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Motivation
Imaging transverse spatial distribution of 

quarks and gluons

Exclusive reactions

DVCS DVMP



Inverse problems in QCD
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qFirst inverse problems

Inverse problem

qSecond inverse problem

QCD Theory

Observables
(fragmentation functions, Compton form factors, 

etc)

Experiments
(JLAB, EIC)



e  p                    eʹ pʹ 𝛑0

Liuti et. al, Phys. Rev. D 91, 
114013 (2015)

Liuti et. al, Phys. Rev. D 79, 
054014 (2009)

arxiv : 1401.0438
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Formalism



5

Theoretical background

hard 
process 
helicity 

amplitude

chiral-odd 
quark proton 

helicity 
amplitude
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quark-quark proton 
correlator

Hard process helicity 
amplitudes

Chiral-odd quark 
proton helicity 

amplitudes

Helicity amplitudes Contains 
parameterized GPDs

HT, ET, etc
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Experimental data
Jefferson Lab 

Hall A
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Phys. Rev. Lett. 127, 152301
Phys. Rev. C 83, 025201

Jefferson Lab Hall B

Phys. Lett. B 768 (2017) 
168–173

Cross-section

AsymmetryThanks to Prof. Garth 
& Alicia
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best overlapping kinematic bins
Datatype

           
             kinematic

Q2 W xBj |t| 𝞮

𝝈’s 2.67 1.94 0.48 0.470 0.510

A
2.83 2.26 0.40 0.520 0.580

Joint 
(𝝈, A) 2.75 2.1 0.44 0.495 0.545
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Finding the best kinematic bin for analysis

https://commons.wikimedia.org/w/index.php?curid=67617313

qFind the closest set of kinematic bins from all the data

qPythagorean theorem

qFind the Euclidean
 distance



qWe use a “canonical” approach to perform a Bayesian likelihood analysis.

qThe joint likelihood of the parameters of interest is calculated as a simple 
product of Gaussians.

ℒ =$
!"#

$

𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛(𝑥, 𝜇, 𝜎)

𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑥, 𝜇, 𝜎 ∝ 𝑒𝑥𝑝 −
1
2
𝑥 − 𝜇
𝜎

	

qMarkov Chain Monte Carlo (MCMC) algorithms are used to take 
multidimensional probability density functions and generate set of 
representative samples.

qThese samples are used to create easy visualizations of the samples in the 
form corner plots.
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https://arxiv.org/abs/2410.23469

Likelihood Analysis
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https://arxiv.org/abs/2410.23469
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What is more important for CFFs fundamentally?

In a QCD factorized scenario
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Monte Carlo samples 
from likelihood analysis 
from cross-section data 

only

No information prior 
(flat sampling)

MCMC samples
Sample count = 1e6
Walker count  = 144
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Monte Carlo samples 
from likelihood analysis 
from asymmetry (AUL, 

ALL) data only

MCMC samples
Sample count = 1e6
Walker count  = 144
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Monte Carlo samples 
from joint likelihood 

analysis

MCMC samples
Sample count = 3e7
Walker count  = 144
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Consistency check
data_truth

MCMC samples
Sample count = 3e7
Walker count  = 144



17

Consistency check
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Similar extraction of CFFs

Monte Carlo samples from 
likelihood analysis from cross-

section data only

MCMC samples
Sample count = 1e6
Walker count  = 64
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Monte Carlo samples from 
likelihood analysis from 

asymmetry (AUL, ALL) data 
only

MCMC samples
Sample count = 1e6
Walker count  = 64
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Monte Carlo samples from 
joint likelihood analysis

MCMC samples
Sample count = 5e6
Walker count  = 64
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data_truth

MCMC samples
Sample count = 5e6
Walker count  = 64

Consistency check
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Consistency check



Conclusion
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qAttempt to have a possible extraction of Compton form 
factors from 𝛑0 cross-section and asymmetry data.

qNeed of more different kinds data for any particular 
kinematic bin! 
qLike more Φ dependent observables

qMore kind of polarization observables.

qBroader range of x and Q2



Model comparison with data at HALL A
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Phys. Rev. Lett. 127, 
152301

GGL, Phys. Rev. D 91, 
114013 (2015)

qAnalysis on more kinematic bins
qAn analysis in t

What next can be done!
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GGL, Phys. Rev. D 91, 114013 (2015)
GGL, Phys. Rev. D 79, 054014 (2009)

arxiv : 1401.0438

FUU,T + 𝞮FUU,L

Fcos 𝝓
UU Fcos 2𝝓

UU

FUU,T + 𝞮FUU,L

Fcos 𝝓
UU

Fcos 2𝝓
UU

GPDs??

Second Inverse 
problem



Thank you
Any Questions?
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Backup slides
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