solve eq. (4) by

my and m?_

particles, respectively.

iterations

A = 4 vd A A 4 -)
G’(E,~F",I—L')=ZG-”“(E,'3,()’ Gy :g(E)P-,‘: ,
n=0
A .
On changing variables, Gu.s (E;P.“)

can be transformed to the form

A Wi 4
G &72)=[.folrs..d, €xp LH/Z 153 T a5

where :;., (g s ¥ner) is a 3n~dimensio-
nal integral. By using representation (5) we
analyze the behavlour of the scattering amplitue
de at high energles and large angles, le€ay

in the reglon §— oo, [tl/g = -,': (1- %)

fixed. In thls limit the main contribution,

to the asymptotic form of integral (5) comes
from the region i/Z i ~0 otherwise

we have the decreasing exponential function

exp {-1¢1 /5 1/,'.-} o If condition (3)
holds, the ma‘in contribution to the asymptotic
form of (5) can be shown to come from the
region where only one of X' ~C , In this case
we find the following formal expression for the

scattering amplitude L.
A o) B A L\ B X(0)
GeBR) =€ g(e F-F) € ©

with notations

where g(/\‘(E}F) is the Fourier transform
of guasipotential (2).

Consider now the contribution of exchange
forces for the scattering of different partice
les. The quasipotentlial is written in the form

A A
- A - Y 7z
Vie;5,7) = gle;FR) + h(EER) (D
A A

The quasipotentials g and h  are

called direc:\t and exchange parts of the quasi-
A
potential V , We assume for 9 representa-
A
tion (2) and for h the following represen=
tation
*3”-‘.* K)z

t?[e,-[”,/?)= h/e)fdyé(e;g)e _(@®

A
We assume also that the densities £

and & obey the weak limits of the type (3)
with identical N
Furthermore, let the scattering amplitude

T be represented as a sum of two quantities

A

A A
'T,=-G"+H, (9)

Then inserting (7) and (9) into (4)
we arrive at the system of guasipotential

equations A
é - g+ §oG + hoH (10)
ﬁ = h+h®G+ go®H. (1)

For the meson-nucleon scattering the
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backward scattering peak is suppressedsy l.e.,

R R

§(£;1Z¢l~0) . N
Therefore, when the quasipotentials g

and 1’? obey conditions (2),(8) and (3), the

last term in eq. (10) may be neglected. In

this way the system of eqs. (10) and (11)

becomes uncoupled., The contribution of é

has been analysed above, next, we consider

only the contribution from the exchange part ’7 .
By using the method developed it can be

shown that the main contribution to the

asymptotic form of /'7' at large [u=- (P+ “)7“5

+ Then
A D
BIEY X o)

comes from the reglon Y~C

A A A
A - {X(B(F) .
Hle,pe)=¢€ hie,p-i0 €
Thus, with (6) taken into account, for the
scattering of nonidentical particles the total
scattering amplitude at large angles has the
form " 2 )
(B(R)X(g
A LB A
Tlepl)=€ L (g,F-¥)+ L(E;P*Z)Je

Now we proceed to calculate the scattering
cross sectlions for concrete processes. First
consider the scattering of two lidentical spine
less particles. The quasipotential being a
scalar function, with the exchange forces
taken into account,is written in foxm (6),
and the scattering amplitude can be represented

by (9). With crossing symmetry, we have

T(E;PR) = X 0)[3(E;t)+g(5;u)j

and
. 2 R
de . 1 )el‘x“’)] jg(E;{;)Jrg(E;u)}'
- 2
dt S
Consider now the scattering of g scalar
particle on a spinor one. The gquasipotential
is taken in the simple 3’; ~ invariant form
with the densities

Yo ff;[eix);
B/O g \/E;.X) »

§(E‘,'x) =
& (E;x)

1

Passing to the differential cross

section

' Z<wp)iﬂw)><wol'r [ (B>

spin
we get

de . (.+z)/82"2"”/7‘/57{5,‘1?-17% J:/E,'P’*E)/2
P

~

Here X 1is elkonal meson-nucleon scattering

phase

20 X(E) =~ P j dz V(€ V25E%).

Analogouslys one may consider the large—
-angle NN scattering. However, in this case
we choose the elkonal phase as follows

1 y /2) 9’
Y (o) = Ry Xe)

that impllies the spin-flip amplitudes are small
at high energies and fixed transfer momenta.
The quasipotential 1s tzsken in the 5/5" inva~

riant form

FifR) Q\ a) (2}
V{S'{;) {a)i X:/,.i f“(1~ ,; rﬁ M %(St)

As its expressicn 1s combersome, we omit
it here ( see /5/ ).

Now let us give a simple exsmple of the use
of the above formulae. Let the densitles have
zero of a finite order at X+ O , Then one
can find the following expressions for the
differential cross sectiloms of different
processes:

A, For the scalar particles

de . A 2""‘”’/2_ ESNFIN A
de T sz [ (1-2)"  (1+2)"

B. For the meson-nucleon scattering

2
0(6 (1+%)

OH'/ 32»/42

) 2.‘)5(0)]3[ A A
(-2)" (H—Z)

Ce For the nucleon-nucleon scattering

%@ ~ /e?_-)(,w) {/o(fﬁ/ [/‘“z)zua 2
+

ST
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(-8R g )"t (/—2)77_

atag ez e or

The parameter in these formulae can be
found from comparison with experimental data
that has been performed for the F-/F and PP
scattering at emergles P, 2 7 GeV/c and
large angles.

The results of calculatlon are drawn in
Flgse 19243 and are in good agreement wilth

experiment.

3
]
~
8
h
0% 4
Y [} 75
Cos8

]
4
.

3 s%(ae/at)

5 a -5
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Fige2e 33(—3‘%) for TP reaction

0"+

SO(as/at)
b §

3

L L n Il A

ia 5 D
Cos 6

Pigade § 10(5(_{;3_) for ff reaotion.
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HIGH ENERGY BEHAVIOUR OF GAUGE THEORIES
Tai Tsun Wu
Harvard University, USA
In this report we discuss the high energy
behaviour of gauge field theories with
emphasis on its application to hadronic pro—
cesses at the energies available at ISR and
Fermilab. We shall be concerned only with the
1imit )
% - oo
with all transverse momenta fixed., Here as
usual ‘& is the sguare of the center—of-mnass
energys We shall discuss the followlng cases:
1. Abelian gauge theory ( electro-
dynamics);
A, Pomeron exchange
Be Quantum number exchange
2. Non-Abelian gauge theory ( Yang-Mills—
theory 1/ Ve

The present status in these cases is as

follows:
Result from Phenomenology
gauge fleld apd Comparison
theories with experiments

Abelian Pomeron v v

gauge  exchange

theo— Quantum

ries numbexr V]

exchange
Non-Abelian gauge
theories V

Here a check mark V means that a good
deal of information is now known while a blank
space means the almost total absence of use-
ful informations It is clear from this table
that an urgent problem is to develop a
phenomenology for guantum number exchange on
the baslis of the high—energy behaviour of gauge
theories.

The gauge theories are all studied
theoretically on the assumption of summing the

leading terms, We emphasize that this is a

pure assumption and may well be misleading,.
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1A. Abelian gauge theory - Pomeron
exchange,

The leading contributions in this case
come from the tower diagrams. The result was
first given by Cheng and Wu /2/ for scalar
electrodynamics (SED) and slightly later
by Frolov, Gribov and Lipatov /3/ for QED /4/ .
In both cases, the result is, give or take

1+ R oLl
1 2

is positive, but different for SED

a few QX\5 3

where H
and QED, This is the origin of "Pomeron above 1%
Cor L{0) D1 )extensively discussed at this
Conference.

This result is interpreted as the
saturation of Froilssart bound /5/ and applied
to hadron physics by Cheng and Wu /6/ to
predict the infinitely rising total cross
sections, Quantitatlve results are obtained
by Cheng, Walker and Wu /1 by an optical
model with potential increasing as X increa~
stzg { now sometimes referred to as geometrlcal
scaling). Subsequent measurements 7893/ gt
ISR show that the actual increase in pp cross
section 1s about 50% higher than this first
phenomenomogical model, Using the ISR measu—
rements on ppy, the parameters of the model are
improved /10/ and used to predict the total
cross sections for "]Ta Kte and _ﬁ"f) o Fig.l
shows the theoretical prediction together with
all the measurements avallable at that time.

In fig.2-4 we show the comparison of
theoretical and experimental // total
cross sections /1e/ + We emphasize that 1n
the cases of fige 3=-4 the data were obtained
much later than the theoretical prediction and
the comparison supports the theme that results
from quantum field theory are useful in the
understanding of hadron physics.

There are many other theoretical pre-—
dictions, Those that are verlfied include

the existence of pilonization plateau 713/ H
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Fig.l, Experimental data from Serpukhov,
Fermilab and ISR together with
phenomenological results
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Fig.2. Comparison of theory and experiment
for pp and pp total cross sections.
The ISR data for pp were obtained
before theory, while the Fermilab
data for pp and pp are after theory.
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Fig.3. Comparison of theopetical
predictions for 9T~ f total oross

sections with later experimental
data from Fermilab.
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Fige4. Comparison of theoretical predictions
for kI © total cross sections with
later data from Fermilab.

Real/Imaginary for forward scattering /1473
rising total edastic cross sectlon /6,8/ H
movement of the dip inelastic scattering to
smaller momentum transfer 76515/ 3 and most
recently the rising plonlization plateau
discussed this mornlng by Prof.A.Blalaz,.
Predictlions that remain to be tested include
the photoproduction of ¢ and diffractive
production of P* /s .
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1B. Apelian gauge theory — Quantum number

exchange

Fermion exchange in QED was first studied
by Gell-Mann et al. 722/ . Under the assump—

tion of summing the leading terms their result

for the positive signature amplitude is correct,

but they missed a sixth—order diagram in the
negative—signature amplitude, The corrected
result for thilis negativesignature amplitude
shows a fixed cut with a simple pole coming
out at a physical value of momentum transfer
/195207 . Therefore there is great similarity
between quantum number exchange and Pomeron
exchange /19/ .

