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Ensemble Size g a[fm] m;[MeV] m;L Neons

Coarse  48* 3.31 0.0804(13) 136(2) 3.9 212
Fine 64* 3.5 0.0613(6) 133(1) 4.0 442
Ensemble T/a px[27/1]
Coarse 3,4,5,6,7,8,10,12 0,-2
Fine 10, 13,16 0, —1

m Tree-level Symanzik-improved gauge action
m 2+1 flavour tree-level improved Wilson Clover fermions

m 2-level HEX smearing

[Durr et al., 2011] [Hasan et al., 2019]
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m Forward matrix element of local leading twist operator

X _ =X =
0" =al,Dya

m Moments of parton distribution function

m Renormalization

(N(P)IOX|N(P)) = (), ip,a

(x)

ren
o = 20701

[Martinelli and Sachrajda, 1989] [Gockeler et al., 1996]
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Unpolarized (x)

q+q
Momy = W (5)
m Polarized (X) pq_ a7
Mo—w = W75 (6)
m Transversity (X) s, 3
My = % [y Yol (7)
m (Finite) momentum
p = (px,0,0) (8)
m Irreducible representations Téb) of H(4)

[Gockeler et al., 1996] [Bali et al., 2019] [Alexandrou et al., 2020] [Mondal et al., 2021]
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N(P)|O¥IN(P)) = _

lim

—T,7—

= li
o) R(T’ T) ’T—T!T—}OO Czpt(T)
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R(T,7) = (N(P)|O*IN(P)) + O(e™™) (10)
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R(T,7) = (N(P)|O*IN(P)) + O(e™™) (10)

1+ e 22E cosh [(T/2 — 7) AE] + coe~TAE
1+ C3e_TAE

= (N(P)IOIN(P)) +O(e‘AE') (1)

AE=E—E
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TfTskip

S(T,75ip) = Y R(T,7) = (N(P)OXIN(P)) (T — 7aiip) + (12)

T="Tskip

_ S(T +a, Tskip) — S(T, 7_skip)

(N(P)IO¥IN(P)) o

(13)
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Unpolarized (V) Polarized (A) Transversity (T)

030
0.4
05
03
o4 t  Final Estimate
02 b t®r,,. Estimate
0.3 0.1
3
~ 02 0.0
0.05 -
-0.1
0.00 01
-0.2
-0.05
3 5 7 ] 3 5 7 9 3 5 7 s
030
0.4
0.25 0.5
03
0.20 0.4
02
g 015
55 03 0.1
X o0
o ; [qu | oo
0.05 : [ |
-0.1
0.00 01
-0.2
-0.05
10 12 10 12 10 12
T'la T'la T'la ‘ J L‘, L|CH
Member of the Helmholtz Association 30. March 2023 Slide 13 J Forschungszentrum



) Hadrons (P’)

Nucleon (P)

MOMENTS OF PDFS FROM LATTICE QCD AT THE PHYSICAL POINT

Marcel Rodekamp, Michael Engelhardt, Jeremy Green, Stefan Krieg, Stefan Meinel, John Negele,

Andrew Pochinsky, Sergey Syritsyn

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association



Correlation Functions

Capt(T, 7) _/d3xd3ye ipX—i( P)VTr{ < T)O* (0, o)>} (15)
Copt(T, 7) = / d3xe—iﬁfTr{rpo, <X(* T)%(0, 0)>} (16)
Xa = €%€U] ,CYsP-y dp lica (17)

. Py =1/2(14 )
m Smeared quark fields g
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Analysis Algorithm

Estimate ratios R(T, 7)

Estimate sum ratios S(T, 7sip)

Extract matrix elements (N(P)|O*|N(P))
m Fit S(T, Tekip) = Mlrs1 - (T — Tekip) + €

. . . S(T - )—S(T— .
= Finite difference % H“Ek"f,z,a(z G2, Tsdp) _ M|r—p

Obtain moments

(b)
MFFD,, 2
E T'>Tplateau i T// M

ren _ 2 :
1/ 52
( ZT/>Tplateau /UM

Ta 7

u Tplateau = miny/ {\/ syst + Z JM stat}
methods, Téb) P
| U |T/

_ 1 Nbst
syst ™ Z RMSmethods,Téb),P {Zfréb) <X>k



Operators

Unpolarized (V) Polarized (A) Transversity (T)

n 71(3) " T‘Eé) n 71(8)
"3 [044 - %22:1 Ouu} . % [213 + ('(;31] : gz: - giii
m = [Os — Oud] = 73 [Os + O] 2 Oy — s
) - 72(3)
| % [014 — 041] 0124 - 0241
Oaz — Oun
Ona — Ora2

O24 + Oz41 — Oup
Oz + Osz1 — Ooa
O21a + Oray — O
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