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Hadronic Structure

M = (T%) = (T%) + (1)

1
J=J, 4], = AL+ L+ AG+ L,

I = Z (X);

1
(X} = J dx x f,(x)
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Momentum Fractions

Ne=2+1+1

MSU 2208.00980
ETM 2003.08486

ETM 1611.06901 —t

Ni=2+1

This work

yQCD 2111.09329
MIT 1810.04626
yQCD 1808.08677
yQCD 1805.00531

——
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yQCD 1312.4816 } 1 .

Nf=2

ETMC 1706.02973 — —

Global fits

NNPDF40 nnlo 2109.02653 N

JAM20-SIDIS nlo 2101.04664 |

MSHT20nnlo 2012.04684 N

CT18NNLO 1908.11394 N

NNPDF31 nnlo 1706.00428 N

CJ15nlo 1602.03154 |

MSTW2008nnlo 1007.2624 N
0.2 0.3 0.4 0.5 0.0

Group (a [fm], M, [MeV])
MSU 23 [24] (0.09, 220)
ETMC 20 [22] (0.08, 139)
ETMC 17 [35] (0.08, 370)
| This work (0.09,358)
MIT 24 [36]  (0.09, 170)
¥QCD 21 [23] (0.143, 171)
MIT 19 [37] (0.12, 450)

x QCD 18 [20] (0.11, {135,372})

(0.14, 171)
¥ QCD 18 [21] (0.11, 330)
(0.082, 300)
ETMC 17 [19] (0.09, 130)

xQCD 15 [17] (0.11, {650, 538,478})

QCDSF/UKQCD (0.09, 665-1170)

Gockeler et al. [15] (0.1, 585-993)
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0.43(7)st(5)sy
0.53(23) @

4 The results reported are at a renormalization scale u = 2 GeV except for the indicated entry whichisat u =5 GeV.
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Gluon momentum fraction

Can be extracted from matrix elements of the form

= ()
M(z, P) = Z(z)(P] G(Z)Wﬁz,/O]FG(O) P)

Mi(z, P) = Pl (v, 7% +%\/1 (v, 7

| — e ————

Necessary for reduced Ioffe t|me dlstrlbutlons

= () J[ 0D «
’ %(1/,0) ‘Z=O %(O O) ‘p —0. 7=0 Monahan, Orginos 2014
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- Gluon momentum fraction
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Lattice detaills:

~ =|sotropic

=64 temporal sources

e

=2+1 stout-link (1-iteration) smeared clover Wilson fermions
= Tree-level tadpole improved Symanzik gauge action
=Configurations generated by rational HMC

a (fm)

M_(MeV)

L> XN,
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JLAB/W&M Collaboration t

Computed 2-pt functions and disconnected gluon loops using new
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Gradient-flow

B — B - - _— —_— S — — . —_— — — — = = e S

A (x) — B (T, X) B(O X) = A (x)
B,=D,G,, ., D,=9,+I[B,"]
G/w = aﬂBy — dyBﬂ + [Bﬂ, B |
l . Lischer, Weisz;
‘ Bﬂ(T’ X) — gg {axaﬂ SW (B) } Bﬂ(T’ )C) igllher 2009, 2013,
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Distillation

Low-rank approximation to Jacobi smearing kernel

=V v(t) = A0 v(®), OO =), vev'®
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Peardon, et. I2009
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Summed GEVP

czpt(z) — (0 (t)@ (0)) C2P (1) u, = A (1, 1) C?P (1, )u, ,
,.
—1
CP(1) = Z‘; C.P(1) O(1) |
1= |
l 1
* T 3pt, S —1 3pt, s ’
u' |CPY*(HA7(t) — C°P> ()| u
M, (1) =—0 — | D4 1 )] uiavs ot ;2011
u;z( C2pt(t0)un o
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Bayesian Model-Averaging

pr(M|D) ~ exp | — (Xaue (@) + 2k + 2Ngyy)

Jay, Neil; 2019, 2022. 2023
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Two-point correlation functions
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Effective Matrix Elements Fits

M(f) = A + Bte 'AE
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Gradlent-flow Matchlng
@W(T X)=¢ (T)@’W(X) + .

O"(x) = {5 (2)C O (7, %) + ...
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Summary

 Computed Two-Point Correlators
e Using distillation
 Implemented variational method to extract hadron masses
« Computed Gluon-Loops
« Smoothed configurations with Gradient-Flow
« Combined data to generate Three-Point Correlators
 Used sGEVP to extract three-point correlators
e Extracted gluon momentum fraction from combined data
« Used BAIC method to fit correlator ratios

 Recovered MS-bar results using matching coefficients
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Gluon momentum fraction

Can be extracted from matrix elements of the form

=0
M/ (2 P)=Z()(P|G ﬁ(z)W]rfGﬁ(()) | P)

Mi(z, P) = Pl (v, 7% +%\/1 (v, 7
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Necessary for reduced Ioffe t|me dlstrlbutlons
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Distillation
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Low rank approxmatlon to Jacobl smearlng kernel

— V2 v = 20 vO@),  Oy,0= Z v PT()
k=1
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Peardon, et. al; 2009
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