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® On the lattice, calculate spatial correlation in coordinate space

»For polarized gluon PDF: X. Ji [PRL 2013]

P

MMCX;AB (Zap) — <p7 S‘ G/wé(z) W[Zv O] ékﬁ(o) |p> 3>

® Appropriate combination for this LQCD calculation

]\/\J/OO(z,pz) — []/\\jtz';tz’(zapz) + ]\Zj;ij (z,p,)] (Z,] — 1, y) Balitsky et al [JHEP 2022]
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® Multiplicative renormalizability

/hang, et al [PRL 2019], Li, et al [PRL 2019]

» Renormalization:

~ .[MOO(Zvpz)/ppo]/ZL(Z/aL)

M(z,p.) =1 i Ey
00 <Z7 Pz = )/mp “‘Pseudo-PDF" - Radyushkin [PRD 2017]
Balitsky et al [JHEP 2022]
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Lattice Light-cone Gluon helicity
distribution distribution distribution

Ioffe time, v = p,z (convention from Braun, et al [PRD 1995] ) 14
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® What we want is the light-cone Ioffe-time distribution:

~~

T,(v) =i MDD (1) — vM,p(v)

o0 1
» Gluon helicity: AG(p°) :/O dv I, (v, p*) :/O dz Ag(z, u*) Braun, et al [PRD 1995]

® What we get from the lattice calculation:

P

M(v, 22) = [M) (1, 2%) — (1 + m2/p?) v Moy (v, 22)]

771;2

:Mg;>(V, Zz) o V//\\/l/pp(yv Z2> pzp V'//\\/l/pp(% 22)
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Lattice QCD calculation

® l.attice details:

» L xT =232° x 64 a ~ 0.094 fm m.,. = 358MeV
® Nucleon correlation function using Distillation Peardon, et al [PRD 2009]
® Gluonic operator using Wilson flow Luscher, JHEP 2010

® Solutions of summed generalized eigenvalue problem (sGEVP)
for estimators of matrix elements

Bulava, et al, JHEP 2012

» Cexp(—AFEt/2) (GEVP)
» Diexp(—AFEt) (sGEVP)

® Similar numerical techniques as in | e Ul R SR Al

P Also see, C. Egerer’s talk today]
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® Contamination term present in LQCD matrix element dominates

P

M(v, 22) = (M (v, 22) — (1 + m2[p2 )My (v, 2%)]
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® Correction through fits using moments

://\/l\/g;r) (v, 22) — V//\\/l/pp(y, 22)
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@® Correction by subtracting zero momentum matrix elements

MOi;Oi(Zapz) + Mz’j;ij(zapz)

@® Proposed subtraction :

N

Msub(zapz)

— _2}72;]?()./\/1 M(H) (
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= /T/l/g;;)(u, 22) — VMvpp(u, 22)

2) T 2p82.//\\/l/pp(u, 22)
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@ Sign of gluon helicity distribution is unsettled from global analyses of experimental data

/hao, Sato, Melnitchouk
[PRD 2022]
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® Lattice data in a limited range of 1V

® Available lattice data is sensitive up to first few moments
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® Asymptotic form: M(w,n?) =4[ (Crla,4+ B w)

+vCr(a+1/2,44 6; w) + 6 Crla+ 1,4+ ; w) )
+(B—=B+2)]+B[B—=B8+1]+0(1/u" R PHD 2021
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® Need two calculations to properly constrain xAg(z) from LQCD :

® 1L.QCD determination of gluon spin from local matrix element:
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Ji, Zhang, Zhao [PRL 2013]

RSS, Glatzmaier, Yang, Liu, et al

® After 1-loop matching PoS LATTICE(2014)
5 5 Yang, RSS, et al (PRL 2017)
AG (1 = 10GeV?) = 0.251(47)(16)
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A always limited to T € |Tmin, 1]

Kovchegov, et al [JHEP 2018]

® Combine AG and fp(u) to determine

' 1
~ ? . . |
S : — _ —ixVv : Impact of projected EIC data
Recall: Z,(v) 5 / 1 dx e r Ag(x) . o ofprojecied FIC
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Constraints from LQCD
& theory of small-x needed

Ag(z, ;n*) from LQCD

13/14



® First LOQCD determination of polarized gluon Ioffe-time distribution

® Future calculation:

P With precise LQCD matrix elements, perform pQCD matching to obtain
light-cone Ioffe-time distribution

P Consider mixing with singlet quark distribution

® Goal: determination of gluon contribution to proton spin
& x-dependent helicity distribution from LQCD

Thank you! 414



