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Towards hadron tomography
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Towards hadron tomography

o Lattice QCD can provide important complementary information

o — x-dependent partonic structure
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Towards hadron tomography

o Lattice QCD can provide important complementary information
o — x-dependent partonic structure

Example: 1D distributions

du(z, p)—dd(x, p)
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Towards hadron tomography

o Lattice QCD can provide important complementary information
o — moments (traditional approach)

Example: Form factors
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Towards hadron tomography

o Lattice QCD can provide important complementary information
o — moments (traditional approach)

Example: Form factors
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Towards hadron tomography

o Lattice QCD can provide important complementary information
o — moments (from short-distance factorization)

Example: Nucleon quark transversity PDF
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Towards precision calculations of 1D structure

o Theory developments:

~ Unified framework for factorization of all leading-twist parton
distributions Yao, Ji, JHZ, JHEP 23’
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Coordinate space

- Applies to collinear PDFs, DAs, GPDs in appropriate kinematic limits
o Coefficient function in coordinate space is universal

Momentum space
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_ Results are available in a state-of-the-art scheme at NLO for both
nonsinglet and singlet quark combinations and gluons



Towards precision calculations of 1D structure

o Theory developments:

- NNLO results for light meson DAs Ji, Yao, JHZ, arXiv: 2504.09367
e For unpol. quark PDF, see Li et al, PRL 21°, Chen et al, PRL 21°, Cheng et al, 24’
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Towards precision calculations of 1D structure

o Theory developments:
~ NNLO results for light meson DAs Ji, Yao, JHZ, arXiv: 2504.09367

Impact of NNLO matching in pion DA
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NNLO corrections amount to ~ 10-30% of NLO correction
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Complementarity: Moments

- Moments from momentum derivatives based on OPE
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Moments can be extracted order by order, to all orders in principle
Pang, JHZ, Zhao, 2412.19862
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Complementarity: Moments

- Moments from momentum derivatives based on OPE
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Summary

> Lattice QCD can provide complementary information to phenomenological
analyses on hadron structure from 1D to 3D

> For simple 1D quantities such as collinear PDFs and DAs, lattice
calculations have reached a stage where precision control becomes important

~ unpol. isovector quark PDF@NNLO complete + N°LO (in coord. space)
> Light meson DA@NNLO complete
- GPDs@NNLO (coord. space complete, mom. space underway)

~ Complementarity:
> LaMET yields reliable predictions in the moderate X region

o Moments from momentum derivatives of short-distance correlations

> A lot more to explore ...



