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Welcome to PDFLattice2024

First of all, THANK YOU

Thanks to Kimberly Sawyer and to David Dean
Thanks to the Organising Committee, to Jianwei and Thia, and to the Key Speakers

Thanks to all the speakers, poster presenters, and participants

Agenda and Logistics

A mixture of longer introductory/review talks and shorter focused talks
Ample time for discussions, as is customary with the PDFLattice workshop
Two sessions on Wednesday will be dedicated to discuss the White Paper

Take a moment to look at the Indico agenda [iny]

Do not be afraid of asking questions and engaging in the discussions
Wednesday is a working day! We expect all participants to contribute!
Today, 3.50pm: Group Photo
Today, 6-8.30pm: Reception and Poster Session
Wednesday 4pm: JLab Theory Colloquium

Code of Conduct

Please take a moment to look at the dedicated Indico web page [in4]
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https://indico.cern.ch/event/1434067/timetable
https://indico.cern.ch/event/1434067/page/35761-code-of-conduct

Three editions of the PDFLattice workshop
@ 2017: Balliol College, Oxford, 22-24 March 2017 | ]
FOCUS: the collinear structure of the proton

Parton Distributions and Lamce Calculatlons in the LHC era (PDFLamce 2017)

@ 2019: Kellogg Biological Station, Hickory Corners, 25-27 September |
FOCUS: towards the three-dimensional structure of the proton

W. K. Kellogg \ =
- / ‘ . ol
;‘& Biological Station X A
MICHIGAN STATE UNIVERSITY = F==a\\\
Parton Distributions and Lattice Calculations (PDFLattice 2019)

© 2024: JLab Theory Center, 18-20 November 2024 | 1

FOCUS: uncertainty quantification in parton distribution determination

Jeffersen Lab .

% Thomas Jeﬂerson National Accelerator ﬁc:hty

Parton D|str|but|ons and Latt|ce Calculations (PDFLattlce 2024)
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https://confs.physics.ox.ac.uk/PDFlattice2017/index.asp
https://indico.cern.ch/event/804857/registrations/participants
https://indico.cern.ch/event/1434067/
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Two White Papers

Contentslsts available t Scienceiroct

Progress in Particle and Nuclear Physics
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Parton distributions and lattice QCD calculations: »m
A community white paper |y
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[Prog.Part.Nucl.Phys. 100 (2018) 107]
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Collectively, more than 450 citations on iINSPIRE HEP as of today




PDF determination in global QCD analyses
Inverse problem

Given a set of data D, determine p(f|D) in the space of functions f : [0,1] = R

Solution: parametric regression

Approximate p(f|D) with its projection in the space of parameters p(6|D)
wfi(w, Q5) = Ag; afi (1 — 2)"i F(x,{cp,})
Determine p(6|D) x p(D|0)p(0) as MAP 6* = arg maxg p(6|D)

Naat

-1
X = Z (T3]0 (cov )Zj[j—} [6] — D]
Use a prescription to compute expectation values and uncertainties of observables

(0] = / DIP(ID)O(S)  VIO] = / DFP(fID)O(f) — EO]?

Monte Carlo: P(f|D) — {fx} Maximum likelihood: P(f|D) — fo
E[0] ~ NZk O(fx) E[0] = O(fo)
VIOl = + >, 10(fx) — E[O]]? V[0] = Hessian, Ax?envelope, . . .
[ ]
Uncertainties come from data, theory, and methodology J
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PDF determination from Lattice QCD

Hadronic tensor [PRL72(1994) 1790] Quasi-PDFs (LaMET) [PRL110(2013)262002]

Auxiliary scalar quarks [PLE441(1998)371] Good Cross Sections [PRL 120 (2018) 022003]

Ficticious heavy quark [PRD 73(2006)014501] Compton Amplitudes [Pri118(2017)242001]
Higher moments [PrD 86 (2012) 054505) Pseudo-PDFs [PrD 96 (2017) 034025]

Renormalizable and factorizable
Matrix Elements of hadron at large momentum Physically thick
Wilson-line

Current-current
4pt functions

.
dy

j Ty Ot/ Pos s 100

B

(perturbative matching)

PDF
fi(x’/“)

[Figure by Nikhil Karthik, PDFLattice2019; for details, see e.g. Adv.High Energy Phys. 2019 (2019) 3036904]

Each strategy is associated to systematic uncertainties and theoretical challenges
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Connecting two facets of the same world

BENCHMARK

APPRAISING LATTICE QCD l

Global QCD analyses Lattice QCD
PDF fits moments/quasi-PDFs

ExproiTiNnGg LaTTICE QCD |

INPUT

What we have learnt so far

Define a mutually agreed conventional notation
for relevant PDF-related quantities, such as PDF moments
Assess the sources of systematic uncertainties in lattice-QCD calculations

Identify a best-set of quantities
to benchmark lattice-QCD calculations against global-fit determinations

Set precision targets for lattice-QCD calculations
with respect to global-fit determinations

Assess the impact of lattice-QCD calculations
on global-fit determinations within their current/projected precision
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Appraising Lattice QCD: benchmark of PDF moments
From PDFLattice2019
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Appraising Lattice QCD: benchmark of PDFs

