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Introduction

Motivation: We analyse, within a dipole model, the final, inclusive
HERA DIS cross section data in the low x region, using fully
correlated errors.

We show, that these highest precision data are very well described

within the dipole model framework starting from very low Q2 values

of 0.3 GeV2 to the highest values of Q2 = 250 GeV2.

We discuss the saturation question and the properties of the gluon
density obtained in this way.

The analysis was done in the xFitter framework.
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Outline

Dipole model approach.

GBW and BGK parametrization of dipole cross section.

Results of the fits from BGK dipole model.

Gluon density.

Comparision with HERA data.

Summary.
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Dipole model of DIS

Dipole picture of DIS at small x in the proton rest frame
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r - dipole size

z - longitudinal momentum
fraction of the quark/antiquark

Factorization: dipole formation + dipole interaction

σγp =
4π2αem

Q2
F2 =

∑

f

∫

d2r

∫

1

0

dz |Ψγ(r, z,Q2,mf )|
2 σ̂(r, x)

Dipole-proton interaction

σ̂(r, x) = σ0 (1− exp{−r̂2}) r̂ = r/Rs(x)
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Dipole cross section

BGK (Bartels-Golec-Kowalski) parametrization

σ̂(r, x) = σ0

{

1− exp
[

−π2r2αs(µ
2)xg(x, µ2)/(3σ0)

]}

µ2 = C/r2 + µ2

0
is the scale of the gluon density

µ2

0
is a starting scale of the QCD evolution. µ2

0
= Q2

0

gluon density is evolved according to the LO or NLO DGLAP eq.

soft gluon:

xg(x, µ2

0
) = Ag x

λg (1− x)Cg

soft + hard gluon:

xg(x, µ2

0
) = Ag x

λg (1− x)Cg (1 +Dgx+ Egx
2)
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Results of the Fits

Dipole model BGK fit with fix valence quarks and without
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Results of the Fits

Dipole model BGK fit with fitted valence quarks

HERAPDF fit with fitted valence quarks
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Results of the Fits

HERAPDF fit with fix valence quarks, soft gluon

HERAPDF fit with fix valence quarks, soft + hard gluon
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Results of the Fits

mu,d,s = 140 MeV , mc = 1.3 GeV

σ̂(r, x) = σ0

{

1− exp
[

−π2r2αs(µ
2)xg(x, µ2)/(3σ0)

]}

with saturation

σ̂(r, x) = σ0 [π2r2αs(µ
2)xg(x, µ2)/(3σ0)] without saturation
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Gluon density
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Gluon density
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The differences are disappearing at larger Q2.
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Comparision with HERAI+II data
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Comparision with HERAI+II data
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Summary

BGK dipole fits (with saturation) describe the final, high precision

HERA data with x < 0.01, very well: χ2/Np → 1.

Little sensitivity to valence quarks contribution observed.

Gluon density from the dipole models is higher than the PDFs gluon

at low Q2.

The extrapolation to the very low Q2 region shows a sizable

overshoot. This indicates that at very low Q2 saturation effects of
the eikonal aproximation are too small.

The fit in the whole Q2 region, 0.3 < Q2 < 250 GeV2 is only slightly
better than in the extrapolated case. The systematic overshoot of
the fits over data remains.

The χ2/Ndf in the region: 0.3 < Q2 < 250 GeV2 is sizably higher than

in the fits in the region 3.5 < Q2 < 250 GeV2, χ2/Ndf = 1.21, with the

saturation ansatz and χ2/Ndf = 1.52 without the saturation ansatz.

In the lower Q2 < 3.5 GeV2 range the saturated ansatz of the gluon
density seems to be prefered.
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Dipole scattering amplitude with GBW parametrization

GBW parametrization with heavy quarks f = u, d, s, c

σ̂(r, x) = σ0

(

1− exp(−r2/R2

s

)

) , R2

s = 4 · (x/x0)
λ

GeV 2

The dipole scattering amplitude in such a case reads

N̂(r,b, x) = θ(b0 − b)
(

1− exp(−r2/R2

s)
)

where

σ̂(r, x) = 2

∫

d2b N̂(r,b, x)

Parameters b0, x0 and λ from fits of N̂ to F2 data

λ = 0.288 x0 = 4 · 10−5 2πb2
0
= σ0 = 29 mb
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