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Introduction on proton spin

Quark helicity in lattice QCD

Aq = (PS|Gys7 - Sq|PS)
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Lattice interpretation of gluon helicity

Gluon helicity in lattice QCD

l de™ _. o+ . N
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Integrating PDF
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AG is difficult to calculate in LQCD because light-cone gauge (L.G.) =% Euclidean space!

LaMET suggests that Coulomb gauge fixing (C.G.) condition become to L.G. when nucleon
to IMF, then AG (E X A )C G =9 with matching for their difference in UV behavior.

Xiangdong Ji et al. 10.1103/PhysRevl ett.111.112002
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Lattice interpretation of gluon helicity Selected as
APS Highlights
Gluon helicity in lattice QCD Yi-Bo Yang et al. 10.1103/PhysRevLett.118.102001
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quark mass and momentum dependence of the gluon spin
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Lattice interpretation of gluon helicity

Potential problems with AG extraction using (f X A oo

1. Renormalization matching using lattice perturbation theory;

2. Poor convergence of matching from gluon spin to gluon helicity (UV cutoff a(z/a)).

Gluon helicity AG from topological current

We propose a scheme that relates AG to local topological current Ké‘ G This scheme

solves all of these problems and doesn’t require perturbative matching.

Topological Current K*(x) = e""Tr[A F,, — 2ig,A A ,A;/3](X)

viipt o

Target Three-PT (PSp.: 7 | K"*|PSpyi 7)c.g. & S"*AG +h.t.

Zhuo-Y1 Pang et al. 10.1007/JHEPO7(2024)222
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Lattice Setup

Zhi-Cheng Hu et al. 10.1103/PhysRevD.109.054507
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Ensemble used for renormalization has same UV properties as ensemble used for
bare matrix element calculations.
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(E x A)B>e with optimization smear methods
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Relationship between B.M.E. ( K"<)Bare;

5HYP+Coulomb gauge fixing
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Renormalization of topological current K*

RI/MOM is non-perturbative renormalization scheme on LQCD.

RI/MOM on lattice  Zhuo-Yi Pang et al. 10.1007/JHEP07(2024)222

<PS‘ {K@P} ‘Ps>tree _ ZR12}1<PS‘K,O‘PS>Iat ZR12}2<PS‘Jp‘P5>1at

Coupled

| PS): Parton state (Gluon or Quark) with momentum and polarization; J” = gysy”q: Axial-vector current operator

OX8 = <g | @‘8>X OX4 = <q| ol q>X Jlat.,g N O, also Kree.q — Jtree.,g — 0

K tree..g Klat q
then ZFII B Klat.g ’ ZFZI == Jlat.q ZFII @(as) X Zﬁl
| tree.,q
725 =0, VA = 7Rl - Zhi-Cheng Hu et al. 10.1103/PhysRevD.109.054507
Jlat.q Zfl = (0.857 under C48P23
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Renormalization of topological current K*

RI/MOM to MS Zhuo-Yi Pang et al. 10.1007/JTHEPQ7(2024)222

R,, = 1: quark helicity is scale independent.
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Preliminary results of A

ZW = R,,Z} contributed by pure gluons is difficult to see signal, so we use CDER
scheme to enhance signal-to-noise ratio. Yi-Bo Yang et al. 10.1103/PhysRevD.98.074506
‘Z—l,M_S(lO.OGeVZ)‘
10 11
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1. Distillation + Momentum smear (for B.M.E.) and CDER (for Renorm.) scheme.

2. After non-perturbative matching, AGczs()’ll%cs}feX ~ 0.15, which accounts for 30 % of

proton spin, which is latest result from scheme designed entirely for LQCD.

Outlook

1. Need to supplement calculation of K&/ jlat-q
2. Continuous extrapolation of gluon helicity need to obtain confident results.

3. More rigorous systematic error analysis Is needed.
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Derivation on RI/MOM helicity renormalization
S,(p) = D, e P (y()p(0))

PS|{K?,J*} | PS)" = Z{,, (PS|KP | PS)™ + Z{{,,,(PS|J?| PS)" -
< > 26 > L2yt (q0g) = ), e PP () O0)F())
K tree..g K tree..q Klat.,q K tree..g b Klat.,q
J¥-8 — 0,also K"™7=0  thenZR' = . 2y = = Z\ « a,Z
Klat..g Jlat..q Jlat..q Klat.,g Jlat..q
tree.,q
Jia-8 — 0, also JU¢8 = () thenZy =0, Z3 =
Jlat..q
o) lat. 2 D lat.
K—1hatg — % where Z, = (S,p*)~"  then K¢ = p{eke)™ — F Im{<A”K A }
Tr[S; 1 (gKg)-S; 1] e (S,) (S,)
Z Klata  Tr[S 1 (gKqg)a-S 1] Kee.g _ o
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All of these 12 Three-PT calculate zZ}!, reduce error to 1/4/12 of each configuration.
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Notes on Z,, Statistical Fluctuations

p*(Im{K"Tr[A,(p)A,(—p)]})

p*=ug.utv#p#+o.p,=p,~0,p,#0

~ pXIm{(K” = (K"))(Tr[A,(P)A,(-P)] = (Tr[A, (DA, (-P)ID})

(

KH)
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Statistical|fluctuation of K* is

- equal to Ojwithin error range.
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P (p?) = Tr[A,(p)A,(—p)]

(Ne — DV

Transverse off-diagonal mode
Tr[Aﬂ(p)Ay(—p)] , so the vacuum
expectation value is originally O.
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Cluster Decomposition Error Reduction
Consider 3PT {Tr[AA]O }(p)

Cut operator @f&‘t)(x) = J d*rO(x + r)

‘r‘<RSO

O(p) = F(0(x)), f(p.Ry) =F(f(x,Ryp)) = F(OR,, — |x]))

F(0H) = 0p) - fip.Ro). O =F'F(0%) = | o

[rl1<Rso

Cut gauge potential A(x) for 3PT
B(x) = A(x)0O,(x) B(-p)=F (Bx))xV, A(p)=F(AW))

g(x, Ry) = ORy — |x|)  {Tr[AA)O} (p) = F{F ' (A(p) - B(=p)) - g(x, Ryy) |
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