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Dipole model of DIS

Dipole picture of DIS at small x in the proton rest frame

γ* γ*
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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) is parameterized.
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GBW parametrization

(Golec-Biernat Wusthoff,99)

GBW 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 scattering amplitude to F2 data

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

(Iancu, Itakura, Munier, Soyez 04-07)

The dipole scattering amplitude in this parametrization

N̂(r,b, x) = S(b) N(r, x) S(b) = exp(−b2/(2Bd))

Dipole cross section is given by (Qs = 1/Rs)

σ̂(r, x) = 4πBd N(r, x) .

N(r, x) =















N0

(

rQs

2

)2γs

e
2 ln2(rQs/2)

κλ ln(x) for rQs ≤ 2

1 − e−4α ln2(βrQs) for rQs > 2

Parameters λ, x0, N0, Bd are equal to

λ = 0.22, x0 = 1.63 · 10−5, N0 = 0.7, Bd = 6 GeV −2
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Comparison of GBW with CGC
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The same normalization.

In GBW from a fit to F2 data: σ0 = 29 mb.

In CGC from measured diffractive slope at HERA: Bd = 6 GeV −2

σ0 = 4πBd = 29 mb
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DIS diffraction
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Kinematic variables

xIP =
M2 + Q2

W 2 + Q2
, β =

Q2

Q2 + M2

Diffractive structure functions

FD
2 (xIP , β, Q2) FD

L (xIP , β, Q2)
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DIS diffraction in dipole models

Successful description with two component diffractive state: qq and
qqg from photon with transverse and longitudinal polarization T, L

lt lt

α,kt

q

p

lt lt

α,kt

q

p

Diffractive structure functions are given by

FD
2 = F

(qq)
T + F

(qq)
L + F

(qqg)
T

FD
L = F

(qq)
L

Dipole model analysis of diffractive DIS 8/20



Diffractive structure functions: qq component

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

xIP F
(qq)
T =

3Q4

64π4βBd

∑

f

e2
f

∫ 1/2

zf

dz z(1 − z)

×
{

[z2 + (1 − z)2] Q2
f φ2

1 + m2
f φ2

0

}

xIP F
(qq)
L =

3Q6

16π4βBd

∑

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, xIP )

In diffractive DIS substitution in σ̂(r, xIP )

x =
Q2

Q2 + W 2
→ xIP =

Q2 + M2

Q2 + W 2
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Diffractive structure functions: qqg component

The qqg component from transverse photons with massless quarks

xIP F
(qqg)
T =

81βαs

512π5Bd

∑

f

e2
f

∫ 1

β

dz

(1 − z)3

[

(

1 −
β

z

)2

+

(

β

z

)2
]

×

∫ (1−z)Q2

0

dk2 log

(

(1 − z)Q2

k2

)

φ2
2(xIP , z, k) ,

Since kTq ≈ kTq ≫ kTg we have a gluon dipole and the GBW dipole
cross section is given by

σ̂(r, xIP ) ≡ σ̂gg = σ0

(

1 − e−(CA/CF )r2Q2
s(xIP )/4

)

Color factor modyfication: CA/CF = 9/4 for Nc = 3
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Summary of the three contributions to FD
2
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β =
Q2

Q2 + M2

qq from transverse photons for β ≈ 1/2

qq from longitudinal photons for β ≈ 1 (for small diffractive mass)

qqg for β ≪ 1 (for large diffractive mass)
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The comparison for σD
r = FD

2 − y2

1+(1−y)2 FD
L : ZEUS 2009
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Diffractive charm production: only cc

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

xIP F
(cc)
T =

3Q4e2
c

64π4βBd

∫ 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

Minimal diffractive mass M2
min = 4m2

c gives maximal value of β

βmax =
Q2

Q2 + 4m2
c

< 1

Pure cc̄ contributions is very small.
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Exclusive cc̄ contribution
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Exclusive cc production is negligible.
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Diffractive charm production: ccX state

We use collinear factorisation formula for ccX diffractive production

F
D(ccX)
2,L = 2β e2

c

αs(µ
2
c)

2π

∫ 1

aβ

dβ′

β′
C2,L

(

β

β′
,
m2

c

Q2

)

gD(xIP , β′, µ2
c)

where a = 1 + 4m2
c/Q

2 and the factorization scale µ2
c = 4m2

c .

M
2

k
T
= 0

The standard gluon distribution is replaced by the diffractive gluon
distribution gD(xIP , β′, µ2

c).
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Diffractive gluon distribution
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Gluon from the qqg component of the dipole model (blue lines)

Gluon from DGLAP fits to HERA diffractive data (red lines)
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Diffractive charm production: ccX
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ccX contributes up to 30% to FD
2 for large diffractive mass (small β).
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Comparison with HERA data

H1:  Q2=35 GeV2
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Fractional charm contribution

H1: 35 GeV2

xP=0.004f D
cc

β

xP=0.018

β
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

10
-1 0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

10
-1

Fractional contribution fD(charm) = σ
D(charm)
r /σD

r of the diffractive
charm to total diffractive cross section.

Up to 20 − 30%.

Dipole model analysis of diffractive DIS 19/20



Conclusions

Good overall agreement with the diffractive HERA data on FD
2 .

For small β curves below the data - more complicated diffractive
state than qqg is necessary.

M
2

Charm contribution is important for small β (large diffractive mass) -
contibutes to FD

2 up to 20 − 30%.
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