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Nonperturbative nature of QCD at small Q
* QCD Coupling constant a; of QCD varies with the energy scale Q
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Rich Landscape of LQCD calculations

Flavor Lattice Average Group (FLAG) reports 1902.08191, 2111.09849, 2411.04268
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Nucleon properties from LQCD correlation functions:

CA(t, ) =" (1) + lel’disc(t, T) — Charges, form factors, moments,

PDFs and GPDs
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Remove Excited State (ES) effects from Nucleon Matrix Element

e Calculate nucleon 3-point correlation function C(t,7) = (NP(7)O(t)NP(0)) — then decompose
into Form Factors

* Nucleon signal/noise decays « e~ (E~15Mm)T \yith Euclidean time 7. Cannot go to large T

Created Excited states Nm, Nmm, Nm, Nmr,
must be removed! Np, Np,

. y N*(1440), N*(1440),
But can we identify them?_ N*(1710) N*(1710).
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Ensembles: Thirteen 2+1 flavor Wilson-clover

(Parameters of ensembles)

* Ensembles generated by the

m-- Jlab/W&M/LANL/MIT collaborations
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Recent Highlights on Nucleon Matrix Element Calculations

t

Ongoing 13-ensemble (Nf=2+1 clover [J.Yoo, J.-H.Ee, S.Park et
al., arXiv:2601.10857]) and 9-ensemble (Nf=2+1+1, HISQ)
calculation involves nucleon three-point lattice correlation
functions as shown above
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Lattice determination of nucleon sigma term (sigma_piN)
has resolved the tension with phenomenological
determinations (blue circles) by revealing large excited state
contamination from nucleon-pion states. Highlighted in FLAG
Review 2024.
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factor (G_A) from two

AR 1 physical pion HISQ
R G e L
S S & e ensembles with highly
061 | improved statistics and
| [S.lP)ark, J.Yoo et al., in preparation] reach |arger Q" 2~0.8.
| v = . .
0.3 1 1 1 | 1 1 1 l 1 1 1 l 1 L 1 I 1 1 1 Comparlson Wlth Other
0.0 0.2 0.4 0.6 0.8 1.0 | tti d t . ti
Q?[GeV?) attice determinations
included.
1% [S.Park, J.Yoo et al., in5 %reparation]
1N al27m285 1 a073m270 1or il ' " al27m285 o1 a073m270 1o ]
il a094m270 a072m220 = | :"i a094m270 a072m?220 = ]
08 a094m?270L a071m170 sk 4 4.0 3 a094m270L a071m170 vk
07 E a093m?220 v&+ a056m280 - 3 e 1 a093m?220 &4 a056m280 -
i a093m220X A+ a056m220 Bé i ‘ a093m220X A+ a056m220 e |
0.6 F a091m170 w1 Kelly, 2004 -3 & 30 a091ml170 s+ Kelly, 2004 ---- ]
05EF a091m170L e 3 = : ", 32091m170L re ]
04 F ; i & 20¢ ]
03F 3 [
3 & 3 i a@- ]
0% ERevs Yo el Of ., vz ]
L E{4 7r, 3* "'--'- : 4 71" 3* 1
00{|}|||||- 0.0 {|}|||| [
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0:2 0.4 0.6 0.8 1 1.2 1.4
Q@*/My; Q*/My;

Preliminary results on the nucleon electric (G_E) and magnetic (G_M)
form factors from 12 Nf=2+1 clover ensembles. With highly improved
statistics, these results show excellent agreement with experimental data
(Kelly, 2004) representing significant advancement over all previous
lattice calculations



Beyond the nucleon form factor: i S R
Parton Distribution Function (PDF)
Generalized Parton Distribution (GPD)

A Y y 5& -
y 52, ~1Q T " - ®
“ &% - PR
r\ g P | . B ‘
b 4 »1 / e

P B p ) 0 F(x.r)
‘! GPD: 3d tomographic image

pr,)
orm Eactor of the nucleon
- ”Main Goal of EIC”
.
\A
0 rJ_ 5
(' ~ .
r x “ Higher Q2

Elastic scattering =—————p  Deep Inelastic Scattering (DIS) in EIC ¢



V underway and showing
successful progress
Moments and Beyond

Will contribute to the global fits of GPD and PDF

G PD * 1t moments = Form Factors\/

f(x, 7:1) e 2"d moments = Generalized Form Factors\/

PDF | 1t moments=charges </

(%)  2"d moments = momentum fraction, helicity & \/
transversity moments

Direct calculation using LQCD is challenging - LaMET method
However, the observable is essentially a nucleon matrix element of a bi-local operator,

and our expertise and techniques can be naturally applied! .



Precision Nucleon Structure While Euclidean LQCD cannot directly access light-cone observables, our

using Lattice QCD and project bridges this gap using the LaMET framework.

B rge Momentum Effective We aim to establish the Korea-PDF (K-PDF) and K-GPD as the definitive
first-principles benchmark, providing unprecedented precision in

Theory (LaMET) KLASIQ Collaboration decoding the non-perturbative structure of the nucleon
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KLASIQ Collaboration
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Problems with data

* Continuum extrapolation with several lattice spacings

* Pion mass must be physical

* Excited state contamination (becomes a serious problem
for large momentum hadrons)

» Excited suppression goes like

eXp (_ 51"}1,117') oM, = M, — M,

* All these effects conspire to make the first moment

(x,_g4) too large. |
X.Ji, PreWorkshop School, SCET 2026, (Feb 27, 2026)



Thank you.
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