2+ Non-Abelian gauge theory

The rule of computation for Yaug-Mills

theory 3/
/a/

was first given by Faddeev and
Bopov s+ To avoid the complicated problem
of infrared divergence, we introduce as usual

/22/ « The calculations are

Higg!s particles
most conveniently carried in the R gauge of
tt Hooft 723/ « The study of the high energy
behaviour was initiated by Nieh and Yao /24/ ’
but their result is qualitatively incorrect.
The correct result in 601 order comes from
about 20 dlagrams and was first given by McCoy
and Wu /25/ and Lipatov /26/ o Fadin, Kuraev
and Lipatov /21 s using an assumptlon of the
multi-Regge form that is explicity verified

in the eight order /2% , obtains the sum of
leading terms for Pomeron exchange. This
result for SU(2) is

4+ X (h)/ ="

again a Pomeron above 1. Therefore the similari-

ty between the Abelian and non-Abelian cases
is most striking. Fadin and Sherman = have
treated the case of Fermion exchange in Yang—
-Mills theory. Both topics will be discussed
by Professor Lipatov in the following talk.

I thank Professor A.A. Anselm and K.G.
Chetyrkin, M.IleSakvarelidze, M,A,Smondyrev
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for thelr most kind help in preparing this

reporte.
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MULTI~REGGE PROCESSES AND THE POMERANCHUK
SINGULARITY IN NON ABELIAN GAUGE THEORIES

LeN.Lipatov
Leningrad Nuclear Physics Institute, USSR

le My talk is based on the results
obtained by V.S.Fadin, EB,A.Kuraev and muself’l/,
I would 1like to tell you about our calcula—
tions of the high energy asymptotlics in non-—
—-Abelian gauge theories, The papers of other
authors on the subject are enumerated in ref./2{
Our final expresslion for the elastic scatter-
ing ampllitudes is obtained as a generalizatlon
of our results valid up to the eight order
of perturbation theory. The result of the
tenth order calculation by Be.M.McCoy
and T.T.Wu 73/ coincides with the correspond-
ing term 1n the perturbative expansion of our
final expression and therefore it supports
indirectly our conjecture of a mulii-Regge
form of production amplitudes,

To study the Pomeranchuk singularity
at }-—‘. 1 in perturbation theory one is
obliged to involve vector particles. Renorma~—
lizable field models containing vector
particles are based on gauge theories., In the
simplest gauge theory quantum electrodynamics
(QED) ~ the leading } plane singularity
turns out to be a fixed branch point at

'X= A+ %'WGLQ 74/, the violation of

the Froissart bound here 1s a result of the
fact that the photon is not reggeized in QED.
More realistic models for the strong interac-—
tion may be based on the Yang-Mills flelds
with the Higgs phenomenon, In these theories
the vector boson is reggelzed as it was shown
by many authors by studying several orders
of the perturbation theory ’e/ ( the
fermion is also reggeized - see ref. /5/ ).

Therefore the main reason for the viola-
tion of the Froilssart bound in the leading
logarithmic approximation is absent. But our
result is a disappointing one: the leading

plane singularity turns out to be to the
right of the pointhl .



2, The field model we have used
contains an 1sctriplet of vector filelds with
mass M and a scalar isosinglet (? » This
model is obtalned owlng to the Higgs phenomenon
from the theory with the Yang-Mills fields
interacting with a doublet of scalar partioles

with negative mq' .

We have calculated the asymptotics of
elastic scattering amplitudes in different
channels in the kinematical region:

2
A nt, -t (1e)

provided that

2 R (
Ib
0}7“<<1, 4 s ~1. )
M

The calculation method is based on using
the dispersion relations in %- and t~-chanmels
and unitarity conditions. Therefore it is
neces to k

sary to know inelastic amplitudes A'l-'l-!-n
to find the elastic one. We have verified
in lowest orders of the perturbation theory
that in the multi-Regge kinematical region

the following expression holds for inelastic

vector=vector scattering amplitudes: (tH
- <, oL (b1 o2
A'l - % r R4 5 'S-)_-s
- 2en — —
A=, ™2 w/ (2

tq - m'l C’lc4 _t 2\

% 2=
’ <&“M~n+9. /m'l) (tm«\-’i

Crad
tova - mt? R+Dy »
'&""\*_1»“(\1: - t;. ~m
where R v 1s the squared sum of the

energles of the produced particles %D %L -4
in their c.m. system, C;_~1,2,3 are the
lsotopic states of the virtual vector bosons

wlith mass \r;\ and

2
=4 + j’_ - __(1'__.\5____——(—"“"
4=+ ot ")Xm o o

9=t

For N= 0 the relation (2) demonstrates the
reggeizatlion of the vector boson <°¢(Nl)=1>.
For 031
the Born approximation and by calculating

we checked the relatien (2) in
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first radiative corrections. In Eq. (2) the

vertex functlons v and X have the
following form' g) %

<
- %ac%?\ 'Sax RN ?"‘(4&1}

A & 4
the case of scalar particle production and

€4
laep,=*v € AD, 2'q o, x‘bo,d«:

1, Ag=1, '))S D4 (4)
{ Y2, aa=3 yc').c«\=_\ E®4Czc4 1’\_-‘\_(";1'4)

e, (?m,P oW \)_ ?S(?31 b, tz-n‘) e
?‘\ ?3 ea't ?“ ?3 Pa qu ?B M

in the case of vector meson production., Here
are the isotopic indlces of the produced
particles and 7\9-—‘ 1,2,3 ave theilr S channel
polarizations (7\3);' 3 corresponds to a
longitudinally polarized vector particle),

The multi-Regge region

n&\\.*‘\ & ‘\!

gives the main contribution to the

R >7m )

LyL+A

R a.ndu

channel discontinuities corresponding to
(n+ 2) particle intermediate states. By using
the dispersion relation in 4 channel and

by summing contrihutions from all intermediate

%4+ 00

a's!
e e {00 2 )
-1} - e '
e Loy,

¢ m 2‘:(12 e
%X 'M.C.‘. +%2“3%2~ 3][(1}5%2 k . "_ )\03%285
C 4

a' ey Cx=2-37(T+),

i

-2 “~

By 5 vy T+1T,

where T is the total isospin in the t channel

and C‘,m
A A

t ~channel partial waves

€

i

are the Clebsch=Gordan coefficlents,
;T
QY
satisfy the fol]iowing equation.[y\b_d/\(-\( )4l (1{})]
.{J(K,Qv K) -—-—L———-T .,B “2 + (R-\-% +8 N)g Sd:lK
9,373

‘guj (x’ ‘1/"\() 2 '

‘ +a. % \dx N 9K
(K'gﬁ-m’l)((‘\:“K',Lm‘l) T(.zﬂ)s LANR *

Ck-K)2 4 m? ]
(k7‘+m7'
LB Deraumne
K F+ m?

(G }
(4K V%> J- Q)




The solution of this equation for V=1 is
") =
‘%&(Kﬂc\l‘\( (%2‘”“2)(“8 +4—o((ovl)) (8)

T=1

which shows that the assumption (2) is self-
consistent: we have a bootstrap schemein which
a multi-Regge equation gives in the j plane the
assumed Regge behaviour,

For the cases \=C and \= 2 Eq. (5)
leads to the J plane cut singularities result-
ing from two reggelzed vector meson exchange.
In the vacuum channel T =0 the Equation
can be solved exactly in the region K}»Ml‘
The leading j plane singularity turns out o

to be a square root branch point at &=14»§3 Co.

{ In the general case of the gauge group SU(V)

. 2
the branch point is located at )= 1+ N & (,“'2)
5 :

Thusp the total cross section in the non-
Abelian gauge theory increases as a power
of 2 although the cross sectlons for the
production of any finite number of particles
decrease rapidly with energy owing to the
multi-Regge form of inelastic amplitudes (2).
The reason for the violation of the Froissart
theorem is that the 2 channel elastic unita—
rity is not fulfilled in the leading logarith~
mic approximation ( in Eq. (2) the contridu—
tion of the vacuum t-channel state should be
taken into account when ‘528“ i\_'l > '\ Je

There is an interesting phenomenon
valid in the leading logarithmic approximation.
It can be shown that at large %7‘ Pn %\2>7,1
the essential region of integration over K:.

grows with energy. If one modificates Eqe (7)
"

2
Y
1*3%“;
instead of the renormalized charge le it m"i

2,1
by introducing an invariant cha.rge‘}(Kl)

results in the decay of the fixed branch point
into moving poles ( their total number is of
the order of J/'z ) which, unfortunately,
remain to the right of y=1.

It should be stressed that in our leading

logarithmic approximation the vacuum singula-
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rities emerge as bound stated on only two
Reggeons with T‘: l. One can hope, however,
that an appropriate Reggeon field theory simi-
lar to the Gribov calculus with Reggeon
vertices which can be computsted hy perturbati-
ve methods would lead to a selfconsistent

theory compatible with the Frolssart restriction,
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MULTIPARTICLE REGGE POLES AND THEIR TRAJECTORIES
S.G.Matinyan
Erevan Physics Institute, USSR
This talk is based on the three papers by
A.G.Sedrakian and author /7 |
It became usual to relate to the reggeon
a sum of ladder diagrams though the % qfs‘

= 1

In this connection it always seemed

theory gives its intercept near

attractive to provide the positive intercept

by the inclusion of mulitiparticle states in the
t-channel. Well known Mandelstam dlagrams
corresponding to multi-particle states in t-
channel and giving the branch points in j-plane,
of course, are not enough, as they refer to

the multiparticle configurations where only
"two-body bound" states are present., However,
in the theory with attractlion it is possible
the formation of many-particle bound states.
This problem was first considered in the field
theory by McCoy and Wu/4/ « They showed, that
the contribution of fig.letype diagrams to the
asymptotics dominates over the contribution of
fig.la type Mandelstam diagrams corresponding

to the reggeon—~particle cut.

e s 4w

Fig.la Fig.1lb
We generalize here this important
result for the case of an arbitrary number of

particles in t-channel.

