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DIS AND DIFFRACTIVE STRUCTURE FUNCTIONS IN THE
QCD DIPOLE MODEL*“

C. Royon
CEA, DAPNIA, Service de Physique des Particules,
Centre d’Etudes de Saclay, France

The proton structure function F3, the gluon density Fg, and the longitudinal
structure function Fy, are derived in the QCD dipole picture of BFKL dynamics.
We use a four parameter fit to describe the 1994 H1 proton structure function
F, data in the low z, moderate Q? range. Without any additional parameter,
" the gluon density and the longitudinal structure functions are predicted. The
diffractive dissociation processes are also discussed within the same framework,
and a new prediction for the proton diffractive structure function is obtained.

1 Introduction

Considering the phenomenological discussion on the proton structure functions
measured by deep-inelastic scattering of electrons and positrons at HERA,
it is striking to realize that the proposed models, on one side for the total
quark structure function! F (:c, Qz) and on the other side for its diffractive

component 2 on(s) (x, M2 Q2) are in general distinct. Indeed, most models?®
aiming at the description of Fy (17, Qz) use a QCD-inspired “hard Pomeron”
parametrisation related either to a DGLAP* evolution with extrapolation at
small-z ® or to BFKL ¢ dynamics. On the other hand, the models proposed
for the diffractive component of the quark structure function are, for most of
them, relying on a “soft Pomeron” picture of diffraction, assuming a point-like
structure of the Pomeron considered as a compound particle”.

However, the quest for an unifying picture of total and diffractive structure
functions based on a perturbative QCD framework is a challenge. The interest
of using the QCD dipole approach ® for deep-inelastic structure functions is
to deal with an unified approach based on the BFKL resummation properties
of perturbative QCD. Indeed, starting from an unique non-perturbative input
in terms of a primordial proton distribution of dipoles at low scale Qo, it
is possible to compute the theoretical predictions !9 for the (transverse and
longitudinal) quark and the gluon distributions as functions of z and Q% In
the same framework it is also possible to compute the two components of the
dipole-mode! predictions for hard diffractive structure functions, namely the
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inelastic component ! (hereafter named component I) and the quasi-elastic
one'? (hereafter component II), as recalled later on.

2 BFKL dynamics in the framework of the QCD dipole model

To obtain the proton structure function Fs, we use the k factorisation theorem
9 : ) . - .

, valid at high energy (small z), to factorise the (y g(k) — ¢ §) cross section
and the unintegrated gluon distribution of an onium state which contains the
physics of the BFKL pomeron®. One can show that 10:

2aN, [ d v N\ am B
F:proton(x’Q2;Qg): - /ﬁh(v)%w(v) <%> e = x(v)In(2)
0

where h, w, Q2 and ¢ are respectively the (y g(k) — ¢ §) cross section, the
Mellin transform probability of finding an onium of transverse mass M2, a typ-
ically non perturbative proton scale Q% and the ’time’ scale for the formation
of the interacting dipoles. We can use this generic result to make predictions
for Fp, F, and Fg knowing the h(7y) functions. The detailed calculations can
be found in1°.

The integral in v is performed by the steepest descent method. The saddle
point is at y¢ = 2(1—aln gg) where @ = (%7((3) In %)_1 . It can be shown
that this approximation is valid when In Q/Qq/In(1/z) << 1, that is in the
kinematic domain of small z, and moderate Q/Q,. We obtain:

Fy=Fr+Fp :Na‘/ze(ap—lﬁn%go-e-%l“z% (1)

where ap — 1 = %ﬁ. The free parameters for the fit of the H1 data are
N, ap, @, and c. It is be possible to compare the results with the values of
ap predicted by theory. Finally, we get R, and Fg/F3, which are independent
of the overall normalisation N:

Fa _ 1

Fr = hrhp e (2)

31y, 1=2vc  D(2-27.)T(2427.)
& 1437v.— 342 (T(1-7)L(1+7.))°

fli

_ fl_L_ _ '76(1 — 'YC)
R= hT (7(:) - (1 +‘Yc)(1 _ :72&) (3)

where ¢ is the saddle point value (see above).
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3 F, fit and prediction for Fg and R

