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Motivations and scope of the project:
Extraction of Gravitational Form Factors using Neural Networks,
from experimental data with constraints from LQCD

Current state of the project:
Test of the Gepard framework and extraction of Form Factors using LQCD

Future directions
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Motivation and scope of the project:
Extraction of Gravitational Form Factors from
experimental data using Neural Networks, with

constraints from LQCD
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Gravitational Form Factors (GFFs)...
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Matrix element from the QCD Energy-Momentum Tensor
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Full Review in Forces inside hadrons: pressure, surface tension, mechanical radius, and all that, Maxim V. Polyakov, Peter Schweitzer, Int.].Mod.Phys. (2018)
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... and their link to GPDs

A “hand-wave”’ definition of GPDs: Deeply Virtual Compton Scattering

* DVCS amplitude depends on
complex integral of GPDs, the
Compton form factors:

1 1 1
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A ( GPD >
y \p‘I
Figures in A.V. Belitsky, A.V. Radyushkin, Unraveling hadron structure with

generalized parton distributions, Physics Reports, Volume 418, Issues 1-6 2005

* Accessing Gravitational Form Factors, which appear in the nucleon EMT matrix elements:
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* Understanding the spin composition of the nucleon (aka the “spin puzzle”) using the |i’s sum rule:

Jo=33 /_1 do o(H(z,€,0) + E(z,£,0) = 3 %(Aq(t) + BIt)

q |
Xiangdong Ji. Gauge-invariant decomposition of nucleon spin. Phys. Rev. Lett., 78:610613 (1997) %Qﬁ]el Son Lab

DVCS beam charge asymmetry
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Existing tools

SN Ggpqrd

¢ C++ framework for the phenomenology of the 3D « Python framework for the study of GPDs
structure of the nucleon (TMDs & GPDs) «  Gepard Website
* Partons Website * K. Kumericki, D. Miller, K. Passek-Kumericki, Towards a
* B.Berthou et al., PARTONS: PARtonic Tomography Of fitting procedure for deeply virtual Compton
Nucleon Software: A computing platform for the scattering at next-to-leading order and beyond,
phenomenology of Generalized Parton Distributions, Nuclear Physics B.Volume 794, Issues 1—2, 2008

Eur. Phys. . C78 (2018), 478

Limitations

* No dedicated methods to fit all GFFs
 Ad-hoc or outdated ML libraries Jeff

?_D\)
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https://partons.cea.fr/partons/doc/html/index.html
https://doi.org/10.1140/epjc/s10052-018-5948-0
https://gepard.phy.hr/
https://arxiv.org/abs/hep-ph/0703179
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Previous works and results
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Deliverables

* A tools to fit all existing data using Neural Networks to extract GFFs

* Easy to use and interface with previous tools > e pgthOﬂ

e Use State-of-the-art standard ML libraries - O Py-l-o rCh

Able to handle both experimental and LQCD data

YAV
. . S P09
* Able to test the impact of future experiments BV

’ V\,
ack 0 the P
\WP
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Personnel

Data science

- K. Rajput (JLab)
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Oct 2023

LW

PARTONS and GEFARD deployment at JLab
Interfacing Partons with TensorFlow

NM framework developement

Training, evaluation and testing of the NN
Implementation of constraint provided by LQCD
Computation of the local matrix element for LQCD

Matching of the matrix elements to continuum scheme

Test NN on existing data with LQCD constraints

Request for computing resources for full scale training

GFFs extraction with various LQCD contraints

Generation of DDVCS and TCS pseudo-data

Evaluation of the impact of future TCS and DDVCS measurement
Produce a set of renormalized GFFs computed on the lattice

Compare with the GFFs obtained through the loffe-time method

Nov 2023 Dec 2023 Jan 2024 Feb 2024 Mar 2024 Apr 2024 May 2024 Jun 2024 Jul 2024 Aug 2024 Sep 2024 Oct 2024
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Today
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Current state of the project:
Test of the Gepard framework and
extraction of Form Factors using LQCD
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Fitting DVCS data using a Neural Network
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Test of the Gepard framework

e All results shown here are obtained based on the
Gepard code available here
* Goal: test if one can reproduce Kumericki, K.
Measurability of pressure inside the proton. Nature 570,
El-E2 (2019) results to build upon it
: Approach
Fit CLAS results with a neural network and
extract Compton Form Factors
* Pytorch is used to build and train the Neural
Network
* No constraints on the NN (in particular no
dispersion relation)

.ggf_f/?son Lab
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Data sets used for the fit

DVCS beam spin asymmetries measured by the CLAS experiment DVCS (un)polarized cross-section measured by the CLAS experiment
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Phys. Rev. Lett. 100, 162002,2008 Lett. 115,212003,2015 JeffersSon Lab
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Results of the fit

10.0
> m
01 VLGN 777)
iy
g 251
o
0.0
T T T T T T _2-5 i
0.05 0.10 0.15 0.20 0.25 0.30 [ZZ3 NNDR-C15-2
& =xp/(2 = xp) g p— ' ' - -
41 Fit on CL a 0 M/////////%
5 —F
I —27
iy
o —4
&
—0 1
—8- Figures from Kumericki, K. Measurability of pressure
inside the proton. Nature 570, EI-E2 (2019)
T T T T T T 710 : i i : .
0.05 0.10 0.15 020 0.25 0.30 . T e . e
§ = xg/(2 — Xp) ¢
— Qualitative good agreement, proof of concept to build upon Jafter€on Lab



Motivations and scope eeoeeoe

Current state of the project eoooo

Future directions e e

Input from LQCD

Material from H. Dutrieux — HadStruc Collaboration

* Extraction of EM FFs using the LQCD

dataset which will be used for this work
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Input from LQCD
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Material from H. Dutrieux — HadStruc Collaboration

* So far only the “u-d” is extracted

* Using the same dataset, one can extract the integral of H /1

1

dz vH(z,§,t) = AT(t) + £ D(t)

* The obtained fit could be used as a constraint for the neural network
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Next steps of the LDRD project

Lattice QCD computation of the GFFs

e Extract full GFFs A, B, D
* Provide parametrization for the NN approach (see below)

Fitting framework

* Implement NN architecture to extract GFFs
* Adapt NN architecture
* Test architecture dependence on extracted results
* Understand physical constraints (from LQCD, from EM FFs, from dispersion
relation) and implement them (in the network architecture, in the loss
function)

Jeﬂg-?son Lab
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GPD database

The goal is to fit all existing and future GPDs data.

There is no unified common database storing these data (Partons and Gepard use
ad-hoc DB).

We have started implementing a DB format able to store both experimental data
and LQCD data.

* Involves many people across experiment and LQCD
Based on JSON and planned to be hosted on Github.
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Take-aways

Gravitational Form Factors, which describe mass and force distributions in the nucleon, are now at
the center of the attention.

We are aiming at developing a versatile tool to extract these quantities. It will be based on Neural
Networks and able to handle both experimental data points and input from LQCD.

We are building upon existing tools, aiming to use state-of-the-art widely available libraries.

We aim at providing a tool to test the impact of new data on the extraction of GFFs.

k PVCS observable with pos’utrows
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