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We exhibit a model of deep inelastic processes, based on conformal symmetry arguments, in which the structure
functions for the scattering and annihilation channels both scale and are related by the Gribov-Lipatov relation. Ana-

Iytic continuation, however, is not valid in general.

In this note we present a model in which the struc-
ture functions, upon diagonalization of the forward
Compton amplitude with respect to representations of
the conformal group [1], are given as generalized Born
terms.

In the transition form factors (p|J,,(0)In) figuring
in the sum

Wb @)=
254 p+q-p,) (plJ,(0)InXnlJ (0)Ip)
n

the states |p) and In) are classified according to zero
and continuous mass representations respectively of
the conformal group SU(2, 2) [2]. The structure func-
tions associated with a single irreducible representa-
tion in the set spanned by # turn out to be non-trivial
as a continuous spectrum of resonances is contained
in any such representation. Scaling of the structure
functions follows from the requirement that the field
associated with the target is massless while their func-
tional form is fixed by covariance under SU(1, 1)
which is the relevant part of the conformal group in
the scaling limit. In configuration space this corre-
sponds to projective transformations along a light-
like line [3].

Our classification of the intermediate states is in
some sense analogous to a previous attempt by Del
Giudice et al. [4] to assign partons to representations
of SU(1, 1). However, under the larger group SU(2, 2)
there is only one linear trajectory I =1 + || for zero
mass states of helicity j and scale dimension / [5].
Many interesting consequences emerge from such a
scheme.
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i) The structure functions have a good threshold
behaviour as w = 1

F(w) — 4, (0= @

where the exponent A is the SU(1, 1) quantum num-
ber of the continuum which builds up the inelastic
processes.

ii) Their Regge behaviour is universal, i.e., independ-
ent of X

Fp(w) — w2 log? w 3)
(I=> 0

Apart from the log this is the same as found in dual
resonance models [6].

iii) The asymptotic behaviour of the excitation
form factors is correlated with the threshold behaviour
in the manner first suggested by Drell, Yan and West
[7].

iv) The structure functions of scattering (F5(w))
and annihilation (F,) are related by the Gribov-Lipatov
reciprocity [8] relation

Fy(1/w) = ~w?Fy(w). (4)
v) The analytic continuation
ﬁz(w) = ﬁz(w) )

does not hold in general although the threshold the-
orem is satisfied [9].

vi) F(w) so calculated for A = 1 fits the data points
rather well in the interval 1 < w < 10.

For simplicity we consider Compton scattering off
a scalar target of four-momentum p as in fig. 1. The
kinematical variables are standard
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P
Fig. 1. A typical diagram contributing to the structure func-
tion.

w= 2pq/—q2, S= —qz(w -1)>0

with 1 < w < o for scattering and 0 < w < 1 for
annihilation and § the invariant mass of the reso-
nances exchanged between the blobs in fig. 1. In the
short distance limit the form of these latter ones is

fixed by SU(1, 1) symmetry and using standard reduc-
tion techniques one gets as x_ = 0 and x2 - 0

Imf d*x exp (igx)<pl(J_(x,, x_,xT)d/(”)(()))Im

=Im fdx+dx_exp [(/2)(g,x_+q_x,)]
X (x_)—(dn+1)/2(x+)»—(7n—l)/2

1
X fdu u(l_"")/z(l —u)(T”“3)/2exp(iux+p_/2)
0

(x,=t%2)

= (q').)(Tn — 3)/2'.(q+) l+7y w(l— Tn)/2(w -1 )"'n_2

X (7, _4/2, 'rn_l/2, Ty 1=V w)b(w—1)

where w = p_/q. We have used the SU(1, 1) [10]
light cone expansion to recover the vertex function in
coordinate space. Y™ (x) is a conformal weight zero
field [5] of spin n =(d,, —7,)/2 and scale dimension
I, =(dy, +7,)/2. Making use of (6) in eq. (1) one gets
for a given conformal quantum number A = (7,,—3)/2
A 7 wtl
w(w—1) 2 w-1 Q)

Fg‘)(co’) =

where ,F;(...) has been expressed in terms of the Le-
gendre function Q,(...) [11]. The physical meaning of
A is that it determines the asymptotic power growth
of the spectrum of resonances [12]
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p(S) — §2M1, (8)

S—>o00

From eq.(6) the electromagnetic excitation form fac-
tor behaves for large g2 as [10, 13]

6@ 5 @™ ©)

which on comparison with eq. (8) reproduces the
Drell, Yan and West relation [7]. From eq. (7) on the
other hand one obtains for each A, eqs. (2) and (3) to-
gether with

F{M(1/w) = (1M P FP(w) (10)

while for the annihilation structure function one finds
FMw) = (PFN(). (11)
Egs. (9) and (10) together give

F{V(1/w) = —w3FP(w) (12)

independently of A whence eq. (4) upon summation
over this latter. From the above results it follows that
the analytic continuation in eq. (5) is not true in gen-
eral so that the stronger reciprocity relation
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Fig. 2. A plot of the calculated structure function forA =1
(eq. (15)) as it compares with the data.
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Fy(1/w) = —w’Fy(w) (13)

does not hold. This would be so under the additional
assumption that the set of contributing representations
correspond to integer A. It is interesting to point out
that eq. (7) is a particular realization of the following
formula of Gribov and Lipatov [8].

_w—1 w—172
R 5 o[+
where @(x) is positive for x > 0 and regular at x = 0.
The right hand side of eq. (7) becomes an elementary
function for A= >0 [11]. An interesting case is
n =1 which gives

C wtl 2
FZ(OJ) =m [m in (4)—2] .

(14)

(15)

A plot of eq. (15) is shown in fig. 2 together with the
SLAC data.
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