Let there be114+¥11 particles in t-channel,

of which "\,4 emit and Y\, absorb an arbitra-
ry number of particles. Fige.2 gives the example

of the considered diagrams.
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The detailed anmalysis shows that any
line from W4 group can be connected with any
line of the ¥\, group, giving thus the additio-
nal factor 32 Q“.é.

m?z
one group lines are not essential giving the

. The connections between

2
factor ~ j + Leading logaritbmlic asymptotics
of the diagram of an elastlc scattering with
n=n4n, particles in the t-channel and L

-

horizontal lines has a form ( 9, is the trans-

verse momentum):
() 2l
Comal (W3] R

) “2)>_

First, consider small 9,

-
(H,l Ln m> . Summing all the topologlcally
different diagrams of the 2.(l3*-n) order ob-—

<r“1(2)

values

talned by means of the rearrangement of
horizontal lines as well as of all the possible
crossings of vertical lines both within |,
and N\ group and the crossings of N4 group

lines with W, group ones, and summing over \4

we find the following asymptotics { for —‘ =0)
-1 (3 Gp\™ el ‘( )m 1

t

() )" (%
(m “Q\
ol L)
] <é'=> ) (2
wm Dang ’



where

(“ﬁ“zw 1
()= +4 + a0,

/k’\) K \A\U)

( X«- is an arbitrary constant connected

46"?7

with our inability to solve WA~ body problem

exactly),
and o k?’ 2 “,,V\Q
&l ) o

1s a signature factor.

The most essential result here is the
appearance in (3) of the term with WaWig
factor, which means that, in prineiple, multi-
particle states in t—channel may lead to a
positlive intercept 1n the field theory with
spinless particles.

Formulae (2)~(4) show that we deal with
h4n2 effective ladders coalesced slong all
the length of their ribs., In spite of this
coglesnence eaoch ladder preserves its individu-—
ality as it seem from structure of signature

faotor.

The simgularity (3) 1s a pole.

por G40 (\T]& nm)

2
(tang) _, 9 %
& (‘1/)"‘“*‘ Y EWE 2

{4 _ 8 Xz \
wt m'L
1s constant of order of unity.

we have:

2
K° (2 x) (Y109 (s

where ?
For the slope of multiparticle Regge

pole trajectory it is easy to obtain:

S (Mafa) ., 0(1(4,4)

(“4“'“1\

(63

1 {1,4)

where o is the slope for simple

ladder with two particles in t—-channel,

For \GC | > nam  we nave:

VR {PD 2
Re oL o) (F )= —ara x i, )
C A gy (200
A6 2 °\7“ '
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Tkus, the ohserved multiparticle Regge
woles realize the Mandelstam conjecture 75/
that mulilparticle states in the t-channel
ia to provide the linearity of Regge trajecto-

Tlage. Figure 3 1llustrates this fact.

|
Redd(t) &)

(R, N beaito, vr 32yt f,‘/

& N nar )

Fig.3
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UNIVERSALITY OF HADRON MULTIPLICITY IN
COLOBR~GAUGE THEORY MODELS

JeFe.Gunion
University of Californie, Davis, USA

We are accustomed to the idea that in
€¢ annihilation the final state begins as a
fast separating CL—:]': palr, and that the
final state hadrons are produced in ordex

to prevent the appearance of quark gquantum
numbers., The multiplicity intuitively must
increase as the relative rapidity of the cb
and :i increases; This report deseribes
briefly a model in which these ideas can be
quantified and extended to other interactions
such as deep inelastic and hadron hadron
scatteringe.

First we recall the remarkable multi-
plicity universality studied by Albini et al./z/.
They £1t PP X_
hadron hadronj

Cny  =2.50+98E+ 53 &Zsceg(ﬂr)
e e}

average multiplicity by

where E(::m: W‘ma‘mg ‘—‘E' 2 mg
(Note that a {u%
describe the full range of data). They then note

term is required te

that this same function , £ 4 describes
multiplicities in many other processes. In
particular

» -
e e annihilations

()

and
deep imelastic;

(Y\ = 2 2
>€e~e‘x {(W )7 w=2ml-Q° ©)

among others.

Secondly we remind the reader that in all
these cases, (1)=(3) the produced particles
form jets. The collection of particles of
limited ©r along the beam target axis

in (1) is just as much a jet as similar
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collections observed in (2) and (3). We shall
see that both the universality surmarized in
(1)~(3) and the jet structure 1s expected in
a model where separation of color quantum
numbers results in radiation of soft colored
vector gluons, which in turn materialize
into hadrons r2/ .

We begin by abstracting the basic
features of such a madel and return to specific
details momentarify, The multiplicity in such
a model 1s a functien of: a) the color quantum
#k’& of the separating objects; b) the rela-
Yoo = R0, P2 /‘“4“‘9_

of the objects ( labeted 1 and 2)

{ny= {(wlm’ Q#'%; redoline Yﬂ\) ®

tive ranidity

Plavour guantum pumbers,etc.,of the objects
which are moving apart are irrelevant., In ete”
we know of course that ove makes a 3 and 3 of
color moving in opovasite directions in the
20 93 =3

center of mass. Since we have

ey, . = {(353';‘5). )
e e

In deep inelastic scattering the massive
photon strikes quark in the incoming color
singlet hadron forcing it to separate from
the rest of the quarks in the hadron ( the
collection of which we call the "core"), If

the hadron has momepntum £ , the struck

V_ 4
quark has final momentum X®+9, (\;3: 2(_:17._ = ;(_
the core has momentum (A-%) © . Thus we

establish immediately after the interaction a

separating 3 and 3 of color with

28,05 = 2(x+4)(1-%6) =W"  fence

Loy = {(3‘3‘7\’\/2)
efP- o' (6)

% 2
is indepent of (Q at fixed W  as experi-
mentally varified. Note that we have not
needed to refer the ™hole"-guark communlcation

- —
or equality of €%  and hadron plateau



heights in order to derive (6}/3/ . Our one
assumption is that the 3 or "core" state mn be
treated as a single radiating particle with a
mass near that of the original bound state
proton. As the momentum fraction X— O

the quark probed comes, in general from "sea"
multi- 9,9,

ha.droz?s Fock space. Tpus our core will consist

pair states of the struck

of many quarks but all, we presume, with the
same veloclty and thus part of ooherent
state. This assumption may hold in a strong
coupling limit but 1ls gquite orthogonal to
standard multiperipheral approaches to the
quark Fock space states. Additlonal arguments
in support of the X~ O continuation

appear 1n Ref.2.

Turning now to hadron—hadron collisions
we may visualize ( in the center of mass,e.g.)
their interaction as occuring by annihilation
of a low momentum quark in one hadron with a
low momentum antlquark in the second hadron.
Immediately after this annihilation the -‘3
and 3
travelling in opposite directions along the

cores at the respective hadrons are

collision axis, with essentially the full
2603 =3
and the multiplicity of hadrons will be

O = {(3'3’7 2) <

momenta of the hadrons. Thus

In the case of hadron scattering it is
clear that only % 9  annihilation leads
simply to universality of multiplieity. For
instance in the Low-=Nussinov model of the
Pomeron /4/ the interaction between incoming
hadron color singlets occurs via exchange of
a colored (octet) gluon so that the incoming
hadrons are transformed into rapidly separating

color octets. Simple group theory yields

(ﬁ) (‘ﬂum e‘cluumie):{( -9 :S)’I (8)

HH - X
;{3_{(3-'3“;&),
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so that at the same S ( corrected for mass
effects as below (1) ) <“>\—\\—\—->C.¢ <“>e+€—_.>c
contrary to experiment. In the same model
one expects the multiplicity in deep inelastic
processes to change by a factor of io‘t fixed W2
as one goes from the valence domina:ed
reglon (X)% ) s where 3'—':’; separation
chearly occurs, to the "Pomeron® region(x< .’1),
in which the gluon exchange ( present in HH)
should dominate.

Turning now to specific details we wish
to calculate the multiplicity of colored
gluons radlated from a separating 3 and 3
of color. This problem is entirely analogous
to soft photon radiation from separating
charges 13/ ;5 if we presume that the W gluon
cross sectilon follows a poisson, as in the usual

QED soft photon-problem, then we may calculate
) gluons from lowest order diagrams. The

result is ( in the c.m. frame with cos

angle of gluon w.r.p. to the 3)
éf_gduwose(§3*§g)(w’5?‘9—1)
X T B020) (14 S5 esn )t ¢

(n o(&

3&401\-5 9)

Eqe (9) bas two logarithmic singularities; one

arises from ¢o38=%4  and the second from the

K
'{'T photon momentum integral. The desre
integral in fact gives directly the relative
33 rapidityé.a a plateau in d.n )
d Yz

while the %_.K iptegral can cause the

plateau to rise as indicated by (1). The result
is ( for ("393"""’ )

M) qtnne, = 4 %{e’“ 2R P (205

- 2
K main
+C4) B Cz‘g

where the infrared cutoff Kwis a natural

result of the fact that long wave length

10)

gluons cannot glve rise to color singlet had-
rons 12 A> R hadron * FOF )‘)Rh'admn all
the final hadrons appear to be "neutral® and
the gluon coupling vanishes.

We, of course, imagine that the emitted

gluons turn into quark-antiquark pairs which



then match up to form hadrons. Thus

11

LnYy ~ < W>c&€u0h&

[ (5N
and by using the fit (1) and the theoretical
form (10) we obtain ola “ 0,46, There are
several other interesting features of this
theory but we mention only one. Consider the
fragmentation reglons in hadron hajron
collisions. In our approach particles with
substantial )(G VLD not arise from the soft
gluon emission subseguent to the dyq, annihi-
lation ( which defines the interaction). Rather
they are most probably fragments of the fast
quark cores which appear immediately after
the annihilation. The dimensional counting
rules then make a specificprediction for the X‘;

dependence as XF —= 1

B (xe) £ &
Hy=Hir,
where %(’Q

H/H, cote
of H1 to emit a secondary H

fraction K

« In genewal
N, 4
L (A-%g)

H/H,‘cnre (12)

is the probability for the

core with
of its momentum and W is the
minimal number of spectator quarks left over
after the emission. For example conslder
PP« X . The minimal core following
‘§V+
consists of o (PW) quark pair, Upon emitting
a ¥
pair of (an) guarks. Thus

F

interaction capable of emitting w

the minimal spectator system is a
Ng=7 and

3
(XF)O( ('\-Xg-) independent of t

Pearye
and Pr ° Experimentally the power is = 3.5
and is in fact independent of 1 and ?q- .

