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fif Introduction: GPDs

3D
Form Factor (pion-electron scattering) 1 . o
1D J Generalized Parton Distributions

Parton Distribution Functions (Drell-Yan process)
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€ Models

Chavez et al., PRL 128 (2022) 202501
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#f Introduction: Lattice QCD o |1974

& From first principle

» Discretizing Spacetime -> N x N,

» QCD Lagrangian <& -> action &[¢, ¢, U

* Path Integral and Partition Function :
gluon  quark  Kenneth G. Wilson

(6) = j@[m D) DIF) 6 &=

Computational cost

o

9
Neotor @ Npjavor @ Spin & N, space ® Mime 2 107 ® N polarization? N momentums 1V temperature>

Several months ~ years



#if Frame-independent approach

N, color ® N flavor ® N. spin &® N, Space X ]Vtime 2 109

Traditional: Symmetric Newly proposed: Asymmetric
Bhattacharya, Constantinou et al., PRD 106 (2022)

. One p/ — several Q7 are useful
. Each Q7 requires a seperate calculation

Fix p/, vary O’ in one calc
( ——

Vary 5’/ in several calcs L/\y/ |
-_— Computational cost &

Several
‘ -
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fif Frame-independent approach

e Lorentz invariant amplitudes A/’s

1
FHP,z,Q) = 7 (P*A, + m*z'A, + Q*A,), PF = (p} +p12, Q" =pl—pl.
EiES | |

» A (Breit) ~ A(Non — breit)

» Frame-independent GPD H

HPP,z,A) = A, + —=A,




fif Comparison of A. obtained from both frames

mny/
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0.952 GeVz, Non-brelit

0.5} B A, Breit '  Work on the Non-breit frame
o % Ay, Non-breit 1
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#f Bare Matrix elements

» Large momenta: P, = 1.453,1.937 GeV,

* Varying different momentum transfer Q2 = —1
1.0 Iy M Q% =0.000 GeV? ~
I & Q*=0.231 GeV?
08I Wy W ¥ Q*=0.455 GeV? -
T 4 Q*=0.887 GeV?
0.6 “¥_m T 0Q2=1.095 GeV2 -
S 2 = 1.690 GeV? :
£3 $Q ) Quasi-GPDs

[PZ — 1.937 Gev]




fif Renormalization: Hybrid scheme

Jietal.,, NPB 964 (2021) 115311

e RI/MOM, ratio schemes — short distance
* Hybrid scheme — long distance

Logarithmic Handle the renormalon ambiguity
FB3(z,a) = Z(a)e—5m(a)|z|e—n7z0|z|FR(Z) | ,
e Liea( - | J)L

(\
|

Gao et al., PRL 128 (2022) 142003

FR , —>, - FB , —>, -
] 2 Zg: z.p.9) = z.p.9) Ratio scheme

N FR(z,0,0)  FB(z,0,0)

Hybrid scheme, F~ o o
l 7 Z ZS : F (Z9 p9 q) — e(5m+mo)|2—Zg| F (Z, p, Q)

FR(ZSa Oa O) FB(ZSa Oa O) |



it Hybrid-scheme

« aom(a) = 0.1508(12) for a = 0.04 fm lattice.

C,: NLO/NNLO, LRR, RGR

o = 2ke e[z - u =2 GeV

my: F° at P,=0,4=

0;

B 2
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#f Renormalization

. : L0 2 __ 1.580 (3 v2 I Original ]
Lattice artifacts @ © ™

0.8F
0.6 i1

Unphysical oscillations QEL 1

in quasi-GPDs A I
0.2F
0.0 =—========== Ilil ii

' II
Extrapolation PR . i" A 'H I
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fif Extrapolation
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Fourier transform -> Quasi-GPDs

. di .
f(xa ZSa Pza Q2 — = t) — J’_eIX/IFR(/Ia ZSa Pza Q2 — = t)a /1 — ZPZ

AT
6k Q? = 0.000 GeV*? -
Q? = 0.231 GeV?

2 2 - .
82 e e Q% = — tincreases

Q% =1.095 GeV? ~
Q% = 1.690 GeV?

(P, =1.937 GeV| _

Smaller, decay slower




“" Perturbative matching: LaMET

flx, & =0,0% p) = ro ‘dy‘ Cc! (
o |

Ji, PRL 110 (2013) 262002
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2.017

. //INNLO+LRR, =2 GeV
Preliminary = NNLO+LRR+RGR

Q? = 0.000 GeV*
Q2 = 0.231 GeV?
Q% = 0.455 GeV?

