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Outline

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

Dipole model approach

GBW and BGK parametrization of dipole cross section

Results of the fits
Fits to F cc

2 function
Fits to σr with different valence quarks contributions
Fits to σr from HERAFitter package

Conclusions
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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
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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 with GBW parametrization

GBW (Golec-Biernat, Wüsthoff) parametrization

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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Dipole cross section with BGK parametrization

BGK (Bartels-Golec-Kowalski) parametrization

σ̂(r, x) = σ0

{

1 − exp
[

−π2r2αs(µ
2)xg(x, µ2)/(3σ0)

]}

R2
s is replacing by a gluon density with explicit DGLAP evolution

µ2 = C/r2 + µ2
0 is the scale of the gluon density

gluon density is evolved according to the (LO) DGLAP equation

xg(x, µ2
0) = Ag x−λg (1 − x)Cg
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Structure functions in dipole models

The qq components from T and L polarised photons are given by

F
(qq)
T =

3Q4

64π4

∑

f

e2
f

∫ 1/2

zf

dz z(1 − z)

×
{

[z2 + (1 − z)2] Q2
f φ2

1 + m2
f φ2

0

}

F
(qq)
L =

3Q6

16π4

∑

f

e2
f

∫ 1/2

zf

dz z3(1 − z)3 φ2
0

The functions φi take the following form for i = 0, 1

φi =

∫

∞

0

drrKi(Qfr)Ji(kfr) σ̂(r, x)

x =
Q2

Q2 + W 2
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Charm structure functions in dipole models

Standard dipole model formula with mc = 1.4 GeV and ec = 2/3

F
(cc)
T =

3Q4e2
c

64π4

∫ 1/2

zc

dz z(1 − z)

×
{

[z2 + (1 − z)2] Q2
c φ2

1 + m2
c φ2

0

}

with zc = (1 −
√

1 − 4m2
c/M

2)/2

For the heavy quark contributions we modyfied x in σ̂(r, x)

x → x(1 +
4m2

f

Q2
) =

Q2 + 4m2
f

Q2 + W 2
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Results of the Fits

Dipole model BGK fit with charm quark contribution
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Results of the Fits

Dipole model BGK fit for F cc
2
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Results of the Fits

Predictions for F cc
2 from fits

ZEUS and H1 Data
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Results of the Fits

Dipole model BGK fit with different valence quarks contributions
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Results of the Fits from HERAFitter package

Dipole model BGK fit without valence quarks

Dipole model BGK analysis of the HERA data 12/17



Results of the Fits from HERAFitter

HERAPDF fit with valence quarks
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Results of the Fits from HERAFitter

HERAPDF fit with valence quarks
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Results of the Fits from HERAFitter

HERAPDF fit with valence quarks

Dipole model BGK fit with valence quarks
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Comparison with HERA data
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Summary

BGK dipole model describe reasonable well the recent data from
HERA for σr and F cc

2 function derived from D∗ mesons.

The treatment of the effects related to the charm quark contribution,
is an important issue in the determination of parton distribution
functions (PDFs).

The valence quarks contributions in the region of small x < 0.01
needs refinement.

Work in progress on BGK dipole model with valence quarks.
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