
5/3/2022 DIS 2022, Santiago de Compostela 1

Non-linear evolution in the NLO
vs

experimental HERA data

Michael Sanhueza

Carlos Contreras  - Eugene Levin

Rodrigo Meneses

DIS2022, Santiago de Compostela, Spain.

May 2-6, 2022

This presentation is based on: 2007.06214v2 

(2020), 2106.06214v1 (2021)

Universidad Técnica 
Federico Santa María,

Chile.



Outline

•Current problems in theoretical description.

•Leading twist nonlinear evolution in NLO.

•Confronting exp. data: phenomenological input.

•Confronting exp. data: DIS structure functions.

•Conclusions.
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Current problems in theoretical description.

• LO is an apparent contradiction with the experimental
data.
•NLO is needed to describe: BFKL Pomeron intercept

and energy behavior of saturation scale.
•NLO of leading evolution = previous attempts [Albacete

et all 2011,Contreras et all 2016, Ducloe et all
2017,2019, Beuf et all 2020].
•Differences in the nonlinear NLO corrections.
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Balitsky-Kovchegov (BK) Non-linear equation
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For the kernel of the LO BFKL equation the
eigenvalues take the form:

Lipatov et all 1975, 
1977, 1978



Resummed anomalous dimensions in NLO.
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General solution to linear equation

Turns out to be 
singular at 𝛾 → 1

Re-sum has been done: Ref. [Salam and 
collaborators arXiv: 9806482, 9905566, 0307188]

Eigenvalues in the NLO

Fadin-Lipatov (1998)
Ciafaloni-Camici (1998)



Resulting spectrum of BFKL eq in NLO
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Khoze, Martin, Ryskin and Stirling suggested an economic
form to arXiv:04061305  

𝛾 → 1 𝛾 → 0
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𝛾 → 0 𝛾 → 1



• Is needed for the description of the HERA data
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Non linear evolution that we used
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Levin-Tuchin 2000



We found numerical solution: 
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𝑎 = 0.65𝛺0 = 0.1



Observables in DIS
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Scattering amplitude in three different 
kinematic regions
•𝑸𝒔

𝟐𝒓𝟐 < 𝟏 (Perturbative region)

• 𝑸𝒔
𝟐𝒓𝟐 ~ 𝟏 (Vicinity of saturation scale)

•𝑸𝒔
𝟐𝒓𝟐 ≫ 𝟏 (Saturation region)
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Two aproaches: saturation scale

5/3/2022 DIS 2022, Santiago de Compostela 13

• We used phenomenological input: nonperturbative behavior at large 
b only in Qs.  (Kovner and Wiedemann, 2002)

• We introduced exponential suppression which follows from Froissart 
theorem.

• Different approach summing pion loops in Qs. (Gotsman-Levin 2020)



Restriction of kinematics region and 
parameters of our fit.
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[arXiv:0911.0884 [hep-ex]].



Confronting the model with experimental data:
𝑭𝟐 vs 𝒙𝑩𝒋
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[arXiv:0911.0884 [hep-ex]]



Confronting the model with experimental data:
𝑭𝟐 vs 𝒙𝑩𝒋, (at low𝑸𝟐 )
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Confronting the model with experimental data:
𝑭𝐋 vs 𝒙𝑩𝒋 - 𝑭𝟐

𝒄ത𝒄 vs 𝒙𝑩𝒋

5/3/2022 17[arXiv:1211.1182 [hep-ex]]

[arXiv:0911.0884 [hep-ex]]
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Conclusions
•We treated the non-linear evolution equation including

NLO corrections.

•We have found numerical solution to BK equation.

•We used two approaches in Saturation momentum, in
accordance with Froissart theorem.

• The results of our fits describe quite well the
experimental data of DIS.
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