The tripls Pomeron theory does not yield this
result in any natural way. Note also that in
Low's Pomeron model the PP interaction
leaves a minimum of three quarks continuing
in opposite directions along the beam target
axise. Fragmentation into a 3‘+ then leaves

behind a least D

S
NG ERCEETY
high powe’r for agreement with existing data.

spectators for which

a somewhat
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Thus while no formal field theory has been
solved which realizes gll of our key assump—
tions, the basic plcture provides both a
qualitative and quantitative explanation of all
the basic features and relations between
hadron production in the full variety of

experimentally accessible processes.
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PLENARY REPORT

HIGH ENERGY THEORY OF STRONG INTERACTIONS
V.A.Matveev

Joint Institute for Nuclear Research

Development of strong interaction theory at
high energies can be overlooked by following two
supplementary directions: surveying the current
theoretical approaches and models- on the one
hand,and analysing recent experimental results
which give us information about the dynamics of
strong interaction- on the other hand.This formi-
dable task can be solved only by all the speakers
summarizing their efforts in discussions at para-
llel sessions AI-AS5.

The contents of this talk are arranged as
follows:

1. General results in QFT

IT1.Theory of diffraction scattering and the

vacuum exchange
I1I.Regge/quark analysis
IV. High energy scattering in models of QFT
V. Constituent theory of hadron interactions
VI. Power laws
VIi. Scaling and similarity laws

VIIL Concluding remarks

T.GENERAL RESULTS IN QFT

I.QFT as a guide to the theory of strong interac-
tions.

The general principles and results of the lo-
cal QFT are the basis of the most of theoretical
constructions and phenomenological analysis in
studying strong interaction phenomena at high
erergies.

One of the mostsuccessful methods through the
vears, was the method of dispersion relations in-
troduced into the QFT by Gell-Mann,Goldberger and
Thirring.

In the papers by Bogolubov on the theorv of
dispersion relations the fundamental idea of sca-
ttering amplitude as a unique analytic function
of its kinematical variables hnas been introduced
for all the physical channels connected by cros-
sing symmetry relations. This concept proved to
be very useful in attempts to understand the exi-
sting theorctical schemes and phenomenological
approaches as possible approximations to the the-
ory of strong interactions.

Usc of the analyticity of amplitudes as fun-
ctions of momentum transfer related to the short
range character of nuclear forces has been parti-
cularly fruitful in the study of strong interac-

tions at high cnergies.

First of all, this has led to the derivation of a
number of fundamental asymptotic relations and
bounds on the cross sections. This concept has al-
so served as an adequate tool for introducing the
Regge ideas to QFT and for developing the quasi-
optical picture of the high energy hadron scatte-
ring processes.

The most crucial problem of the field theory
approach to the theory of strong interactions now-
days is the problem of consistent incorporation of
the idea of the composite quark structure of had-

Tons.

2, Asymptotic bounds and theorems

As is well known, analytic properties of sca-
ttering amplitudes in transferred momentum lead to
the ultimate relation between high energy behavi-
our and t-channel singularities. A number of new
results have been recently found in that direction.
In the paper by Logunov,Mestvirishvili et aﬂ/
submitted to this conference, the question has
arisen:"Do u-channel singularities in the complex
t-plane influence the high energy behaviour of the
forward scattering cross sections?" The basic as-
sumptions made in this paper are as follows:

I. Existence of dispersion relations in ¥ at
s >§hr. with a finite number of subtractions.
2. Polynomial boundness at large §.

The answer given by the authors is no!
Namely,the relative contribution of the u-channel
singularities is bounded asymptotically by
Tu(s,e=0) ’ inZs

s

Tt(s,8=0)
in the case of the non-decreasing total cross sec-
tions.

This result which is based essentially on the
dispersion relations and unitarity gives a rigo-
rous extension of the principle of nearest singu-
larity dominance from the high energy behaviour
of absorptive part:

Im T(s,t=0)= sa,

t.
to the complete amplitude

1
T(s,t=0)=s (—3)°

t=0
The result has been improved in the work by Rche-
ulishvili and Samokhin?/where the more restricted
domain of analyticity in the complex Cos@-plane

was considered (see Fig.I).

Fig.l.The analyticity
domain in CoS -plane
as being assumed in
the paper2/(dashed
region).




It is argued that scattering in the forward (back-
ward) cones at high energies is determined by sin-
gularities which lie in the right(left) half-pla-
nes of Cos®.

Interesting results are found in the recent
papers/titled as "Why is the diffraction peak a
peak?" An attempt is made here to find rigorous
and general (as much as possible) answers to a
number of questions concerning the asymptotic cha-
racteristics of the diffraction peak,namely,
whether:

(?) the high energy differential cross section
has a maximum exactly in the forward direction;

(??) the slope of the diffraction peak is deter-
mined by the absorptive part of scattering ampli-
tude;

(7??) the slope parameter is really bounded by
log 25, etc.

The positive answers to all the questions 1li-
sted above were found in this paper.Moreover,it
was pointed out that the oscillating cross secti~
ons are allowed,that the real part of scattering
amplitude should not be small and so on.

In two papers by Mnatsakanova and Vernov(er4/
submitted to this conference, a justification of a
number of rigorous asymptotic bounds on scattering
amplitudes and cross sections is given which are
effective on finite energy intervals.

An analysis of analytic properties of scatte-
ring amplitudes in local OFT and a review of avai-
lable axiomatic restrictions on high energy hadron

scattering are presented in paperss/.

2. Quasi-local dispersion relations

Evaluation of the real part of a scattering
amplitude in terms of an integral over the imagi-
nary part by means of the dispersion relatiomns is
a formidable task because of the essentially non-
local character of these relations. The quasi-lo-
cal form of these relations or the derivative ana-
lyticity relations have attracted general atten-

6/

tion in the last few years . It was found that

the DAR provides a simple and effective approxi-
mation for the conventional dispersion relations
of the real part calculations at high energies

if the threshold and resonance effects are unim-
portant. Moreover,it was proposed to use the DAR
as a tool for complete reconstruction of a scatte-
ring amplitude from experimental data at asympto-
tic energies.

7/

In the paper by V.A.Mescheryakov et al.'/sub-

mitted to this conference,another form of quasi-
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local dispersion relations was presented which is
based on the method of uniformization of scatte-
ring amplitude at high energies(or UM). It was
proposed to use as a uniformization variable the
eq.

wiv)=

arc sinv = —%w + ﬁ%1n|v+vv‘—1|,

=(s-u)/4m and u=I. At v>I,w(v)~- T

(Ins -iwv/,) which points to complex logarithmic

where v

structure of the Riemann surface of a forward sca-
ttering amplitude as a function of the energy va-
riable v.

The function w(v) gives a mapping of the
whole Riemann surface of a scattering amplitude
on the complex w-plane by a system of strips(Fig.2)

The image of the

physical sheet 1is T kedy
the strip: //’“\\\v
-1<Re w<l. we

The forward scatte- ‘\:i,//¥
ring amplitude deter- b —

mined by the formuia H 3
ImFt ={oc+5) has the § 3

kinematical poles

at w = n+}, so as

£ (w)
s =f L o= JTELW)
By =t /5771 7 Toos ww

Fig.2.The map of the Rie-
mann surface of the forward
scattering amplitude,
x -~ position of poles.
The analyticity and the symmetry relations

Fi(w)= +Fy (-w)

Fyr(w)= ~Fy(w)
lead to the generalization of DAR:

~2X 4= .
W, (0, (wexviy),

The method has used as a tool for analysis of ex~

*

Fy(w) =ze
perimental data. Assume that F=u+ if is a holo-
morphic function within the circle |w-w_|€R (see
Fig.2) so that V(x,y) is harmonic there,i.e.a Vv =

(ai +32)V =0. By the theory of analytic functiond/

PO = 2iv(ite, T2 o) + EM(wy).

Determining V(x,y) by its decomposition in the
convergent (in the circle) series

Vix,y)= 3 a ()yn*T (m-T)f
an,..rDZn—l(m+1 2n)!

m+I-2n
(Y"Yo) x

2n-7

(for F))

XJ (2n- 2)' *
i Zn I

Q. S (for F_)
(2n-T)!

one gets the decomposition of a forward scattering
amplitude in powers of y(= log S/") convergent in
some finite interval of energies:

ys ys y* yor(R2-1k.

> yt:_i_ 10g2‘)i



By fitting experimental data on wp,Kp and pp-sca-
ttering(with the only parameters af,Z,S and ap
and c=F_(iyo)‘the authors have tested a number
of quark relations among the total cross sections.

It was found that Lipkin's sum rule
- + +
EELWCEOLSLRNCE )l 1000t K PI* jo o (PP)

has to be hold with
up to 103 Gev/c

% accuracy from P=10 GeV/c

TABLE
Test of Lipkin's sum rule( L and R are the left-
and right-hand sides of the relation)

(L) (R)

P, {GoV/e) L (mb) R (mb}

200 24.144.0.05 23.69.£0.07

400 25.054-0.05 24.4540.08

600 25.83.40.06 25.13.£0.10

800 26.48+0.07 25.714:0.12
1000 27.0440.08 26.23 +0.14
1200 27.544:0.09 26.6920.16
1400 27.8940.00 27.1040.18
1600 28.40 4-0.10 27.48.40.20
1800 28.78 0.1 271.83+0.21
2000 29.13.40.12 28.1540.23

Works with 3% accuracy from P=I0 up to 103Gev/c

II. THEORY OF DIFFRACTION SCATTERING AND THE
VACUUM EXCHANGE.

I. Models of the fast growth
Five years ago the flattering out of the had-
ron total cross sections and the growth of<k+pwith
energy have been observed in experiments at
IHEP and named "Serpukhov's effect". The foregoing
experiments at CERN and FNAL have shown universa-
lity of the total cross section energy growthg/.
This effect which is not quite uncxpected due
from I961,did not
nevetherless by the popular at that time,

to the Froissart theorem known
explain
the theory af complex angular momenta in its origi-
nal form.So many different models have appeared,
namely: field theory models, quasi-optical models,
regge-eikonal models and others, where different
approaches in the description of the total cross
section energy growth as well as of the whole ran-
ge of diffraction phenomena were developed.

Notice that a simple and physically lucid
description of the cross section energy growth is
given in the framework of the hadron scattering cua-
si-optical picturelo/.

