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Why NLO corrections?

 Precise determination of GPDs (so nucleon tomography)

 Universality testing in process that at Born level look alike
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Refreshing Deep Inelastic Scattering (DIS)

Factorization in cross-section

pQED Non-perturbative QCD

→ DIS is inclusive process
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Parton Distribution Functions (PDFs)

 Extracted from the hadronic tensor 𝑊𝜇𝜈, they determine the internal nucleon 

structure

PDF is 1D
𝑥 = longitudinal parton momentum 



Improving PDF’s 1D picture

 In 1997, Ji introduces Generalized Parton Distributions (GPDs) through Deeply

Virtual Compton Scattering (DVCS) process

 The point now is to study the conversión of a virtual photon into a real one



DVCS = exclusive process = factorization

in amplitude



GPD definition: 3D distribution

Measure the difference

between P and P’

𝑡 = 𝑃 − 𝑃′ 2

= −
(𝑞𝑖𝑛 − 𝑞𝑜𝑢𝑡)(𝑞𝑖𝑛 + 𝑞𝑜𝑢𝑡)

𝑃 + 𝑃′ 𝑞𝑖𝑛 + 𝑞𝑜𝑢𝑡
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Nucleon tomography via Fourier 

transform in the plane transverse to

proton motion



Other 2 “golden channels”: TCS & DDVCS

 TCS or timelike Compton scattering

 Counterpart of DVCS

 A real photon transforms into a virtual one (lepton photo-production)



 DDVCS or double DVCS

 2 virtual photons: spacelike (incoming) and timelike (outgoing) 



 DDVCS or double DVCS

 2 virtual photons: spacelike (incoming) and timelike (outgoing)

 Allows to measure GPDs outside 𝒙 = ±𝝃



Details in DDVCS

Experimentally, DDVCS is very demanding: x-sec smaller

than DVCS’  → EIC will have enough luminosity to accurate

measurements



Renormalization

 Need to renormalize both GPDs and hard part. Amplitude:

 We can work in DDVCS and use

Bare GPD

Bare hard-part coefficients
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Final GPDs at NLO

Kernels can be read from 



Hard part at NLO

 The divergent part of the whole amplitude at NLO (1st order in 𝛼𝑠) is 



Cancelling divergences, a.k.a., renormalizing
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Cancelling divergences, a.k.a., renormalizing

Renormalized

hard part

Oskar Grocholski’s Master thesis (still in preparation)



Getting the coefficients 𝐶1
𝑞
, 𝐶𝑐𝑜𝑙𝑙

𝑞



Gluon sector

 In the gluon sector there are also coefficients of that type that require more 

work:



Conclusions

sizable corrections, be careful with universality
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Future perspectives

 Phenomenology study of these NLO corrections

 PARTONS platform: open-source C++ program

 Contains several GPD models

 Leading twist… but higher twists will be included in near future

 Can be used by theorists and experimentalists

 Provides x-secs, Compton form factors, etc

PARtonic Tomography Of Nucleon Software


