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Kaon Electromagnetic Form Factors
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Kaon Electromagnetic Form Factors
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QCD Factorization
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LCDA ¢ encoding the non-perturbative
structure of the kaon.
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Outline

® Heavy-Quark Operator Product Expansion
(HOPE Method)
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Light-Cone Distribution Amplitudes (LCDASs)
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* [ isthe pseudoscalar kaon decay constant and W/ is light-like Wilson line




Light-Cone Distribution Amplitudes (LCDASs)

(1+6)p/2 ) +
1+ap/e p (U Bl s W12, =2y (21K )
1-gp2 X T K _ . f dE e~ 502 gy (£, u2)
— -1

[ 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

P Lattice QCD Wick rotation t— —ir = Minkowski — Euclidean
TB x Directly light cone, | | I
u' | defined by z? = 0
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There is no notion of a light-cone in Euclidean space.



Light-Cone Distribution Amplitudes (LCDASs)
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Challenges of Local-Operator OPE on the Lattice

The lattice regularization breaks SO(4) to hyper cubic group H(4)

_.
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* mix with Iower dimension operators

Continuum Lattice * coefficients may contain power divergences
twist = dim — spin Direct calculations become difficult for higher moments.
Recent alternative: gradient flow HOPE— Avoid direct calculation of higher-

spin local-operator matrix elements
W. Detmold and C.-J. D. Lin, Phys. Rev. D 73, 014501 (2006)

A. Shindler, Phys. Rev. D 110, L051503 (2024)




HOPE Method

& Hadronic Tensor
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W is the fictitious valence heavy quark

K*(p)

The heavy quark is not a physical quark. It is introduced to provide a controllable hard scale.




HOPE Method

& Hadronic Tensor
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Short-distance & heavy scale
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LQCD calculations: QCD perturbation theory: &= (2q-p)/0?
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HOPE Method

3pt-function
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LCDA(x)
\ Quasi-DA / LaMET

Xiangdong Ji,
Phys.Rev.Lett. 110 (2013)

Pseudo-DA

ieher mOmentS Anatoly Radyushkin,
& Phys.Lett. B767 (2017)

LCDAs < > Mellin Moments
Light-Cone OPE

Conformal OPE

Moments

Braun—Miiller approach
Gegenbauer Moments Heavy-quark OPE . o
wo currents separated by space-like distance

k W. Detmold and C.-J. D. Lin, (2ooy V. M. Braun and D. Miller,
Eur. Phys. J. C 55, 349 (2008).

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

€ Moments provide observables that do not require constructing
the full x--dependence.




Effect of Moments on the Shape of the LCDA
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Effect of Moments on the Shape of the LCDA
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HOPE Method for LCDA
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HOPE Method for Kaon LCDA
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HOPE Method for Kaon LCDA
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Fourier transform of HOPE
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Excited state contamination
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Example HOPE Fit
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Example HOPE Fit
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Chiral-Continuum—Heavy-mass Extrapolation
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Even moments allow generic chiral dependence; odd moments are constrained to vanish in the SU(3)-symmetric limit.



[ Kaon Result }
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[ Kaon Result }
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[ Kaon Result }
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[ Pion Result }
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Summary
 We use the Heavy-Quark Operator Product Expansion (HOPE) to access
the moments of pion and kaon LCDAs from Lattice QCD calculations.

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

Second and Fourth Moments of the Pion (dynamical)

Future Work

* Incorporate more lattice data (different heavy quark
mass) to improve Chiral--Continuum--Heavy-Mass
Extrapolation.
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HOPE Method for LCDA
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 The ¢/4 terms reduce to contact-type contributions and do not affect the nonzero-7 matrix
element used for the moment extraction.
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Beyond leading logarithm, the conformal symmetry is broken, so the Gegenbauer moments start to mix.



o High-dimensional operator Q Lower-dimensional operator e Dimensional argument
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hypercubic symmetry, the coefficient is power divergent rather than logarithmic.
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