It was known for a long time that the energy
dependent smooth local quasi-potential allows one
to reproduce the main features of the high energy
hadron scattering. The polynomial growth of the

A5-36

strength of interaction depending on the energy
leads to the maximal energy growth of a total
cross section permitted by the s-channel unitari-
ty 11/,

In the papers by Khrustalev and Tyurin 12/
and Tyurin et al. submitted to this Conference,
the quantitative description of the total cross
section energy growth as well as of other obser-
vable quantities of the high energy IN-scattering
was given on the basis of the U-matrix method.
The
tude T by the relativistic one-time dynamical

U-matrix is related to the scattering ampli-

equations
T= U +\U - T dw

phase volume of real particles

proposed by Logunov,Khrustalev,Savrin and Tyurin
. 13/
in 1970

channel U+ﬁ and using the Regge-pole expansion for

By analytic continuation into the t-

8_, the authors of the papcrIZ/ developed a method
for description of the high energy scattering which
allows one to take into account the unitarity in
the direct s-channel (by construction). Thus, a
good fit to the expeiimental data is found with
polynomially growingUmsct where o>1 without contra-

dicting the Froissart theorem (see Fig.3).

Fig.3.
wl oy The total cross-
aom
25 ' n section of 7 p sca-
o e . .
" ttering in the U-
b ’ matrix approach.

One of the first detaild analyses of an assump-
tion that the high energy hadron scattering obser-
ved at Serpukhov and also at CERN and FNAL

lize the maximal energy growth of the scattering

rea-

amplitudes, was made in the papers by L.D.Solo-
viev T4/ and Snloviev and Schelkachevls/. The
authors introduced there the term "model of the
fast growth". Determining the complete scattering
amplitude as a sum
T= TFroissarg Regge ?
where the "Froissart" part at finite energies has
the form
~ i sR2 . s q=v-
Froissart ~ © SRS explxt/2) J](RQ]/RQ’ 1 ~t

i
R = 0% R3(s) 5 RY (s) = 55 log” s/,
o ° M o

the authors have found a rood description of exis-
ting experimental data with the universal energy
growth for all the hadronic total cross sections

(excluding rp-scattering cross sections)



2= 28
St +an0 c log /so

The fit gives ¢ (0.2 + 0.4)mb or for an effective
Gev/c2
(too high as compared with the pion mass). The

mass of exchange states M=(1.3 + 3.0)
authors state that B is too small to be observed
at available energies due to the kinematical sup-
pressing the logzs term (see Fig.4 a,b- illustrat-
ing the fit)

Fig.4a. Total cross
sections in the model

of "fast growth'.
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Fig.4b. Polarization in pp-scattering.

An analysis of the high energy hadron scatte-
ring in terms of j-plane leading singylarity with
o« (0)> I was performed in the papers by Dubovikov
and Ter-MartirossianIé/, Kopeliovich and Lapidusl?

18/

and others , who used s-channel unitarization by

means of eikonal representation.

2.Nature of the vacuum exchange

Idea of the Regge-poles proved to be very
fruitful in the analysis of the high energy hadron
reactions. There is a clue of complex problems of
the Regge-approach still waiting for their solu-
tion. One of them is the nature of the vacuum ex-
change (the Pomeranchuk singularity). From the time
when it was postulated in order to explain the
gross features of diffraction scattering,especial-
ly the miraculous constancy of total cross sections

the term "Pomeron" is still an enigma.
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This notion is surrounded by a constellation
of different effects, such as: self-consistent j-
plane singularity or Reggeon field theory(RFT),
critical phenomenon in RFT,Coldstone particle,
“cylinder''topology contribution in dual theory,
multiparton fluctuations, "bag' model (with colo-
red gluon exchange), "glue balls" and many others
19- 26/-

Some of these approaches were discussed at
parallel session A5. This rich circle of questions
is beyond of scope in our talk and will be discus-
sed by the following speakers(see Kaidalov's talk)
Hexe we only briefly mention some points. In the
paper by Sugar et 3129/ the Reggeon field theory
is studied in zero transverse dimensions,i.e.,at
d=0. By means of renormalization group the exis-
tence of the infrared stable fixed point is found.
It is pointed out that the solution has no bona

fide second order phase transition.ZI/

In the paper by Dyatlov24/

a theory of the
weak-coupled Pomeron as a Goldstone particle
was presented. The bound states of two Pomerons
are found in this theory which can be useful in
explanation of the diffraction peak structure.
Unfortunately,this 1leads to the non-analyticity
in transferred momenta at t=0.

The RFT on a lattice for a(o0)>I is studied in

the paper by Amati et a1'25/

Using the low-lying
structure of an excitation spectrum the existence
of the critical phenomena(second order phase tra-
nsition) is found which is characterized by the

value of a. more than unity. The final asymptotic
picture is that of a grey disc expanding like logs
so that the total cross sections grow like (logs)%

if u(o)>ac. For a(o)<aC the total cross sections

drop as the universe powers of s.

In the paper by Matinyan et al.ZG/

the Regge-
pole singularities associated with the multiparti-
cle states in t-channel are studied and their role
in solving the Mandelstam's program of the linear

Regge trajectories is discussed.

III.REGGE/QUARK ANALYSIS
I. Regge behaviour vrs.SU,/quark structure
Merger of the idea of the Regge(power-like)
behaviour with the quark ¢onstituent theory,dual
model and internal symmetries gives an effective
tool for analysis of experimental data.
In the last years a considerable attention
has been attracted to the study of the energy de-
rnendence of hadron scattering versus SUS/quark

structure of the scattering amplitudes.



Differents authors give various results for
the dominant power term sap(o)fwhich might be the
case either ap(0)=1 or up(0)>I or even aD(O)<I)

as well as for the SU, structure of the Pomeron
couplings (different mixtures of the singlet and
octet components}).

The reason for such wide variations of possi-

ble values of the leading singularity position can

be illustrated by Fig.5 from the paper 2?/
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Fig.5(b). The vacuum-exchange contribution to KN

total cross sections %[ut(K+p)+ot(K+n)+ot(K_p)+ ct(K'n)]

oy(0) >T at P ab> 30 Gevic

1

An effective power of energy dependence is
determined by

e (PP [Im T(Plab,t=0)]

which gives different values of ap(O) for variocus

3
316D
3logl 1ab

energy intervals. This is in the qualitative accor-
dance with DAR which relates the effective expo-

nent a to the ratio of the imaginary-to-real

eff
parts of scattering amplitude,i.e.
(DAR)

2 -
depe ¥ It — o(plab’t—())’
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So, « exceeds unity where p is negative. The

eff
detailed analysis shows the dependence of a spec-
trum of Regge singularities with the vacuum quan-

tum numbers on the assumed SU, or quark structure

3
of hadron scattering amplitude.

2. SU3- structure of the vacuum exchange
One usually describes the vacuum exchange
amplitude as the sum of the Pomeron(diffraction)
part and the f-pole(resonance-like or dual) -part
V.E. = s% p + s f. f
The SUzassignment is determined in the TABLE

SU3 - content

! T )
Regge M p Py . Pg
terms e + +-
Bl fr | fs

Different possibilities‘for the SUS-structure
and the spectrum of Regge singularities in the va-
cuum exchange amplitude were considered 27_33/:
* Harari & Freund - P + R(f,f');

" Carlitz,Green,Zee - p ( ihled trough f,f
X s

(1971) 50 = T;
* Bali,Dash(1974) - i
- P‘fos £

Chew, Rosenzweig (I1975) ap(0)= 0,85

* Lipkin (I974) (pI,pz) + R, %p;=T1.I3: %, =~0.8

* Quigg,Rabinovici

A A . .
(1975) p{ I+8) + £ (ideally mixed)

% =1.075
* Others.
No unique solution exists!
We mention here general trend,however. The

SU3 structure of the vacuum exchange depends on

.the transferred momentum (the Pomeron as a "chame-

31/)

leonic" object
For t-large and positive, p 1ideally mixed

Regge pole: associated with planar diagrams (in

terms of Veneziano's topological expansion34/).

>/ arises rela-

ted closely to the problem of OZI-ru1e36/(Fr6und,

Nambu,197537/).

For t-negative and large enough (-t> 0.5GeV/

The notion of asymptotic planarity3

cz) p is dominated by SUs—singlet.This can be il-
lustrated by Fig.6 from ref.27/,where the singlet
(s) and octet(0) components of the non-forward
scattering amplitudes for the np- and Kp-systems
are determined by
99 (rp)=ls+20| 2ais| %+ 4re(s"0),
dt
do. 2 2 *®
—T5 Kp) =]s5-0|“=|s|“- 2Re(s5%0).
An interesting question arises: at how large t will
p be dominated by SU4—sing1et term(if any)? A
simple estimation gives the comparatively low va-

lue:
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3. Quark analysis of total cross sections
During the years the quark model was very
successful in analysis of regularities in the asym-
ptotic values and variations of the hadron scatte-
ring total cross sections. It is now time to ask

the following questions:

* Why do some combinations of total cross sections
grow, some not?
¥ Why oo (KTP), opq, (PP) and o 03 20, (Kp)-

—qtot(wp) ,all being pure Pomeronic in two-component du-
ality, have different energy behaviour?

* Why does the Levin-Frankfurt rule SS/UHN/%N=Z/3
work only with 10% accuracy and (GWN —GKN) decrea~
ses too slowly?

By the way, it has been noticed in I971 by Pro-

koshkin and analysed in details by Denisov et al-.

39/

on the basis of the Serpukhov experimental data

that the ratio
chﬂ
R = — = 1,020+ 0.01I5 (n =20 + 60)
o +§G ‘131)
KN "3% NN

is consistent with the quark model predictions with much
more accuracy than the others.

One of the nossible answers to these questions
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was given by Lipkin who has proposed the three-component pic-
ture for the high energy hadron scattering (the first two
components for the vaccum exchange, and the third one- for
the Regge-pole contribution40/ 3.

