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Introduction

Motivation: Investigation of the gluon density with dipole model, as
an alternative to the PDF approach. Prefered choice : BGK dipole
model, which uses a very similar evolution scheme as PDFs, i.e.
DGLAP evolution in the kt factorization scheme (in contrast to the
collinear factorization for PDFs).

The precise knowledge of the gluon density is mandatory to fully
exploit the LHC physics potential - because gluon density
determines the Higgs production rate.

The analysis was done in the HERAFitter framework.
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Outline

Dipole model approach.

GBW and BGK parametrization of dipole cross section.

Results of the fits for BGK dipole model with valence quarks.

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

γ* γ*

p

z

1-z
r

p

 

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 xλg (1 − x)Cg

soft + hard gluon:

xg(x, µ2

0
) = Ag xλg (1 − x)Cg (1 + Dgx + Egx

2)

soft + negative gluon:

xg(x, µ2

0
) = Ag xλg (1 − x)Cg − A′

g xλ′

g (1 − x)C′

g
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BGK dipole model fits with valence quarks

Soft gluon Q2 ≥ 3.5 GeV 2

Soft + hard gluon
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BGK dipole model fits with valence quarks

Soft gluon Q2 ≥ 8.5 GeV 2

Soft + hard gluon
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Comparision between two gluons: soft and soft+hard

“soft gluon”: xg(x, µ2

0
) = Ag xλg (1 − x)Cg

“soft + hard gluon”: xg(x, µ2

0
) = Ag xλg (1 − x)Cg (1 + Dgx + Egx

2)
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Could this be a sign of intrinsic gluon?
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Gluon density

Comparision of soft + hard gluon in the range of Q2 = 3.5 GeV 2 and
8.5 GeV 2.
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Gluon density

Comparision between soft + hard gluon and HERAPDF gluon in the
LO and NLO approach.
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Gluon density

Comparision between soft gluon and HERAPDF gluon in the LO
and NLO approach.
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Gluon density

Comparision between soft + hard gluon in the LO and NLO with
HERAPDF gluon in the LO and NLO approach.
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Dipole model fit with soft + negative gluon

xg(x, µ2

0
) = Ag xλg (1 − x)Cg − A′

g xλ′

g (1 − x)C′

g
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Gluon density

Dipole model fit with soft + hard gluon - D parameter only.
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Comparison with HERA data

Combined ZEUS and H1 Data
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Prediction for FL function from BGK dipole model

Combined ZEUS and H1 Data
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Summary

It is possible to describe the HERA data very well using solely the
dipole model gluon density with added valence quarks from the
usual PDFs.

The quality of the fits from the BGK dipole model with valence
quarks and without valence quarks are very good. They are similar
to the PDFs fits.

This could show a way to improve the PDFs fits because the gluon
density within dipole model is less sensitive to the higher order
corrections than in the collinear factorization scheme, which is
usually used.
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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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