Parton physics from a heavy-quark
operator product expansion

Dynamical lattice QCD calculation of moments of the pion
and kaon light-cone distribution amplitudes

Speaker: Alex Chang (FEEEM)

National Yang Ming Chiao Tung University

2026/04/22
53 BE 32 K ¥ B W 9% IEIQPE
N Y C U Institute of Physics COLLABORATION




HOPLE

COLLABORATION

)
-
=4
Alex Chang | William Detmold Anthony Grebe Issaku Kanamori
(NYCU) (MIT) (UMD) (RIKEN RCCS)

=

Csl. David Lin Robert Perry Yong Zhao Matias |. Gutierrez E.
(NYCU) (MIT) (Argonne Nat’l Lab) (MIT)




€ More than 99% of the visible mass in the Universe
comes from hadrons.

- Hadron mass and structure emerge mainly from
strong-interaction dynamics among quarks and
gluons.

€ The goal of this work is to determine hadron structure
(e.g. the moments of Kaon LCDA) from first-principles
lattice QCD.
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B Model-dependent. We still do not fully understand this!!

B High Q? experimental data is very hard to get.

Theoretically interesting and experimentally
difficult, so nonperturbative theory is essential!!




Kaon Electromagnetic Form Factors
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* Light-Cone Distribution
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Light-Cone Distribution Amplitudes (LCDASs)
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* [y isthe pseudoscalar kaon decay constant and I/ is light-like Wilson line




Light-Cone Distribution Amplitudes (LCDASs)
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[ is the pseudoscalar kaon decay constant and W/ is light-like Wilson line

Direct calculation of light-cone objects is impossible on a Euclidean lattice

Lattice QCD Wick rotation t— —ir = Minkqwski — Euclidean
x Directly light cone, ' o
defined by z2 = 0

There is no notion of a light-cone in Euclidean space.



Light-Cone Distribution Amplitudes (LCDASs)
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Compute Local matrix elements directly

Limitations of Traditional OPE on Lattice:

The lattice regularization H(4) breaks SO(4)

_.

Continuum Lattice

twist = dim — spin

For large Mellin moments (=second moment)
mix with lower dimension operators and the mixing coefficients contain power divergences.

0. = 2 Clatt(a)@latt

-> Traditional OPE infeasible beyond the first few Mellin moments




HOPE Method
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HOPE Method
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—21€ do P (&™) — Mellin moments
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LQCD calculations: QCD perturbation theory: 5= (2 A2
. il . b w=(2q-p)/Q
extract hadronic tensor Fitting One-loop Wilson coefficients
Q* = —q* + mj

W. Detmold and C.-J. D. Lin, (2006), Phys. Rev. D 73, 014501



HOPE Method
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fictitious valence heavy quark
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computed V#Y(p, q) on the lattice.
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HOPE avoids power-divergent lattice operator mixing




I LCDA(x)
Lﬁﬁnﬂﬂ T\ Quasi-DA/LaMET

LCDAs < > Mellin Moments Xiangdong Ji,

_ Phys.Rev.Lett. 110 (2013)
Light-Cone OPE

Pseudo-DA

Anatoly Radyushkin,
Phys.Lett. B767 (2017)

Monéents Mill )
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Gegenbauer Moments Heavy-quark OPE u u PP

Two currents separated by space-like distance

\ W. Detmold and C.-J. D. Lin, (2ooy V. M. Braun and D. Miiller,

Eur. Phys. J. C 55, 349 (2008).

Conformal OPE

@ Reconstructing the full x-dependence is difficult near the end points.

¥ Moments provide observables that do not require reconstructing the
full x--dependence.




Second and Fourth Mellin Moments of the Pion

Our recent computation of the 2nd and 4th Mellin moments in the quenched approximation.

Continuum and Twist-2 Extrapolation
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HOPE Method for Kaon LCDA
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@ Separated by even and odd Mellin moments

e Antisymmetric (g = -q)

1
vE g, p) = (V[P‘ vl(g,p) — VI#Vl(—q, p)) — Even Mellin Moments

* Symmetric (g = —-q)

1
Vo[gdv] (q,p) = (V["‘ vl(q,p) + VI#Vl(—q, p)) — Odd Mellin Moments




HOPE Method for Kaon LCDA
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Fourier transform of HOPE
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Result
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Continuum and Twist-2 Extrapolation
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Continuum and Twist-2 Extrapolation
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Summary
 We use the Heavy-Quark Operator Product Expansion (HOPE) to access
the moments of kaon LCDAs from Lattice QCD calculations.

Second and Fourth Moments of the Pion (quenched)

First, Second and Third Moments of the Kaon (dynamical)

Future Work

* Incorporate more lattice data (different heavy quark
mass) to improve Continuum and Twist-2 Extrapolation
and Chiral extrapolation.






Effect of Moments on the Shape of the LCDA
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HOPE Method

3pt-function
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Beyond leading logarithm, the conformal symmetry is broken, so the Gegenbauer moments start to mix.



