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Kaon Electromagnetic Form Factors
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Future measurements

Dyson—Schwinger equation

02 (GeVZ) Marco Carmignotto PhysRevC.97.025204

B Model-dependent. We still do not fully understand this!!

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

ry

so nonperturbative theory is important to know
the Kaon Electromagnetic Form Factors




Kaon Electromagnetic Form Factors
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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)

(1+¢)p/2

P — D Q| l;,«-'1(2)]/{,1 ys Wiz, —z|pg(=2)|K* (p))
e [

1
1-go/2 K = ifipu | dE eTEP T pu(E )
B -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

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

& Hadronic Tensor
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W is the fictitious valence heavy quark

K*(p)




HOPE Method

& Hadronic Tensor
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LQCD calculations: QCD perturbation theory: ~ A2
w=(2q-
extract hadronic tensor One-loop Wilson coefficients (2q-p)/Q

—2 i elvpo 5 . n
vikvl(q,p) = ") szC( (02, 12 mw)<€”>< )

Q* = —q* +mi

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



HOPE Method

& Hadronic Tensor
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) wpo n Fit parameters:

—21€ do P (&™) — Mellin moments
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LQCD calculations: QCD perturbation theory: 5= (2 A2
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extract hadronic tensor Fitting One-loop Wilson coefficients
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W. Detmold and C.-J. D. Lin, (2006), Phys. Rev. D 73, 014501
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® higher-twist effects are suppressed by 1/0™ j




LCDA(x)

Quasi-DA / LaMET
LCDAs < > Mellin Moments Xiangdong Ji,

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

Pseudo-DA
er momentS Anatoly Radyushkin,
Phys.Lett. B767 (2017)

Monéents Ml )
raun— er approac
Gegenbauer Moments Heavy-quark OPE u u PP

Conformal OPE

Two 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 Kaon LCDA

(0e]

—216‘“’”"q Ps ), A a\" &= (2q-p)/0?
vievl(g,p) = & fx z C&/)(Qz»ﬂz»m‘{’)@n) (5) 02 ( qz p)/zQ

n=0

@ Separated by even and odd Mellin moments

e Antisymmetric (g = -q)

1
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* Symmetric (g = —-q)
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HOPE Method for Kaon LCDA

Complex
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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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Bali fixed (£) =0.0315, (£2) = 0.2363; varying (&3)
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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.
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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.
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