It was assumed that the second vacuum component contri-
butes to w N,KN and NNforwardscattering as respectively
2:1:9%2, Thus, the following sum rule is satisfied:

cﬂN=%cm+1,§cNN or R= I.
The model can be formulated in terms of the specific total

cross sections Ya=c / {per single quark of a projectile
a

i
for nucleon as a target:
Y= otee "non-strange quarks
Two terms in this expression belong to the first (p,) and
second (p;) components of the vacuum exchange. In these
terms the famous ratio R=1 corresponds to the equidistance
rule Y1r - YK = YN - Yﬂ. Notice that while the differences
Y, - YK and Y,\T - YTr pick out the second Dpy-component , the
i =2Y. - s -
differences YQ_MYK Y and YQ_YH& Yy - Yy separate the
first p}r component with an energy dependence different from
that of the previous one: p; is slowly increasing (:MSO.O7
N 7
or nowers of log's); P, is slowly decreasing (on s 0"‘).
A nurber of interesting generalizations was proposed in
41-42/ . _
. The simplest is given by Y = o+ Bnnon—stranEQ gpr,
which leads to the relations between total cross sections
of baryons and hyperons:
Y“«YK = YK —Y¢= YN - Y/)/ = Y}\/ﬁ— \E,etc.
z 41/

In the paper by Joynson and Nicolescu =/ subidtted to
the Conference, the new interesting relation between total

cross sections is proposed
20 - o - 7 3
- = =0 + o
ip  np 16 K% 8" pp,
which is in a surprising agreement with experi-
mental data (see Tig.7).The authors interpret
this by introducing the special form of the se-

cond vacuum coniponent for the total cross sec-
tions <
con 12 2
D, n_ n, i€a, b i’
where y; are hypercharges of quarks in the colliding had-

rons a and b.

Fig.7. Test of the Joynson - Nicolescu sum-rule.
The quantity plotted is

= (2 - 7 3
R= (2o mopmp)/ 6% * e



IV. HIGH ENERGY SCATTERING IN MODELS OF QFT.
QED & QCD.

T.QED. .
Investigation of the high energy asymptotic

behaviour in different models of QFT has a long hi-
story.Most of these studies are based on the order~
by-order calculations as well as on the non-pertur-
bative methods like path-integral methods which
were devoted to the problems of leading singula-
rities and the eikonal approximation.

As was shown by Gribov,Frolov and Lipatov and
by Cheng and Wu in 1969 in the framework of the
massive QED, the main singularity in J-plane is not

- . . 4
pole but a fixed bra%ch point above unity,i.e. 3/

Teus I+g C’ G v o
where C >0 is the main logarithm approximation
and different for the scalar and vector variants
of QED. The evident contradiction with the Froissart
theorem is interpreted as being due to the non-
reggeization of the massive photon.

In a series of recent papers 44/by Cheng and
Wu,the asymptotic behaviour of the fermion-exchan-
ge processes and the related question of the fer-
mion reggeization are studied in the framework of

QED up to the record of I2-th order in
45/

coupling
constant.
There are few new results on the eikonal appro-
ximation in the models of field theory?6-49/ The
asymptotics of '"twisted" graphs(obtained by an in-
terchange of two nucleons in the ladder-type graphs
being usually studied in works on the eikonal prob-
lem)have been found. This gave rise to an effect
of a linkage of large nucleon momenta to the me-
sons,on the one hand,and to the violation of the
simple eikonal formula with Yukawa-type interac~

tion potential-on the other.46/

The corresponding
corrections to an effective high energy potential
were calculated which have more singular behaviour
in origin that the Yukawa term,e.g.~log '/r. The
relativistic eikonal representation for the gcatte-
ring on composite particles was studied in papers

48/by means of the path-integration method.

2. QCD (quantum chromodynamics)
Study of the high energy scattering in non-
abelian_ gauge theories like QCD has recently att-

1o

racted a great interest59 In a number of pape
the following problems were attacked:

* What is the leading singularity in J-plane?
* Whether the gauge bosons reggeizes?

* Does the large angle elementary fermion scatte-
ring pass the point-like scaling?

* Whether there is a sign o f the quark confinement
in the high energy scattering amplitudes?

The last question is closely related to the
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whole problem of the infrared mechanism ("infra-
red slavery") for quark confinement in QCD which

64/. It was shown by means of

was studued in paper
the order by cider calculations that there is no
quatrk confinement,and the Kinoshita-Lee-Nauenberg
theoremés/
both the QED and QCD.

The result of: the non-perturbative analysis
61-62/

is true in the perturtation theory for

developed in parers on the basis of some re-
normalization group equations still preserve the
general belief in quark confinement in the QCD.
The most of results on the high energy scattering
in the QCD are made by the order by order calcula-
tions up to 6-th (or up to the 8-th order 54/) in
coupling constant. The spontaneous breakdown of
the gauge group is introduced by the Higgs mecha-
nism 66/ into the 't-Hooft's gaugees/ (by the Fa-
ddeev's and Popov's receipt 6 7/) to avoid the in-
frared problems.

All the necessary elements of Feynman rules
to calculate the high energy asymptotic graphs are

listed below:

» v s
YANG-MILLS g\/\/\/\/\/\é W Zeie Oob9py
boson propagator
X+ m
FEPMIQN - e
propagator
1
scalar @ e R
provagator © "
[N
a \ / b
9€gbe [(P,'Pz)/: Suv
YANG-MILLS p!I * (pz'ps);l. vp
+(py-p)), 8
3-vertex 30y Pﬂ]
pr¢C
fermion-boson L,
19 Toy
vertex
p<a
YANG-MILLS -ig*[ 8oy Bcd (2909 oS T ~Spr S
4-vertex 30 Bbd (20 pur9ustpe 90 9y)
+ 80 B (29 81 G Ipcr- 909307
Id v
scalar-boson %\fv\qu/VAg
vertex i PN gﬂysqb
{ Fig. 8

These include the dimensional coupling of the Higgs
scalar with the gauge bosons which goes to zero
together with the mass of the vector boson A (when
the symmetry breaking switches off). The results
of the calculations for the non-spin - flip ampli-
tudes of the (ff),(fb) and (bb) processes up to

the 8-th order can be summarized in the following

L

i=0,1,...

way:

(1)
T(non-spin-flip) = T, n <y



Here, Tiare the universal amplitudes with the t-
channel isospin "i"} c; are some normalization
factors depending on channels, and MT(1) are the

(color) isospin projection operators.
. . 6 -

Ty= T-g2(e- ANf,+ BY(e2-ine)E2 - £ (g3~ Srie?)ede.....
2 2! 3! 2

that coincides with the decomposition in the leading

log's approximation of the cross-odd Regge term.

a—l( 1-e-irta
2

s ), where o= I- g2f,

d%k . 1

£,=(8202) = (A2+)\2)'j__3_ ,
07 g [k 22

a 32 2
T = +(~ + 4T) goe+
0 a24 %_Az A2+ ﬁxz ,
+(-——a;—— - 8aT + 4Q)gx £+ ...
a2+ i a2 2!
where a= (242 + %AZ)D
T Sde‘l %k I
= Z
(zm)® (2m)3(kE +2) (k4 +22) [(ky + k,-a)+]
Sdzku &y, d%ky, 1
= X

(7P (2m3 (2m)® (K +22) (M + 2D (G +2%)

(qu_+ (B.L)z* 27
X + = 5
{(k,_L g,y =020 [y g +kyy )20 oy kg, +A)+A§}

This formula coincides with the decomposition of

the expression

2573(D + 2g2ET  + 2g*E2Q + ...)

b v
Tz = + ( - 4T)g% +
A2 +232 AZ 4232
3 2
P2 g b T 48 gt e+ ...
A2+ 232 2!

Here, b = (A2+222)D

Summing up the first terms in each pertur-
bation order one gets sb in violation of unita-
rity (no reggeization ).

In terms of the reggeization properties the

results consist of the following:

{color)- isospin in

the t-channel Reggeization
It: I Yes
It= 0 2
It= z No

The problem of reggeization is not complete-
1y clear for the case of It= 0, because the fol-

lowing normalization factors found in the paper
54/

- y
ff: c,=-—é S ;c=25—§§ 3nis

a2 p202 °
-2 gv .
fb: c,m. B2 S €~ 2 £ iy Jes
m A2+ 32 m

bb: ¢ = - 4g% 2 < g* dnis; cy= gt imsg
A2+ 32
satisfy the factorization condition
c(£f£)-c(bb)= cZ(fb)

for the channel It=0 as well as well as for the
channel It= I. However, as it has been found in
the paper 55/,the leading singularity which belong
to It=0 turns out to be a square root branch poin:

at J = 1 + 82 2in2 (for SUZ- gauge group) and
p)

m
results from two reggeized vector exchange.

This indicates to a violation of the Frois-
sart bound in the main logarithmic approximation

in QCD as well as in QED,

Thus, the situation is puzzling.Before answe-
ring these questions let us make up the balance;

I.There is a place for the reggeization of ba-
sic particles;

2. The "superconvergence'" of integrals over the
transverse momenta is observed; so, the auto-
matic transverse cutoff in P, appears, and
one can think the QCD is a candidate for the
theory of strong interactions;

3. The results under study correspond to a non-
physical world with the free (non-confined)
quarks, antiquarks and gluons.

It seems that all found indications to a
quark confinement are illusive,and the whole prob-
lem of high energy behaviour in hadronic phase of
QCD is still unclear.

paperSQ/

In conclusion we shall mention the
in which some regularities in behaviour of the
hadron multiplicities are considered in the frame-
work of QCD. The increase of the hadron multiply-
city in the high energy reactions is attributed
here to the necessity of confining the quark quan-

tum numbers("color neutralization').

V.CONSTITUENT THEORY OF THE HADRON INTERACTIONS
I.Dynamical equations in QFT

The constituent picture of the high energy
hadron interactions leads to the predictive and
consistent theory when combined with a dynamical
equation approach in QFT.

The relativistic quasipotential approach was
successful in studying the high energy hadron sca-
ttering at small and large angles,the form factors
of composite particles and many other problems.

There is a number of new results in this di-
rection:

First, I shall mention the density matrix me-
thod to describe the multiparticle production pro-
cesses {see Logunov et a1.70/) which we shall dis-

cuss in the following chapter.
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Second, there is a.development of the null-plane
description of composite particles in the frame-
work of the "one-time" quasipotential approach
(Tavkhelidze et a1.73/). )
In a number of papers

T4/

are made to obtain as much as possible rigorous

the great efforts

results on the properties of the n-particle Green
functions projected on the null-plane. The spec-
tral and explicit properties of the'two-time"
Green functions projected on the null plane are
praved., Some of these results were previously
found only in the lowest order of the perturba-
tion theory 71'72/.