From PDFLattice2019
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Exploiting Lattice QCD: impact of moments
From PDFLattice2017
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Exploiting Lattice QCD: impact of x-space PDFs
From PDFLattice2017
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A plethora of papers since PDFLattice2019

PHYSICAL REVIEW LETTERS 120, 152502 (2018)
BHEP S

First Monte Carlo Global Analysis of Nucleon Transversity with Lattice QCD Constraints

N. Sato," and H. Shows III° Parton distributions from lattice data:
the nonsinglet case

H.-W. Lin," W. Melnitchouk.” A. Prokudi

(Jefferson Lab Angular Momentum (JAM) Collaboration)

"Michigan State University, East Lansing, Michigan 48824, USA Keapezso Cichy® L) Dol Dobblc o T p—
“Jefferson Lab, Newport News. Virginia 23606, USA et ot L D) DA and T oot
*Penn State Berks, Reading, Pennsylvania 19610, USA

_“University of Connecticut, Storrs, Connecticut 06269, USA o ™ G L f

SLouisiana State University, Baton Rouge, Louisiana 70803, USA e o §

®| (Received 27 October 2017: published 11 April 2018)

PHYSICAL REVIEW D 109, 036031 (2024) Acv

Gluon helicity from global analysis of experimental data

and lattice QCD Toffe time distributions Notes on lattice observables for parton distributions:

nongauge theories

J. Karpie®,' R-M. Whitehill®,* W. Melnitchouk®,' C. Monahan®,"” K. Orginos,'
J-W. Qiu®,"* D.G. Richards,' N. Sato," and S. Zafeiropoulos®*

(Jefferson Lab Angular Momentum and HadStruc Collaborations) Ll Dol Deblio” Tommass Glont and Chrstophier 4 Menabart

o L, Newpun News, Vi 23606, 51 B&ER o o Bren

“Deparment of Physics, Old Dominion University, Norolk, Virginia 23529, USA
*Department of Physics, William & Mary, Williamsburg, Virginia 23185, USA
“Aix Marseille Univ, Université de Toulon, CNRS, CPT, Marseille, France

PHYSICAL REVIEW D 107, 076018 (2023) Neural. k analysis of Parton Distribution

Functions from loffe-time pseudodistributions

Impact of lattice strangeness asymmetry data
in the CTEQ-TEA global analysis Luigi Del Debbio.* Tommaso Giani” Joseph Karpie.” Kostas Orginos.
Anaoly Radyushiin and Soveas Zafetopouios”

The Uniersity of Edinbrs,

28

Tie-Jiun Hou,"” Huey-Wen Lin.**" Mengshi Yan,"* and C.-P. Yuan’
School of Nuclear Science and Technology. University of South China, Hengyang, Hunan 421001, China
*Department of Physics and Astronomy. Michigan State University, East Lansing, Michigan 48524, USA
pariment of Computational Mathematics, Science and Engineering,
higan State University, East Lansing, Michigan 48824, USA
*Department of Physics and State Key Laboratory of Nuclear Physics and Technology,
Peking University. Beijing 100871, China

® (Received 14 December 2022; accepted 4 April 2023; published 21 April 2023)
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What is this workshop about?

The focus of this workshop is on Uncertainty Quantification

A list of Key Questions is attached to the Indico page of the workshop

Accessing PDFs: global analyses and lattice computations

— How does PDF determination work in global analyses and lattice QCD?
Global QCD analyses: inverse problem and objective functions

— How is the inverse problem entailed by PDF determination addresed?
Lattice QCD: considerations on the validity of the perturbative matching
— How is the equivalence between zP, and ¢~ Pt defined?

Setting up a common language: definitions and benchmarks

Combining lattice and experimental data to determine PDFs

© 6 6 o6 o o

Uncertainty quantification and bias/variance trade-off
— How are aleatoric and epistemic uncertainties combined? How is a model chosen?

Emanuele R. Nocera (UNITO) PDFs: data, theory and methodology 18 November 2024

— How to benchmark lattice moments and quasi-/pseudo-PDFs with global analyses?

— What are the efforts/limitations to incorporate lattice data in PDF determinations?
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https://www.dropbox.com/scl/fi/mds3vuvxqhz5w5zg7lkrp/PDFLattice_guidelines_24.pdf?rlkey=wmj7ecrvy3vqm8h81t7f0s7b0&e=2&dl=0

Final remarks (yes, this is the same as the first slide)
Finally, again, THANK YOU

Thanks to Kimberly Sawyer and to David Dean
Thanks to the Organising Committee, to Jianwei and Thia, and to the Key Speakers

Thanks to all the speakers, poster presenters, and participants

Agenda and Logistics

A mixture of longer introductory/review talks and shorter focused talks
Ample time for discussions, as is customary with the PDFLattice workshop
Two sessions on Wednesday will be dedicated to discuss the White Paper

Take a moment to look at the Indico agenda [iny]

Do not be afraid of asking questions and engaging in the discussions
Wednesday is a working day! We expect all participants to contribute!
Today, 3.50pm: Group Photo
Today, 6-8.30pm: Reception and Poster Session
Wednesday 4pm: JLab Theory Colloquium

Code of Conduct

Please take a moment to look at the dedicated Indico web page [in4]
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https://indico.cern.ch/event/1434067/timetable
https://indico.cern.ch/event/1434067/page/35761-code-of-conduct

Enjoy PDFLattice2024!

Questions?
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