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€ Transversity PDFs
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@ Transversity distribution
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@ Lattice setup

e 64° X 64, a=0.076 fm

e 2+1f HISQ gauge ensembles

o Clover-fermion, m_= 140 MeV @‘@
* 1-HYP smearing for Wilson line

* 4 momentum from O to 1.52 GeV

Foo
using boosted smearing R(t.,7) = (N(t) O1(z, TIN(0))

(N(t)N(0))
% KB (z, P)




& Parton distribution functions

X. Ji, PRL 2013
X. Ji, et al, RevModPhys 2021

e Quasi-PDF, Large-Momentum Effective Theory

~ d/ —ixA7, R
g(x, P, 1) = 2_];6 h“(x,z, P, u)

g(x u)‘Jﬁc_l = )G, P+ 0 Agen _ Ngen
’ y y yP, o x2P2 " (1 — x)2P2

e Pscudo-PDF, Short Distance Factorization

A. Radyushkin, PRD 100 (2019)
A. Radyushkin, Int.J.Mod.Phys.A 2020




@ Bare matrix elements
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€ Ratio-scheme renormalization

X. Ji, J. H. Zhang and Y. Zhao, PRL120 (2018)
J. Green, K. Jansen and F. Steffens, PRL121 (2018)
T. Ishikawa, et al, PRD 96 (2017)

hB — e—émzz(a)hR

e Ratio scheme renormalization A. V. Radyushkin, PRD 2017

K. Orginos, et al, PRD 96, 2017
B R B. Jod, et al, PRL125, 2020
h”(z, Pza a) h™(z, Pza 1) X. Gao, et al, PRD 102, 2020

/A e P . PO — — Z. Fan, et al, PRD 102, 2020
( Z z) hB(Z, PQ, a) hR(Z, PQ,//t)

e RG invariant double ratio.

B B 0 R R 0
PP = (h (z,PZ)> (h (O,PZ)> _ (h (z,PZ)) (h (O,PZ)>
hB(z, PY) ) \ hB(0,P.) hR(z, PY) | \ hR(0,P.)
e The twist-2 OPE formula.

o (—jzP)" Cn(zz,uz) (x") » Real part: even moments.
M2, PL0) = ) ——

n=0

n!  Cyz2u? g; » Imaginary part: odd moments.



& 1. Mellin moments
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& 1. Mellin moments
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€@ 2. Transversity PDFs from model reconstruction

Leading twist factorizaiton:
1

|
h"(z, P,, 1) =J da‘g(a,//tzzz)[ dye™"q(y, w)+0(z"Ajep)
—1 —1

Model
g(x) = Ax*(1 — x’(1 + subleading terms)

Deep neural network (DNN)

g(x; a, f,0) = Ax*(1 — x){1 + e(x) - sin[ fynn(x; 0)]}

BNL-ANL, Phys.Rev.D 107 (2023) 7, 074509



€ 2. Transversity PDF from model reconstruction

Hidden layers

Input layer Ouput layer

Hidden layer: [Linear transformation: = bl.(l) + W/'l§.l)aj(l_1)
J
Activation: output & = 60 (z") = O(=2)(e* — 1) + 0(2)z
"

L oss function: J

1
5@(19, W)- 0+ 5)(2(@, a, p)
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€@ 2. Transversity PDF from model reconstruction
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Anti-quark distributions are negligible.



€ 2. Transversity PDF from

q" U x)/ gt

qu+d(x)/g%+d

model reconstruction
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(16, H_ybrid renormalization
he = e " Z(a)h"

Hybrid scheme renormalization

o Short distance z € [0,z.], z, <K AQCD: o Long distance z € [z, + o0]:
B B
LR _ h”(z,P,, a) LR _ ol h"(z, P,, a)
hB(z,0,a) h®(z,,0,a)

om' = om+m;,  Renormalon ambiguity

h’(z,p, = 0)

hB(Z _ O) _ Z(a)e—émze—mozc (Z2 2) _ e—émae_moa CO(ZZ/AZ)
T e K W —ap.=0) Col(z — )



(17, H_ybrid renormalization
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@ 3. Transversity quasi-PDF
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Summary

Bare transversity matrix elements of iso-vector and iso-scalar.
e The first few Mellin moments, ratio-scheme.
e Reconstruct the PDF using DNN, ratio-scheme.

e Quasi-PDF, hybrid-scheme.
The NLO+LRR+RG matching in on going.

Thanks for your attention!
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@ Transversity PDF from model reconstruction

& (—izP)" C (z%u?) (2

M(A, 72, P.0) =
Z ,E) n!  Cyz°p®) gr

Real part:
g~ (x) = q(x) — ¢(x)
Imaginary part:

gt (x) = q(x) + q*(x)

The difference:

gt (x) — g~ (x) = 2¢%(x)

4-

0=0.1,u-d,g )
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@ Anti-quark distribution negligible.



@ LaMET factorization and hybrid renormalization

gx, P, pu) = szeixp ZhR(x, z, P_,u)

d(x u)‘Jﬂc_l L gy, g+ 0 ( D, Do
| y y yP, ) 2Pz (1 - x)%P;




