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The Callan-Symanzak Equation Abstract

in
We utilize the Callan-Symanzik equation within the frame-
Gribov's Reqgeon Field Theory

work of Gribov's Reggeon field theory to prove that a bare
and

. Pomeron of unit intercept necessarily restricts the renormalized
the Renormalized Pomeronr Intercept
Pomeron to sat:isfy the same condition, i.e., (0) = 1,

at a nontrivial fixed point B(g*) = 0 of the Callan-Symanzik

u
renorm.

equation. The proof of this assertion does not depend on the
by

validity of the ¢ expansion (¢ = 4-D).
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In the Callan-Symanzik approachl to Gribov's Regyeon field
theory,2 1t 1s ordinarily dssumed that both the bare and the
renormalized Pomeron have unit intercept: lbare(o) = 'renorm(O) =
1. This assumption implies that a "dynamicel” symmetry break-
down of the "zero mass" Pomeron field theory is impossible: If
the bare Pomeron starts out "naked" with zero mass ("mass” =
LO =] - ”bare(o)" then the interaction (triple Pomeron and
higher) cannot produce a mass. 1In a completely different con-
text, Gross and NeVeu3 have observed that infra-red stabie
theorias cannot produce masses dynamically, with one possible
oxcep.ion: those theories in «#hich the physical coupling con-
stant is fixed at a nontrivial fixed point of the renormaliza-
tion group, such as the Adler4—Johnson-Baker-wi1ley5 electro-
dynamics. As a matter of fact, SChnitzerG has conjectured th:t
a necessary condition for the dynamical breakdown of symmetry
in a massless, relativistic field theory with just one dimen-
sionless coupling constant, is the existence of a zero, B(g*) =
0, in the Callan-Symanzik function.

In this brief note, we prove the following result: a mass-

less bare Poweron in Gribov's field theory with a nonvanishing

bare, triple-Pomeron coupling, cannot acquire mass dynamically,

at a fixed point of B{g). This result may be of some interest

in view of the recent work of Marchesini and Veneziano,7 in
which they raise the interesting point about possible constraints

on the renormalized Pomeron intercept, in a theory satisfying

both 's' and 't' channel unitarity.

We follow closely the work of Abarbanel and Bronzon8 in
establishing our result and shall therefore omit details to
which we refer to ref. 8. The canonical starting point of
Gribov's Reggeon field theory is the specification of the
Lagranqian in the space of the rapidity t = 1lns and the impact
parameter % 1espectively, with the "energy"” E = 1-J and the
two~-dimensional transverse momentum k playing the role of the
correspording conjugate variables. The simplest and the most
obvionus choice for [ is a theory with a bare, linear trajectory,
uo(t) = a5 + ao‘t {t = -Kz) and an interaction with a non-
vanishing, bare triple-Pomeron coupling. According to an
argument of Wilson,9 higher order couplings and higher powers
in iz will not, in general, destrcy the infra-red behaviour of
the theory.

So, following ref. 2 and ref. 8, we take

L= L0 + LI
Ly = 5 BTG OT G D - ag w0V, (
+ > -
-~ =ay)y (x,T)Y(x,7)
and )
o 24
L= - =2 f st @)



The purely imayinary bare, triple-Pomeron coupling 1s
suggested by Graibov's signature analysxs2 and it is cructial
to obtain nfra-red stability, at least in perturbation tbheory.
tt the very outset, we deviate from Abanbanel and Bronzon: we
require that although the bare Pomeron is massless, i.e.,
AO =1 =y = 0, the renormalized Pomeron is not: A = l-a # 0.
Consequently, we employ the following renormalization conditions

on the renormalized Green's functions:

A2,1) ., 22 _
Fa (E,kHpoy =0 (3)
=0
I IRETTH O U5 § IS -
5p lilg (E,k ’]'r::-A 1 (4)
k%<0
3 (1,1 o 22 s
= Ll " HERD N, = -t (a) {5)
3k .2
k=0
and
.{1,2) P 4 . =y &)
'n (El'kx'Bz'kz'Ba"s)'nl=2az=2z3=-n‘ ot {6)
N (2")7—
ki'k3=0

The renormalized intercept A, therefore, plays a dual role in
the theory. As emphasized in ref. 8, Eg. (3) does not commit
us to a renormalized Pomeron being a simple pole, but it only

ensures that the singularity passes through a = 1-4 at t = 0

(rather than at « = 1, as i1n ref. 8). Since there 1s no bare
mass in the theory (Ao = 0), the Coleman10 method of derivinz

the C-S equation yives

9 3 . 9 _ (n+m) ~(n,m) : )=
Wby + Blalgs ¢ ,(q,u');:T e at A CIR (Eikivges,7) =0
{7)
where 2—1
g(A) = _._Y__‘_A_)_..B. [,4 (8)
{a'(a)1d

and the rest of the notaticn is scandard.B

Now, suppose the renormaiized coupling chooses tc sit pre-~
cisely at a fixed point 'g*' satisfying 8S{(g*}) = 0, :='‘g*} - Q.
Then, we can derive the following Gribov-Migdal scaling law

Y ]
whicih is valid for all E and k“, at the fixed point:
ribel) (e,k2,9% a0, 0)

1¥(g")
= a5 x 0 11-Fy

z2
- *
2gt) kol ge (9)
£q. (3} and Eq. (9) demand that

@1'1(0.9*) =0

since the renormalized intercept 4 # 0, by assumptior..

But then, Eg. (9) and Eq. (10) yield the unpnwveiza. resulr,



Gleeson and

.
fél'l)(ﬁ,."—ﬂ,q*,n'.ﬂ) =0, allem (n The author is indebted to Professor a.

Protessor E.C.G. Sudarshan for their kind hospitality.

Therctore, we are forced to the conclusion that . must a pleasure to acknowledge scores of critical and valuable dis-

vanish to restore consistency.
At first sight, this result appears to contradict the re- Regyeon field theory.

1 They have earlier arrived

sult obtained by Sugar and White.
at the conclusion that the bare Pomeron pole must have an inter-
cept greater than unity, in order for the renormalized Pomeron
singularity to have unit intercept. The basis of their result
is an 1ntegral representation for the intercept counter term
derived in ref. 11:

2 0

Y -
6= ( —2 92 9 ) g ) (12)
(213 0 x

As pointed out in ref. 11, the integral in Eq. (12) has
a pole in ¢ at the physical value € = D = 2 so that 54 is not
well-defined unless an ultraviolet cut-off is introduced by
hand. The Suqar-White argument is therefore cut-off dependent.
In any event,in the limit of g + g*, the bare coupling Yo * w11
(for EN # 0, where EN is the subtraction point). As a result,

the Sugar-White representation Eg. (12) is not useful at the

fixed point 8(g*) = 0, at which our result holds.

cussions with Professor ff. Kleinert on tre subject of Gribov's
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