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Color Dipole Framework

• Reference frame: rest frame of the nucleus

• Virtual photon fluctuations:
• Fock component expansion:

𝑞ത𝑞 + 𝑞ത𝑞𝐺 + 𝑞ത𝑞2𝐺 + 𝑞ത𝑞3𝐺 +⋯
• For DIS at proton target only the first Fock component

• Cross section:

𝜎𝑡𝑜𝑡
𝛾∗𝑁

𝑥𝐵𝑗 , 𝑄
2 = න𝑑2𝑟න
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𝑇,𝐿 Ԧ𝑟, 𝛼, 𝑄2 2

𝜎𝑞 ത𝑞(Ԧ𝑟, 𝑠)

• 𝛾∗ → 𝑞ത𝑞 wave function:

Ψ𝑞 ത𝑞
𝑇,𝐿 Ԧ𝑟, 𝛼, 𝑄2 =

𝑁𝑐𝛼𝑒𝑚
2𝜋

𝑍𝑞 ҧ𝜒 𝑂𝑇,𝐿𝜒𝐾0(𝜖𝑟)

• Improvement: non-perturbative interaction 𝑞 − ത𝑞
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See more: arXiv:2003.04156

See more: Phys. Rev. D62, 054022 (2000)



Nuclear shadowing

• Nuclear shadowing: shadowing of hadronic 
components of virtual photon caused by their 
multiple scattering inside the target

• Coherence length (CL)/time: 
• Controls the dynamics of nuclear shadowing

• Photon fluctuation lifetime

• For example:  lowest Fock component |𝑞 ത𝑞〉

𝑙𝑐 =
2𝜈

𝑄2+𝑀𝑞ഥ𝑞
2 ,   𝜈 =

𝑄2

2𝑚𝑁𝑥𝐵𝑗

• CL is related to the longitudinal momentum 𝑞𝑐 = 1/𝑙𝑐
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Nuclear shadowing limits

• Eikonal approximation (LCL – long coherence length)

• 𝜎𝑞ത𝑞 → 2 1 − 𝑒
−
1

2
𝑇𝐴 𝑏 𝜎𝑞ഥ𝑞

• This is valid for 𝒍𝒄 ≫ 𝑹𝑨

• I.E.: for small 𝑥𝐵𝑗

• For all other 𝒍𝒄 use the Green function technique

•
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This technique is more 
important for higher 
Fock components, 
because

𝑀𝑞 ത𝑞
2 ≪ 𝑀𝑞 ത𝑞𝐺

2 ≪ 𝑀𝑞 ത𝑞2𝐺
2 ≪ ⋯



Green Function Formalism

• For equations, see arXiv:2003.04156

• In high energy limit, the Green function takes a 
eikonalized form 
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Quark vs gluon shadowing

• Quark shadowing: from 𝑞 ത𝑞 Fock component

• Gluon shadowing: from 𝑞ത𝑞𝐺 + 𝑞 ത𝑞2𝐺 +
𝑞ത𝑞3𝐺 +⋯ Fock components
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Gluon shadowing

• 𝜸∗ → 𝒒ഥ𝒒𝑮 wave function
• 𝛾∗ → 𝐺𝐺 approximation, valid for higher 𝑄2

• The full 𝛾∗ → 𝑞ത𝑞𝐺 wave function in progress

• Small 𝜎𝑞 ത𝑞 Ԧ𝑟, 𝑠 approximation, i.e., 𝜎𝑞 ത𝑞~𝐶𝑟
2

• Various ways to get factor 𝐶

• We discuss two of them denotes as 𝐶0 and more realistic 𝐶eff

• Green function considered only because

• 𝑀𝑞 ത𝑞𝐺
2 =

𝑝𝑇
2

𝛼𝐺 1−𝛼𝐺
+

𝑀𝑞ഥ𝑞
2

1−𝛼𝐺
≫ 𝑀𝑞 ത𝑞

2

• Implemented as 𝜎𝑞 ത𝑞 Ԧ𝑟, 𝑠 → 𝑅𝐺 𝑏, 𝑥𝐵𝑗, 𝑄
2 𝜎𝑞 ത𝑞( Ԧ𝑟,𝑠)
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See more: Phys. Rev. C62, 035204 (2000)

See more: Nucl. Phys. A696, 669 (2001)



BK equation note

• Balitsky-Kovchegov (BK) evolution equation
• Summation of all Fock components with gluons is 

inherent

• Usually, the interaction is treated in high energy limit, i.e., 
the eikonalized form is used

• That is 𝑙𝑐
𝑞 ത𝑞
, 𝑙𝑐
𝑞 ത𝑞𝐺

, … , 𝑙𝑐
𝑞 ത𝑞𝑛𝐺

≫ 𝑅𝐴
• Leading to overestimated nuclear shadowing

• This is not reliable at kinematics covered by EIC
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Results: quark shadowing only 
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Results: quark shadowing only 
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Results: Gluon shadowing standalone
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Results: Full shadowing
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Results: Full shadowing
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Results: Data comparison
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Dipole Formalism allows more

• So far, we studied 𝐹2
𝐴 only

• We can study more:
• Centrality dependence

• 𝐹𝐿
𝐴, 𝜎𝐿

𝐴/𝜎𝑇
𝐴

• 𝐹2
𝑐,𝐴, 𝐹𝐿

𝑐,𝐴, 𝜎𝐿
𝑐,𝐴/𝜎𝑇

𝑐,𝐴

• 𝐹2
𝑏,𝐴, 𝐹𝐿

𝑏,𝐴, 𝜎𝐿
𝑏,𝐴/𝜎𝑇

𝑏,𝐴

• Note, the following results are preliminary and for 
GBW dipole cross section parametrization only
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Results: Centrality
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Results: Centrality
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Results: Various observables
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Results: Ratios
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What we offer to EIC?

• For EIC collaboration, we offer help with 
development color dipole framework based MC 
event generators such as Sartre
• Implementation of Green function formalism

• Exclusive processes involving VM

• Other related features…

• Gluon shadowing grids:
• https://zenodo.org/record/3470138

M. Krelina, 1st EIC Yellow Report Workshop

https://zenodo.org/record/3470138


Conclusions and outlooks
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• Improvements
• Non-perturbative effects in 𝑞 − ത𝑞 interaction
• Exact treatment of coherence length
• Green function technique

• Gluon shadowing
• Green function formalism important
• Studied uncertainties of applied approximations

• Main source of uncertainty: dipole cross section 𝜎𝑞 ത𝑞 Ԧ𝑟, 𝑠

• 𝜎𝑞 ത𝑞 Ԧ𝑟, 𝑠 is fitted from DIS

• Nuclear DIS can help to exclude some of them
• Color dipole formalism offers the nature calculations at 

nuclear targets



Thank you for your attention!

M. Krelina, 1st EIC Yellow Report Workshop



M. Krelina, 1st EIC Yellow Report Workshop

The work was supported from European Regional 
Development Fund-Project 

"Center of Advanced Applied Science" 

No. CZ.02.1.01/0.0/0.0/16-019/0000778.


