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Definitions

 Leading twist operators
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Definitions

 Leading twist operators
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Definitions

 Leading twist operators
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e Matrix elements

e Connection to GPDs
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Operator Mixing

e Continuum: Lorentz group SO(1,3)  G. Beccarini ef al., NPB 456, 271 (1995)
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Operator Mixing

e Continuum: Lorentz group SO(1,3)  G. Beccarini ef al., NPB 456, 271 (1995)

* Lattice: Hypercubic group H(4) M. Gockeler et al., PRD 54, 5705 (1996)

* Mixing!

* In general: Avoid repeated indices (N0t} |N(p)) =

» Two derivatives oftuwe} 2y {Ti{q{mmqm press Pt A (g
with u#v+#£p L

* Three derivatives g g g PP PP ig;;izq“ Bri(a®) }
otss ot} OWI} — o) + q{#quﬁ:;q”n}cn,o(qz) neven:|u(p)

* Special case: Forward limit
* Leads to boosted frame
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Methods

* Ensemble at physical point

Ensemble a [fm] (L/a)’ xT/a my, [GeV ] L [fm ]
cB211.072.64 0.0801(4) 64° x 128  0.1393(7) 5.12(3)

C. Alexandrou et al., PRD 98, 054518 (2018) RSB
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Methods

* Two- and three-point-functions
* Neglect disconnected
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Methods

e Statistics
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Nmom ts/a Neont Nsres Nmeas

two derivatives

(1,1,0) 12 8 735 1 8820
(1,1,0) 12 10 735 3 26460
(1,1,0) 12 12 735 9 79380
(1,1,0) 12 14 735 18 158760
three derivatives
(1,1,1) 8 8 735 1 5880
(1,1,1) 8 10 735 3 17640
(1,1,0) 12 14 735 18 158760




Methods

 Construct Ratio to extract matrix element
C‘L‘W(F;ﬁ’,]—j; tsatins) “
C(To;P';ts)
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R“V(F;ﬁlnﬁ; tsatins) =
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Methods

* Multiplicative renormalization
non-perturbative renormalization: RI’-MOM

perturbative renormalization: MS
matchingat & = 2 GeV
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Results - Two-derivative operators

e Forward limit 0124 } summa tion
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0Q2%=0.2237 GeV?

Results - Two-derivative operators

* Momentum transfer
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Results - Two-derivative operators

* Dipole fit
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Results - Three-derivative operators

 Forward limit

* Comparison of different

operators
* Note: y-axis scale
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Results - Three-derivative operators

* Momentum transfer

02=0.10 GeV? 02=0.10 GeV?
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Results - Three-derivative operators

* Only Ay nonzero
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Comparison with literature

v B 4
* JAM and NNPDF are — ;
phenomenological studies N .
JAM, PRD 106, L051502 (2022) o
NNPDE, EPJC 82, 428 (2022) risworcd  fol oo -
* Gao uses non-local operators - H H
X. Gao et al., PRD 107, 074509 (2023)
 Tagqi is the first direct . ” *
computation third moment
This work= (X%)y_ +d. s (), +d,
E. Taggi et al., (2026), 2605.02808
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PDF reconstruction

e Ansatz

q(z) = Nz®(1 — z)P
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PDF reconstruction

* Ansatz
¢(z) = Nz*(1 — x)”
* Problem with antiquarks

(1) = / de 2" [q(z) — (—1)" ()
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PDF reconstruction

e Ansatz

q(z) = Nz®(1 — z)P

* Problem with antiquarks <1>Q— - <1>Q—

<372>q— — <372>q—

(1) = / de 2" [q(z) — (—1)" ()

* Even powers give valence
distribution
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PDF reconstruction

e Ansatz

q(z) = Nz*(1 —z)°

* Problem with antiquarks <1>Q— - <1>Q—
1 2 _ 2
(x" %) :/0 dz 2" Hg(z) — (=1)" " q(2)] (#7)q = ()q-
* Even powers give valence _ _ _
distribution (T)g- = (T)q, — 2{x)q
» Odd powers do not (%) = (2%),, — 2(z");
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PDF reconstruction

 Comparison between approaches  o3s-
with JAM data 0.30 o
 JAM data: u_- —d-_ 0.25
« Calculate moments x 020
(@)q, (@, (2°)e il
and reconstruct PDF: (u —d)? Z::
* Calculate moments —
(@), (@), (%), R

X

and reconstruct PDF: (u — d)®
JAM, PRD 106, 1.051502 (2022)
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PDF reconstruction

I This work

e Ansatz | e JAM
3.0 1 " NNPDF

q(z) = Nz®(1 — z)P

* Include JAM data for (z")g
IN reconstruction

JAM, PRD 106, L051502 (2022)
NNPDF, EPJC 82, 428 (2022)
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Conclusions

* Direct calculation of third nucleon moment
 Direct calculation of fourth moment
 Determination of GFFs

e Reconstruction of isovector PDF
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Backup
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Results
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0Q?=0.2237 GeV?
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Results

* Three-derivative operators, isoscalar

02=0.10 GeV? . Q?=0.10 GeV?
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