In the paper by Kvinikhidze ,Sissakian,Slep-
75/submitted to the Confe-

rence, the null-plane approach was used

chenko and Tavkhelidze
in order
to obtain a number of general integral represen-
tations for the inclusive cross sections which
are very useful in the dynamical description qf
multiparticle production. These results provide
the field theoretical grounds for the parton-
quark model or constituent- interchange model used
by Blanckenbeckler,Brodsky and Gunion to describe
the large P processes76/.

In the paper by Atakishiev,Mir-Kasimov and

Nagiev 71/

the relativistic Hamiltonian theory
with an auxiliary massless spurion field is deve-
loped that allows one to exclude all ultraviolet
singularities of QFT on the null plane.
The cross-symmetric Bethe-Salpeter equations
are studied in the paper by Yaes78/.
2, The Density Matrix Method
The new development of the dynamical approach
is made in the paper hy Arkhipov,Logunov,Savrin7O/
submitted to the Conference, where the method of
the density matrix is proposed to describe the
multiparticle production processes at high energies
The density matrix of a system of two outco-
ming nucleons + one additional meson (as an exam-
ple) if represented by

(2)
PE (z,1/2',1)~ L T T*

others 2+2'+'+others 2+2'+1'+others
as is illustrated in Fig.9:

Fig. 9
2 .
iz :a'}z Quantum
42 coams statistical
ensemb le

The total space momentum of all three particles
2= 2 + 1 =32+ 1 is fixed in the relativistic in-
variant one-time description.

The following dynamical equation is true on
the general grounds of QFT:
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2 2
- E)p(: ® -0 - B =

{ ¢
~ s
2) 2). +
= Varz - » e Vs
c

Here, V. is the integral operator of aneffective quasipo-
tentialcfor the three-particle system (2+I or 2'+
I') affected by screening of the rest part of mul-
tiparticle systems:

RS NS OLNICIS I SR

The two-particle correlation function is given by

2y (2)
p {t) = Jﬁ@‘p% {(t),
and the one-particle distribution function by
1) (2} N
o ) =59€ (t) d¢& dp.
The observable inclusive cross section is deter-

mined by the adiabatic limit

E]
lim » (K, Kt)= §30) 1 do
1?::1—:7 2?2 ak

where I = AV(qiqz)Z— m? is the initial flux factor.

The authors look for solutions of the eq. for the

p(z) of the following form

(2)
b (Z,1/27,1)m 4,(2,1)% 44(27,17)

as the pure three-particle state density matrix.
Thus the wé(t) obeys the quasipotential eq. for
the {pseudo) three-particle system
(Ey- B) v, (1) =V, v (t)
- c c c
where v, takes into account the interaction among
three © particles screened by other particles in

the final states of an inclusive reaction.

L2 n~fat adu,z,nl?
d k ¢

The authors have derived the automodel solu-
tions which possessthe scaling properties predic-
ted in the Feynman parton model.

Thus, the density matrix method gives a dyna-
mical basis for consistent description of multi-
particle reactions in the framework of the consti-
tuent models{like Chou-Yang or Van Hove & Pokorski
models).

The similar dynamical approach to a multipar-
ticle production has been recently formulated by
P.Carruthers and F.Zachariasen7g< They have shown
that the field theoretical description of multi-
particle production processes can be cast in a
form analogous to the ordinary transport theory
where the inclusive differential cross sections
are given by integrals of the covariant phase -

shift distributions.



Vi. POWEPR LAWS
I. Dimensional Quark Counting for Large Angle
Scattering.
Power-like asymptotic behaviour of the large
scattering processes and hadron form factors was

70=72/

interpreted in papers in terms of the Dimen-

sional Quark Counting {DQC).

As was shown in paper 70/

, DQC is based on
the following general assumptions:

I. Quark structure of hadrons with the confi-
nement,

2, Scale invariance (automodelity) of quark
interactions at small distances.

3. Finitness of the quark local densities
within hadrons,

In papersSI*SS/ DQC is derived from a pertur-
bation theory analysis of the renormalized field
theoretical models with quarks and gluons as funda-
mental fields:;and hadrons as bound states of quarks.

The DQC leads to the following well-known re-
sults:

n -1
. Iya’ , do
RO Mg " 5 g

+nb+n +nd 2 z
ab+cd
{z=Cos8)

is the minimal number of basic point-1like

abscd)n ( ) (2)

where n,
constituents (valent quarks,leptons,etc).

If one chooses n =2, n

meson =L,

baryon=3’n1epton

he can get
F ~ %1monopole), Fpm —2 (dipole) Ey ~1 {point-like) etc.

and
do, de . . . = 410
@pp >pp) “'a{ (pB -pD) Vs~

dt {mp +wp)m T (> ¥p)v 5™,
g%—(wn»ww)m %g (ep+ ep)v 578 , etc.

This hierarchy of powers is in a qualitative accor-
dance with observationSS/.

In addition to the préblem of power-like auto-
model asymptotics in QFT and justification of DQC
the following questions still remain:

* Angular dependence of dc/dt;

* Hadron polarization in large angle processes;

* Absolute scales of dc/dt, F(t).

of the

large angle scattering cross sections was conside-
84-92/

The problem of angular dependence

red in recent papers

In paper84/

the generalized DQC has been pro-
posed based on a specific dynamical interpreta-
tion of quark diagrams describing the quark rear-
rangement processes at small distances. The gene-
ralized DQC states that an asymptotic contribution
to the large angle scattering amplitude is deter-

mined by the topology of quark diagram as a homo-
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genious function of the large kinematic variables
s, t and u.

The analysis of angular dependence of a number
of large binary reactions in terms of the he-
licity amplitudes, under an additional assumption
of the YT invariance was performed in 93/

For the meson-baryon scattering it gives,e.g;,
the general result which can be written in the

following symbolic form:

do, 1 Og == au"‘z
a‘{"’gzlf Im-— Iccszg_.gﬁ Cos—z-—Q__g]

where b, & are the scattering angles in the s-
and u-channels,respectively, and the asymptotics

of two quark diagrams are

—_— 1 5z, 1
26" EE 0 =" Tur?

The Table of results is given below.

TABLE: Angular dependence of the large
angle binary reactions.

| Reaction do, ~( 1 )z(naml)-l)'f( Cos® = z)
i /dt s
i
1 + -8 (I+z 4

1r+P > TP EI_Z%Q (8 TI-%Z)ZIZ

- = -8 (I+z 48

TP ST T e Tmpel?

- 2
«p+ 1% s 8 Eli§§ | @ + Bl (1+ T%:E)z)
s716 g—fz—%-z—u

-8 (I+2)
(T-z)*
drz)
(I-2)3

v p{ 2 T

I+z

el

T
Y
3
=
w

O

. (I+z) [
2 1z)3 _72

-8 I+z)
ppr>K K S EI-Z)

2]
1
[s4)
1

B l2re F2922

M=

10 -6 . . .
PP > P s (1) e (T42)2+ 8(1-2)2)? +(z-42)]

N [ff'»? ( a(I+2)? + B{I-2)%+ (z » -2)]} .

- -1¢ (I-z2)"
PP > PP s 64

«47 + 3295 TP w22 -

1%

6
{[45 + B(I-2)2)2 +




On the basis of these formulas as well as on the
basis of the quasipotential equation with the ana-
lytie interaction potentials a new analysis of ex-
perimental data has been performed by Kuleshov,
Goloskokov,Smondyrev et al. in the paper submitted
to the Conference 92/ {see Figs.I0,11).Thc authors
have shown that

I. V~A, or the vector-vector and axial- axi-
al vector couplings in »p/pP~ scattering approxi-
mately coincide.

So, only same/opposite helicities couple in
the proton/antiproton scattering on the nucleon.

2, The double-quark pair exchange is suppres-
sed by two orders of magnitude as compare with a
single-quark model.

This analysis shows that the study of angular
dependence can give a rich and important informa-
tion on the dynamics of large angle scattering and

quark processes going at short distances.

3,
v

m
~
Jb
°
<
<
"
W
¥ w3 T Y K} T3 By T3 By
cos @
. do + i
Fig.10- <8 92 for » p scattering.
dt
0t
3.
NgT 10
)
=
g
v
e}
) —* ‘ls 0
cos d
. ©a s :
Fig.TI. s It for pp scattering.

2., Asymptotics of nuclear form factors and struc-
ture function.

The dimensional quark counting gives a very
simple and direct relationship between asymptotic
form of the hadron form factors and complexity of
hadrons.

There is an interesting question whether
this relstionship can be brought into the nuclear
physics where fortunately one deals with objects
whose complexity varies in wide limits. This ques-
tion as well as the whole problem of the quark de-
grees of freedom for nuclei was apparently first
arised by A.M.Baldin °%/
of recent papers.

and discussed in a number

An analysis of recent experimental data on
the deuteron electromagnetic form factor as well
as the new results of measurements of e D elastic
and inelastic scattering from q2=0.8 up to 6.0 GeV2

97/'

were presented by Arnold et al. An evidence

on the absence
found in these
picture of the

The test

of the meson exchange currents is
experiments accordingly to the quark
processes.

of the dimensional quark counting

predictions for the form factors of hadrons and a

deuteron can be illustrated in Figs.I2,1I3 from the

paper by Brodsky and Chertokgg{

10Y 7 T H T T T

e Fig.I2. Test of the
C‘{ 1 Dimensional Quark Coun-
. 4 . c s .

o O ting predictions with
i?o-r G e a Nt 7 the experimental data
% g2) 1 for the pion (electro-

oy AR ] 4 production data) pro-

sz | ton /neutron and elas-
¢

US{ L tic deuteron form fac-

o | 2 3 a4 5 6 7
o) tors.
G~ Q%5 /olGev ) ‘ ]

. i Fig.I3. Comparison of
cs - ‘ {‘ i~ the Dimensional Coun-
A & ‘ | ting prediction with
o ) al .

% 1 the SLAC experimental
;z—f 1 data.

f * 4" SLAC Tata J

: © Previows SLAC Date

® Tns Expenment

. i50° and 60° data)
- < 5 015 20 25 30 35
02 (Gev?) -

One of the most important problems which have
to be understood is the value of the level of

"flattening out" of the deuteron form factors .
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It seems that this is connected to the relative
time which the deuteron spends as a six-quark sys-
tem (not as a losely bound two-nucleon system).

