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Definitions

• Leading twist operators

• Matrix elements

• Connection to GPDs
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• Continuum: Lorentz group SO(1,3)
• Lattice: Hypercubic group H(4)

G. Beccarini et al., NPB 456, 271 (1995)
M. Göckeler et al., PRD 54, 5705 (1996)
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• Continuum: Lorentz group SO(1,3)
• Lattice: Hypercubic group H(4)
• Mixing!
• In general: Avoid repeated indices
• Two derivatives                 

with
• Three derivatives

• Special case: Forward limit
• Leads to boosted frame

G. Beccarini et al., NPB 456, 271 (1995)
M. Göckeler et al., PRD 54, 5705 (1996)

Operator Mixing
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• Ensemble at physical point

C. Alexandrou et al., PRD 98, 054518 (2018)
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• Two- and three-point-functions
• Neglect disconnected
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• Statistics
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• Construct Ratio to extract matrix element
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• Multiplicative renormalization

     non-perturbative renormalization: 
     perturbative renormalization:
     matching at  
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• Forward limit

0.4 0.2 0.0 0.2 0.4
t - ts/2 [fm]

0.06

0.08

0.10

0.12

u
d

A30(0)

0.6 0.8 1.0 1.2
t low
s  [fm]

summation
plateu ts

plateau

0.4 0.2 0.0 0.2 0.4
t - ts/2 [fm]

0.12

0.14

0.16

0.18

0.20

u
+

d

A30(0)

0.6 0.8 1.0 1.2
t low
s  [fm]

summation
plateu ts

plateau

Results – Two-derivative operators
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• Momentum transfer
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• 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
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Results – Three-derivative operators
● Only A40 nonzero
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Comparison with literature
● JAM and NNPDF are 

phenomenological studies

● Gao uses non-local operators

● Taggi is the first direct 
computation third moment
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• Ansatz

PDF reconstruction
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• Ansatz

• Problem with antiquarks

PDF reconstruction
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• Ansatz

• Problem with antiquarks

• Even powers give valence 
distribution

PDF reconstruction
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• Ansatz

• Problem with antiquarks

• Even powers give valence 
distribution
• Odd powers do not

PDF reconstruction
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• Comparison between approaches 
with JAM data
• JAM data:
• Calculate moments 

          ,             ,
and reconstruct PDF: 
• Calculate moments

          ,             ,
and reconstruct PDF:    

JAM, PRD 106, L051502 (2022)

PDF reconstruction
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• Ansatz

• Include JAM data for 
in reconstruction

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

PDF reconstruction
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Conclusions

• Direct calculation of third nucleon moment
• Direct calculation of fourth moment
• Determination of GFFs
• Reconstruction of isovector PDF
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Backup



Results

• Forward limit
• Three derivative operators
• isoscalar
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Results

• Momentum transfer
• Two-derivative operators
• isoscalar
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Results

• Three-derivative operators, isoscalar

0.4 0.2 0.0 0.2 0.4
t - ts/2 [fm]

0.00

0.05

0.10

0.15

u
+

+
d

+

A40

{1234}

0.6 0.8 1.0 1.2
t low
s  [fm]

summation
plateu ts

plateau

0.025

0.050

0.075

0.100

u
+

+
d

+

A40

{44ij} {kkij}

0.02

0.04

0.06

0.08

u
+

+
d

+

A40

{44ij}

Q2=0.10 GeV2

0.4 0.2 0.0 0.2 0.4
t - ts/2 [fm]

0.4

0.2

0.0

0.2

0.4

u
+

+
d

+ A42

{1234}

0.6 0.8 1.0 1.2
t low
s  [fm]

0.1

0.0

0.1

0.2

0.3

u
+

+
d

+

A42

{44ij} {kkij}

0.0

0.5

u
+

+
d

+

A42 {44ij}

Q2=0.10 GeV2


	
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Thank you
	Slide 33
	Slide 34
	Slide 35

