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Bhattacharya’s Talk

Naive quark Gluonic Transverse motions
model contribution
guark spin gluon spin Guark orbital AM gluon orbital Am
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Jaffe-Manohar sum rule

Nucleon spin can be written with parton distributions localized in coordinate space.
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PD study

The high-dimensional nature of GPD requires composite inputs.

NNPDF3.1 (NNLO) ]
xf(xu?=10 GeV?)

\_/

A.V. Radyushkin, Phys. Lett. B 385 333 (1996)
J. C. Collins eft. al. Phys. Rev. D 56 2982 (1997)

Deeply virtual exclusive processes

g 7

X. Ji, Phys. Rev. D 55, 7114 (1997)

,P'ﬁ
- ﬁ‘}pﬂi

* PNDME19 2+1+1f 0.06fm

* PNDME19 2+1+1f 0.09fm

4 ETMC18 2+1+1f
¥ PACS18 2+1f
® LHPC17 2+1f

Ya,

s '
01 02

'
0.3 0.4 0.5 0.6

Q* (GeV?)

T T T T
* PNDME17 2+1+1f 0.09fm
* PNDME17 2+1+1f 0.06fm

*WH%

¥ PACS18 2+1f

: ® LHPC172+1f
: % g = RQCD18 2f
el | 4 ETMC17 2f
. } * Mainz17 2f

0.2 04 0.6 0.8
? (GeV?)

@
Review in M. Constantinou et. al. Prog. Part. Nucl.
Phys. 121 103908 (2021). And references therein

Nucleon form factors from lattice
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x-dependence from lattice

Parton Distribution Function
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The high-dimensional nature of GPD requires composite inputs.
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_ Global analysis efforts
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We would want: However, the reality is:
* Benchmark; » Degeneracy In flavor space;
= Uncertainty quantification; » Degeneracy in species space;
» Higher-order corrections; * Uncertainties in x-dependence
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Polarized measurements are crucial to separate the CFFs of different species
K. Shiells et. al. THEP 08 048 (2022)
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The problem gets more severe at GPD level — the inverse problem.
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-like region

On the other hand, lattice input can be used to recover the missing x-dependence.
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The parameter table of the GUMP programs:
lime 0 F(x,£,t) = Nz7(1 — z)P

t—0
1-2 parameters for the t-dependence and 1-2 parameters for the skewness.

b > 5 parameters for each GPD with 4 species (H, E, H, E) and 5 flavor (u, 4, d, d, g).
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The parameter t¢  sub-fits X2 Ndata X2 = y2/v
Semi-forward
tPDF H 281.7 217 1.41
tPDF FE 59.7 50 1.36
1-2 parameters f ;ppr i 159.3 206 0.84
{PDF E 63.8 58 1.23
b > 5 parameters f  Off-forward
JLab DVCS 1413.7 926 ~ 1.53
H1 DVCS 19.7 24 ~ (.82
Off-forward total 1433 950 1.53
Total 2042 1481 1.40

2 skewness.

flavor (u, @, d, d, g).

In the LO and LT approximation with 56 parameters totally (18 off-forward) .

| look forward to see the failing of the naive GUMP parameterization.
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al analysis

Experiment Lattice
» PDFs from global analysis  Lattice calculated form factors
- Polarized and unpolarized PDFs from JAM 0.25 e |
} : i » ETMC19 2f
0.20 }’1 +RQCD'18 2f -
+ Charge form factors from global analysis Soas w H % )
- YAHL global analysis of EM form factors { %H H% ]
0.10F } } #} .
- Flavor separation combing proton and neutron data H
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« DVCS cross-section measurements

- Combined data from CLAS and Hall A (UU and LU)

_  Lattice calculated t-dependent PDF at zero skewness
- H1 experiments at HERA
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Summary

R 15t global analysis with DVCS and lattice input.

R The oversimplified ansatz manages to describe the data well.

R More (polarized) experimental/lattice inputs are crucial.

Outlook
v Include gluon distribution (J/psi & others)
v Implementing NLO evolutions.

v Simultaneous quark and gluon extraction.
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