To answer such a question one needs a more sophis-
ticated theory of a nucleus in terms of quark de-
grees of freedom (like quark bag model of nucleus).

VII  SCALING AND SIMILARITY LAWS
T.Automodelity in Strong Interactions

Study of the scaling and similarity proper-
ties of strong interactions at high energies is
interesting from two points of view.First,it is
a question of structure of elementary particles
and of interaction dynamics at short distances;
second,it is a search for a new energy scale (or
fundamental length) which could change (if exists)
considerably the picture of strong interactions
at superhigh energies.

A great number of papers has appeared as a
result of an pbservation of scaling effects in
spectra of secondary particles in the experiments
carried out at the Serpukhov accelerator and fol-
lowing the Feynman formulation of scaling pheno-

mena in terms of the quark-parton modelloo/

. Many
interesting experimental and theoretical results
were obtained in that direction.

In papersIOI/

a general approach to the des-
cription of scaling and similarity properties has
been developed based on the idea of the automode-
lity.

The term "automodelity",(or"selfsimilarity")
itself, belongs to the theory of the gazo-and
hydrodynamic phenomena. An analogy of these pheno-
mena to the scaling properties of deep-inelatic
processes has been noticed by N.N.Bogolubov in
1969,It is worth to be mentioned,particularly,in
connection to the physics of deep-inelastic
lepton-hadron scattering, where the character of
scaling laws indicates to the analogy with the
so-called "point-like explesion” in gazo/hydrody-
namics,The scaling regularities in the processes
of strong interactions of hadrons at high energies
lead to an analogy with the "plane-like" explo-
sion, We emphasize,however, that the analogy with
the "plane~like'" explosion corresponds only to
the processes with bounded momentum transfers,
the dynamics of which is determined by the finit-
ness of effective interaction radius of strong in-

99/

teractions . In these processes hadrons look as

extended objects with infinitely small longitu-
dinal sizes {(due to the Lorentz contaction in a
system with infinite momentum,i.e.“%'»w").This
allows one to consider the scaling properties of
observable quantities under the transformation
{the delatations of the longitudinal scale of mo-
menta) as: P AP

23 PPy
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A separation of the transverse and longitudi-
nal degrees of freedom in description of the in-
teraction processes at bounded momentum transfers
which is specific in this approach, leads to a
whole number of scaling laws for the amplitudes
and cross sections of inclusive as well as of bina-
ry reactions({note results of the Mueller-Kancheli
approach and quark-parton model).

The automodelity principle leads,particular-
ly, to the requirement for all the quantities of

the type )
B=(logs')
t=0

“tot’ Ye1’ etc.

with the same dimensiomnalty Tz (in terms of scale
of the transverse length T), to have a weak and
universal energy dependence on the same footing.,
This phenomenon known as the law of geometrical
scaling is in good accordance with the existing
experimental data.

gOS/

effectively

We have noticed in a number of paper
that the geometrical scaling laws were
hadron in-
to be

of the
R%Jctot)
points to an approximate character of scaling laws

mearged with the quark analysis of the
It has
stressed that a weak energy dependence

teraction total cross sections,
transverse length effective scale (say

related to the similarity transformations,
Pl*kPl, PZ» PZ
the separation of the longitudinal and transverse
degrees of freedom being suggested for an ideal
case,
2, Study of scaling in QFT,

A number of new interesting results was ob-
tained in studying the scaling properties of had-
in the framework of the lo-
cal QFT, First of all, we shall mention the axio-

ron interactions

matic studies of large angle processes which were
initiated by the rigorous applications of the Dy-
son -Lehmann-Jost representation to an investiga-
tion of the automodel (scale invariant) asympto-
tics in the deepinelastic scattering (see Bogolu-
bov,Tavkhelidze and Vladimirov 104/.
An extension of this approach to the large
P, inclusive reactions on the basis of the DJL-re-
presentation was made by Logunov,Mestvirishvili et
al.in 1974705/
The main problems of the axiomatic approach

are:
* Consistency of the power-like automodel

asymptotics with the general requirements of the
local QFT;

** Relations between asymptotic forms in di-
fferent channels and regions;

*** Connection to the space-time picture of
processes.


http://view.First.it
http://second.it
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In the paper by Geyger et al submitted to
the Conference, the results of simultaneous study
of thyee processes (on the basis of the DLJ-repre-
sentation) are presented:

p,* a,(on shell)> p, + q, {on shell)

p,*+ q,(on shell)~+ P, *Q, (off shell)

p,+ q,(cff shell)+ p,+ q,{off shell)

It is shown that
~ on - and off-shell amplitudes can have dif-
ferent asymptotic behaviour at large momenta;

- absorptive and dispersive parts of the ampli-
tudes on-mass shell can have different asymptotics
at large angles.

For instance, the automodel (power-like) asym-
ptotics of the process y(g?) + p+"/ + p could have
different character at q2=0 and q2+o—W.

The consistent description of scaling proper-
ties in terms of the density matrix method was gi-
ven in paper7o/. Starting from the dynamical equa-
tion for a density matrix of a subsystem of par-
ticles in final states of the imelastic multipar-
ticle reaction, under rather general assumption on
the character of interaction quasipotential, the
authorsIO7/ have derived the radial type scaling
for the inclusive cross sections., The result is
in good agreement with existing experimental da-
ta on the inclusive production at high energie%os/.

In the paper mentioned above an interesting
application of the DM-method to the deep-inelastic
scattering is given.The well known Bjorken scaling
is found in the one-photon approximation. In gene-
ral case (for all orders in the coupling constant)
in terms of two dimensi-
I- W24f
x= 1 —w?s (Feynman). In the

the cross section scales
onless variables are; w= (Bjorken) and
intermediate case
{multiphoton with the one-photon approximation
for the scattering on a single "constituent"),the
new scaling has been found with the dimensional
variable
_x{I- x)
{2-x) (u-1)

Moreover, it was shown that the DM-method
gives a c¢larification cf the correlation between
the elastic and inelastic characteristics of par-
ticle interactions, as it can be illustrated by

the solution

42 = ce) faba B) 0BX)
- .

£

which was found and discussed in the papers by Sav-

rin,Semenov,Tyurin,Khrustalev 105/

submitted to
the Conference., Here, da/di is an inclusive cross

. L A .
section of "soft" mesons, and o(b) is determined
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by overlapping of the elastic profiles of initial

particles

> > .
o) = fabre

s ‘g' > -ib*A > P
and o {B,K,)~)d e gk A )x gk + D),
gk 1) =l Ty {¥)|2 is"a distribution of mesonic con-

stituents" within a screeped nucleon with a total momentum
£+ 3.

In the paper by D.Crewther and G.C.Joshi

>

Dt 6 - B

110/

submitted to the Confereence, the scaling proper-
ties of the dual resonance model with the Mandel-
stam gnalyticity were studied. Non-linear trajec-
tories are used when calculating the scaling fun-
ctions which are in reasonable agreement with the
experiments.

Factoization properties of the exclusive and
inclusive cross sections were discussed in papers
III/‘

The detailed discussion of scaling in the in-
clusive multiparticle producticn processes is gi-

ven in a review talk by Chliapnikov.
SEARCH FOR THE FUNDAMENTAL LENGTH

The success of the most scaling and simila-
rity relations depends on the absence of an energy
scale which will be essential at available ener-
gies,

What do we expect from the very highenergies?
In the invited talk given by Kadyshevskyllz/
there is an interesting discussion about the exis-
of the fundamental length 1 which should
be a key to understand the phenomena at very high

tence

energies,
This discussion is based on the version of
QFT with a fundamental lengthIIs/ which is an al-
ternative to the local QFT in the same sense as
the non-Euclidean geometry is a unique alterna-
tive to the Euclidean one.Some implications of
this theory are listed below:
I. Masses of elementary particles are bounded
from above,i.e. msI/
2, Modification of the

tion between the momentum transfer q and si-

1?
usual uncertainty rela-

ze of interaction r:
ra l / instead of ~ I/
log(1q) 45
3, Geometrical interpretation of the power laws

such as dc .
7 ap ™ (5] f(t/s) 5
4, Parity violation at very high energies E 5/1
owing to the modification of the fermion

propagator ———
|V

v 1 ~I07Y em?

Fermi



S. Sharp fall of the otot(e+e— + hadrons)

at s> 172

Q% <17% of the deep-inelastic e p scatte-

and a slower decrease with

ring cross sections,

This analysis shows that a search for the
fundamental length could be one of the intriguing
tasks for super-high energy physics at the accele-
rators of next generation.

VIII.SOME CONCLUDING REMARKS

I would like to conclude this talk with some
remarks, Obviously, the 1list of interesting ques-
tions written below is no way complete and it is
based mainly on the author's impressions,

I, Asymptotic energies are not yet reached,

e.g. s* behaviour for the total cross sect-
ions with «>I is allowed by experimental data;
polarization in pp-scattering is still non-
zero,etc. Appnarently, these questions are pro-
blems to be studied at the accelerators of
next generation.

2, Nature of the vacuum exchange {Pomeranchuk

singularity) is still an enigma and waits for

its explanation.

3. A close relationship between the t-depen-

dent SU3—structure of the vacuum exchange and

the 0ZI-rule regularities in the heavy meson
decays,apparently,exists.This makes deeper the
Regge idea on relationship of high energy be-
haviour and particle properties with the rele-
vant quantum numbers.

4. Experiments with the high energy hyperon
beams and study of ¢/J ~hadron interactions
should be very desirable to understand the
quark regularities in the total cross sections.
5. Situation with the quark confinement in QD
is still puzzling. Its understanding is impor-
tant for high energy physics on the whole.

6. Measuring of angular dependence, polariza-
tions and phases of scattering amplitudes of
the binary reactions at large angles is impor-
tant to understand how far are really good
predictions of the Dimensional Quark Counting.
7. Quark degrees of freedom seem to be impor-
tant for a description of nucleus interactions
at high energies and large transferred momenta.
8, Presence of the fundamental length or new
energy scale could change drastically the pic-
ture of particle interactions at extremal ene-
rgies.
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