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Process 

In this work we are interested in 
studying the production of a direct 
photon  plus a pion  in proton-
proton collision:

The aim is reconstruct the 
momentum fraction x

1
, x

2
 and z of 

the originals partons in the 
interaction  to NLO QCD + LO 
QED  accuracy . 

pp → π+ + γ

Hard 
photon 
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Motivation 
● Aim: reconstruct the momentum fractions x

1
, x

2
 and z.  

● Nowadays, Machine Learning is a tool that allows to make a predictive model to 
reconstruct  {x

1
, x

2
 , z}. 

20212011

1011.0486

2104.14663  

2112.05043 



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 4

Hadronic Cross-Section

In hadron-hadron collisions, the cross section is described by the 
convolution between PDFs, FFs, and the partonic cross section.
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Cross section calculation 

● The  Cross-Section at NLO QCD is implement in FKS (virtual + real + UV 
counter terms + ISR counter-terms) 

Hadronic cross-section

Partonic cross-section 
LO QCD LO QED NLO QCD
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Computational details

The selection procedure is given by the Smooth Cone Isolation algorithm

Smooth cone isolation 

Photon
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Computational details

The selection procedure is given by the Smooth Cone Isolation algorithm

Smooth cone isolation 

Smooth function: 

Selection criteria 

Define: 

If Then: 

γ is Isolated

Else: 

γ is not Isolated 

Photon
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Computational details

The selection procedure is given by the Smooth Cone Isolation algorithm

Smooth cone isolation 

Smooth function: 

The cuts are used by STAR/PHENIX @ RHIC 

Selection criteria 

Define: 

If Then: 

γ is Isolated

Else: 

γ is not Isolated 

Photon
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First: Photon + Hadron distributions

Transverse momentum distribution.
●  The cross-section increases for higher c.m. energies.
●  The distribution in falls faster than the -spectrum, mainly because of the convolution 

with the FFs.

2112.05043 [hep-ph] 



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 10

First: Photon + Hadron distributions

Fraction momentum distribution.
● Important NLO QCD corrections, but small percent-level LO QED ones.
● The experimental cut in       induces a restriction on the maximum value of x involved in the 

collision.
● The distribution present a peak, located at z

Peak
 ≈ 0.35 for RHIC z

Peak
 ≈ 0.25 for LHC Run II. 

2112.05043 [hep-ph] 
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Reconstructing the partonic kinematics
Experimentally accessible quantities:

Detector measurements 

LO kinematics
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Reconstructing the partonic kinematics
Experimentally accessible quantities:

Detector measurements 

NLO QCD approximation (2011)

 

LO kinematics
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Reconstructing the partonic kinematics
Experimentally accessible quantities:

Detector measurements 

NLO QCD approximation (2011)

 

LO kinematics
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Reconstructing the partonic kinematics

Results in 2022 with machine learning. 
● We started with LO cross-sections, and applied linear regression.
● We used the basis:

2112.05043 [hep-ph] 
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Reconstructions Methods

● Linear Method  

● Gaussian Process Regression
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Reconstructions Methods
Neural Network

Input Hidden Layer Output

● Linear Method  

Input

Output

{x
1
, x

2
, z}

The NN implemented in this work is a Multilayer 
Perceptron with 5 hidden layers, 300 neurons per 
layer and a Relu (Unitary Linear Rectifier) 
activation function.  

● Gaussian Process Regression

● Neural Network   
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General basis:

Reconstructing the partonic kinematics
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General basis:

LO-inspired basis:

Reconstructing the partonic kinematics
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General basis:

LO-inspired basis:

Reconstructing the partonic kinematics

Physically-motivated basis
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Reconstructing the partonic kinematics
Reconstructing {x, z} at higher-order

● NLO corrections involve: real (2-to-3), virtual 
(2-to-2), counterterms (2-to-2).

● Create “bins” in the external variables and 
compute the cross-section:

● Weight the MC momentum fractions with the 
cross-section per bin:
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2112.05043 [hep-ph] 

Reconstructing the partonic kinematics
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2112.05043 [hep-ph] 

Reconstructing the partonic kinematics
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Neural Networks (NN) 
reconstruction 

Reconstructing the partonic kinematics

2112.05043 [hep-ph] 

LO prediction

NLO QCD + LO QED 
prediction
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Reconstructing the partonic kinematics

arXiv:2112.05043 [hep-ph]
Machine Learning 
2022

arXiv:1011.0486 [hep-ph]
Analytical formula approx  
2011
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Conclusions

● Updated results are still consistent with ’11 analysis (modifications come 
from new PDFs and better FFs)

● LM: better for large-size basis

● GR: has more flexibility, and better agreement w.r.t. LM (improvement in 
X)

● NN: based on MLP, offers the best balance between assumptions and 
quality of the reconstruction
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Conclusions

● Updated results are still consistent with ’11 analysis (modifications come 
from new PDFs and better FFs)

● LM: better for large-size basis

● GR: has more flexibility, and better agreement w.r.t. LM (improvement in 
X)

● NN: based on MLP, offers the best balance between assumptions and 
quality of the reconstruction

Thanks! 
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Thanks! 
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Motivation 
● Aim: reconstruct the momentum fractions x

1
, x

2
 and z.  

● Nowadays, Machine Learning is a tool that allows to make a predictive model to 
reconstruct  {x

1
, x

2
 , z}. 

20212011

1011.0486

2104.14663  

2112.05043 
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Photon + Hadron correlations

LO QCD

NLO QCD + LO QED

● Positive correlation
• Consequence of the initial 
state symmetry
(pp collision)
• It is a cross-check 



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 30



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 31



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 32



Extraction fractions moments using Machine Learning techniques in pp → π + γ  process. 33

Reconstructing the partonic kinematics
Reconstructing {x, z} at higher-order

● NLO corrections involve: real (2-to-3), virtual 
(2-to-2), counterterms (2-to-2).

● Create “bins” in the external variables and 
compute the cross-section:

● Weight the MC momentum fractions with the 
cross-section per bin:
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Second: Photon + Hadron correlations
LO kinematics
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Second: Photon + Hadron correlations
NLO kinematics
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