In order to test the accuracy of the F, parametrisation obtained in formula
(1), a fit using the recently published data from the H1 experiment ! has been
performed 1°. We have only used the points with Q2 < 150GeV? to remain in
a reasonable domain of validity of the QCD dipole model. The result of the
fit is given in Figure 1. The x? is 88.7 for 130 points, and the values of the
parameters are Q¢ = 0.522GeV, N = 0.059, and ¢ = 1.750, while Ap = 0.282.
Commenting on the parameters, let us note that the effective coupling constant
extracted using (3) from Ap is a = 0.11, close to a(Mz) used in the H1 QCD
fit. It is an acceptable value for the small fixed value of the coupling constant
required by the BFKL framework The running of the coupling constant is not
taken into account in the present BFKL scheme. Only when next leading log
calculations will be available, this will be possibly taken into account. This
could explain the rather low value of the effective Ap which is expected to
be decreased by the next leading corrections. The value of Qg corresponds
to a tranverse size of 0.4 fm which is in the correct range for a proton non-
perturbative characteristic scale. The value of A determines the amount of
primordial dipoles in the proton to be

B 128 T )
w(1/2) =N 7= 2PN ,/2 ~ 7.55/e2,

The parameter ¢ sets the “time” scale for the formation of the interacting
dipoles. It defines the effective total rapidity interval which is log(1/z) + loge,
the constant being not predictible (but of order 1) at the leading logarithmic
approximation.

4 Diffractive structure functions

The success of the dipole model applied to the proton structure function moti-
vates its extension to the investigations to other inclusive processes, in partic-
ular to diffractive dissociation. We can distinguish two different components:
- the "elastic” term which represents the elastic scattering of the onium on the
target proton;

- the "triple-pomeron” term which represents the sum of all dipole-dipole in-
teractions (it is dominant at large masses of the excited system).

Let us describe in more details each of the two components. The triple-
pomeron” term dominates at low 3, where # = ¢/zp, p is the proton mo-
mentum fraction carried by the ”pomeron” '!. This component, integrated
over {, the momentum transfer, is factorisable in a part depending only on z,

3
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Figure 1: Results of the 3-parameter fit of the H1 proton structure function (the fit has been
performed using the points with @2 < 150GeV?)



(flux factor) and on a part depending only on 3 and Q? (" pomeron” structure
function) 1.

FPONQ?, z,, ) = ®(2,) Fp(Q?, 8) (4)
3
®(z,) = 2,777 (“"”‘ZGS:BP)) (5)

where a is defined in the first chapter, which gives the following formula for
the inelastic component:

2a\> _ 2a 1/2
FPOM o g=i-2ar <;> (_g_ﬂ) ()2 ( ﬂ(_ﬁ))

{3200 ()] (6)

The important point to notice is that a(z,) is proportional of Inl/z,.
The effective exponent (the slope of InFP in Inz,) is found to be dependant
on z, because of the term in In®(z,) coming from a, and is sizeably smaller
than the BFKL exponent. This is why we can describe an apparently soft
behaviour (a small exponent in z,) with the BFKL equation, which predicts
a hard behaviour (the exponent in #, is close to 0.35). This is due to the
fact that the effective exponent is smaller then the real one. It should be also
noticed that the structure function F' is directly proportional to the proton
structure function.

For the elastic component, one considers

PO ()7 a(2)" (2

x/oo 2bdb/01d2z2(1—z2) (z2+(1—z)2> X

22
60

[ B () 5 (o) (i)

2

(7)

and adds Ff(s)” where Fy is obtained from (36) by changing {22 +(1- 2)2}
into {4 (1 - 2)} and |k (QX) /1 (MX)] by [Ko (QX) Jo (MX)]. The

elastic component behaves quite differently 12. First it dominates at 8 ~ 1. It
is also factorisable like the inelastic component, but with a different flux fac-
tor, which means that the sum of the two components will not be factorisable.
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This means that in this model, factorisation breaking is coming from the fact
that we sum up two factorisable components with different flux factors. The §
dependence is quite flat at large 3, due to the interplay between the longitu-
dinal and transverse components. The sum remains almost independent of 3,
whereas the ratio R = Fp/Frp is strongly § dependent. Once more, a R mea-
surement in diffractive processes will be an interesting way to distinguish the
different models, as the dipole model predicts different # and Q2 behaviours.

The sum of the two components shown in figure 2 describes quite well the
H1 data. There is no further fit of the data as we chose to take the different
parameters (Qg, ap, ¢) from the Fy fit. In this study, the normalisation is let
free. The most striking point is that we describe quite well the factorisation
breaking due to the resummation of the two components at low and large 313.
The full line is the sum of the two components, the dashed line the inelastic
one (which dominates at low ), and the dotted line the elastic one (which
dominates at high ).
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