Q? = 0.887 GeV*
PEQ? = 1.095 GeV?

Q? = 1.690 GeV?

[PZ — 1.937 Gev)

#f Valence GPDs: Q*(—1)-dependence

Fixed scale & RGR:
- x > 0.3: identity

- ? < x < 0.3: correction

Scale variation (lighter filled bands):

-7<x<0.3
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Hlf Valence GPDs: x-dependence

X INncreases

Declining trend -> stable plateau
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fif Valence GPDs: Order-dependence

3.0 . 1.0 - .
NLO+LRR+RGR NLO+LRR+RGR
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Q2 = — f Increases Order-dependence reduces

NNLO: better perturbative convergence



Summary

» Confirm the frame-independence of the amplitudes A.’s

e Get the quasi-GPDs

- hybrid-scheme renormalization
- NNLO + LRR + RGR

e Get the pion valance GPDs with LaMET
- fixed scale u = 2 GeV & DGLAP evolution

- Q*-, x-, and Order-dependence

Thanks for your attention!
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Backup
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it Amplitude

Non-breit

[ 1 [ [
Fy(z,p, A) = (PiA] + Al A3),

\ EIEf

1
Fi(z,p,A) = (PYA] + AYA3),

\ EIEf

F(z,p,A) =

VEES

|
Fi(z.p, A) = (PSA + mPz5 A, + ALA;) .

\ EIEf

<p§4A1 + AidA3>,

Breit
E'+F
Fl(z,p,A) = A,
2/ E'Ef
Al
. Py — Px
FM(Zapa A) — : A39
\ EIEf
P} =y
F)(z,p,A) = As,
\ EIEf
i pf
Fy (ZapaA): pZ pZ Al
2/ E'Ef
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fit Lattice Setup

e NOXN,=64°%x64, a=0.04fm
» HISQ action + Wilson-Clover action = m® = 0.3 GeV

* Using boost smearing to enhance the signal

 Momentum transfer Qz: 0~ 1.7 GeV?

Frame n,, p-(Gev) [ Mg Nefg * Nerc
Breit (0, 1, 2), L.OR3 | vz, vy Ve (0, -2, 0) 115%32=3680

(0, 0, 0), 0
(0, 0. 1), 0.484 (0. 0, 0). (0, -1, 0)
| o | - | 314%96=30144
Non-breit | (0.0, 2), 0.968 | ~v,.~,.~v | (-1, -1, 0), (0, -2, 0)

(0,0, 3), 1.453 (-1, -2, 0), (-2, -2, 0)

(0, 0, 4), 1.937 564796=>54144




’ﬂF How to ge
get the bare matrix elements from lattic
e

C2pt(ta p) = <H(tsa ﬁ)HT(OJ—?}) >

| P =P+q

C, (21, t;p,p) = < 5
Azt LN = (H(t, POz, . ZJ)HT(O,*Z')> |
[ : ia vH, ot (0,7 (,, _)f)

Insert O(z, g)
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fif Valence GPD: z,-dependence

- NN
NN

LO+

LO+

NN]

1O

LO+LRR+RGR, zg/a = 2
-NLO+LRR+RGR, zs/a =3
-= NLO+LRR+RGR, zs/a = 4
LRR+RGR, zg/a = 2
LRR4+RGR, z5/a =3 7

LRR+RGR, zg/a =4

P, =1.937 GeV, Q* = 0.000 GeV?|

Preliminary
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i Valence GPD: P.-dependence

f(ZC,Zs,P 7:“)

qGPD: Q% = 0.000 GeV?, P, = 1.453 GeV
qGPD: Q% = 0.000 GeV?, P, = 1.937 GeV _
GPD: Q2 = 0.000 GeV?, P, = 1.453 GeV
GPD: Q% = 0.000 GeV?, P, = 1.937 GeV

D
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| NNLO+LRR+RGR |
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Ot
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qGPD: Q? = 0.229 GeV?, P, = 1.453 GeV

Vi

qGPD: Q? = 0.231 GeV?, P, = 1.937 GeV
ENGPD: Q2 = 0.229 GeV?, P. = 1.453 GeV
I IGPD: Q% =0.231 GeV?, P, = 1.937 GeV

| NNLO+LRR+RGR |
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