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We derive au equationdeterminingthe small-xevolution of the FZ structurefunc-
+;mnfir s I-rrram,,-l,x,e.,,h;nh v-,. -c . nn.-rda ,+ ,-rl,,,ame% +h.a lawl%. T l,xr=m-+h w,%“.”.. “. - .-~. . . ..”.””u ,, . ..- . .,., U-. v —“.4. v. ~.u”..” . . . “... .“----- .“@.- .“.. -.”

approximation usingMueller’s color dipole model. In the traditional language it
corresponds to resummationof the pomeron “fan” diagrams, originally conjec-
tured in the GLR equation. We showthat the solutionof the equation describes
the physicsof structurefunctionsat high partonic densities: thus allowing us to
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small-x physics- saturation.
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A much more detailed description of the material presented in this pro-
ceedings contriiiution can be found in the papers 1‘2 written on the subject.

The Balitsky, Fadin, Kuraev and Lipatov @FKL) 3 equation resums all
leading logarithms of Bjoricen x for imdronic cross sections and structure func-
tions. The solution of the BFKL equation grows like a power of center of
mass energy s, therefore vioiating the unitarhy bound at very high energies,
One can conclude that at very high energies the one BFKL pomeron exchange
contr.iimtion shouici be uniiarizeci by either multiple ponieron exchanges or by
higher order corrections to the BFKL kernel.
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at the values of rapidity of the order of

with a the strong coupling constant, which is assumed to be small, and CYP– 1 =
- - ------

*in 2 the lN M lU pomeron intercept.
The next-to-leading order corrections to the kernel of BFKL equation be-

come important at *
YNLO AI ~.

a“
(2)

One can see that Yu << YNLo for parametrically small a. Therefore multiple
pomeron exchanges become important at much smaiier energies and are more
likely to unitarize the BFKL cross section.

aThk manuscripthas been authoriizd underContract No. DE-AC02-98CH10886with the
U. S. Departmentof Energy.
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Figure 1: Dipole evolution in the deep inelastic scattering process. The incoming virtual
photondevelops a system of color dipoles, eachof which rescatterson the nucleus(only two
are shown).

Let us consider a deep inelastic scattering (DIS) of a virtual photon on a
hadron or a nucleus. An incoming photon splits into a quazk-antiquark pair
and then the qij pair rescatters on the target hadron. In the rest frame of
the hadron all QCD evolution should be included in the wave function of the
incoming photon. That way the incoming photon develops a cascade of gluons,
which then scatter on the hadron at rest. We can calculate the gluon cascade
in the leading longitudinal logarithmic (ln l/z) approximation and in the large
NC limit. This is exactly the type of cascade described by Mueller’s dipole
model 4. In the large Ne limit the incoming gluon develops a system of color
dipoles and each of them independently rescatters on the ha&oxi (nucleus) 1.
The forward smplitude of the process is shown in Fig. 1. The double lines in
Fig. 1 correspond to gluons in large N= approximation being represented as
consisting of a quark and an antiquark of difIerent colors. The color dipoles
are formed by a quark from one gluon and an antiquark horn another gluon.
In Fig. 1 each dipole, that was developed through the QCD evolution, later
interacts with the nucleus by a series of Glauter-type multiple rescatterings
on the nucleons.

For the case of a large nucleus independent dipole interactions with the
target nucleus are enhanced by some factors of the atomic number A of the “
nucleus compared to the case when several dipoles inters.& with the same
nucleod. This allowed us to assume that the dipoles interact with the nucleus
independently. The summation of these contributions corresponds to summat-
ion of the pomeron fan diagrams, neglecting the pomeron loop diagram?.

Rewriting the F2 structure function of the target as a convolution of the
wave function of the q~ fluctuations of a virtual photon with the propagator
of the quark-antiquark pair through the nucleus, we obtain

Q’
J

d’~ldz
F2(z, Q2) = qm2aEM @(X.OI, Z) ~bo N(xm, bo> y)>

2-T
(3)

where @ (Wl, z) is the photon’s wave function. lV(~l, b., Y) is the forward
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scattering amplitude of the qij pair on the nucleus (hadron). For this quantity
we obtain the following equation 1

–IV(m2, bo -+ ;Xl,, g) N(x12, bo + ;wz, y)], (4)

with ~(mI, bo) the propagator of a dipole of size ml at the impact parameter
b. through the target nucleus or hadron, which was taken to be of Glauber
form in 1. Eq. (4) is similar to the originally conjectured version of the GLR
equation 5, but there also are several differences between them.

As was shown in 2 the sc~iution of Eq. (4) satisfies the unitarity condition.
The quadratic damping term on the right hand side of Eq. (4) slows down
the growth of the BFKL pomeron exchange contribution with energy. At
very high energies the forward scattering amplitude of the q~ pair on a taxget
becomes independent of energy, IV(XOI,bo, Y) = 1,which leads to the following
asymptotic of F’

F2(z, Q2) =
Q2R2NC
y#-(cxp-l)Y, Y2-&#n+, (5)

which is, of course, unitary. The structure function of Eq. (5) grows logarith-
mically with energy and thus has reached saturation. We can conclude that
our master equation (4) can describe pb.ysics of structure functions inside the
saturation region.
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