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Motivation

= Form factor: the Fourier transform of electromagnetic current distribution in space
- The hadron structure

- The interplay between the emergent hadron mass (EHM) & the Higgs-mass mechanism

- FF + PDF -> GPD, three-dimensional image of the hadron

- Nucleon & Pion & Kaon

= Kaon:
* Amendolia K+e elastics = JLab 6 GeV (E93-018, Fpi-2)

Dally K+e elastics ® JLab6 GeV (E93-018) . - Experiment: JLab, EIC, EicC ...
— PS

- Effective theories: QCD sum rules, DSE ...

- Lattice QCD: from first principle

Q*Fx(Q?)(GeV?)

O State-of-the-art: 0> < 3 GeV-

O This work: 02 up to 28 GeV”




Lattice setup:

e Lattice size: NS3 X N, = 64> X 64, lattice spacing: a = 0.076,0.04 fm
» Sea quark: Highly Improved Staggered Quark (HISQ) action

Valence quark: Wilson-Clover action

= m_. = 140 MeV, my. = 497 MeV at the physical point

* Use boost smearing with the corresponding signs of the quark momenta at

source & sink to improve the signal

= The wide range of 02 is 0~28 GeV~



Compute form factor on the Lattice

Construct a hadron state: C,, (7, ) = (H(t,, p)H(0,7)) S‘(’(’;’;‘; ;in% |

Insert an electromagnetic current

O(t, q) to probe the hadron 6(z. 7)
C3 I(Ta L ?ia ?f) — <H(ts’ ?f)@ ﬂ(T, 7)HT(O,?Z)> SOUI'C? sink
p ' 0,7") .. 7)

Extract the bare form factor:

B —f) A ., i Renormalization
FB = <EO, P16,z 7) | Ey, P >

Form factor: F(Q*) = F’ x Z,
with Q% = — g*

frOm ~ C3pt / CZPZ



1. Construct the hadron state ¢, ,
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2. Extract the bare form factor
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2. Extract the bare form factor
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- Use the values of energy £, and amplitude A, extracted from C,
- Perform a 4-parameter fit to the ratio R’ to extract F”
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3. Renormalization

All results of bare form factor

@ 1 a =0.076 fm . .
1.0F Bl ¢=004fm -  [© decreases as (- increases
0.8}
e Renormalization:
m i ]
7, O F=FBx2Z,
oab B

Z7! = <0\ @\0) = 1.048, 1.024

0.2 extracted in our previous work of pion

. 2102.06047
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Results

Our results are the first Lattice QCD prediction of the kaon form factor at 0 > 3 GeV?
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Summary

« We study the K" electromagnetic form factor at the physical point from the first principle

using Lattice QCD

* We use improved boost smearing at the source & sink time position to achieve good signals

with large O up to 28 GeV?

* QOur results of the QzFK+ increase at lower Q% and then show a flat and decreased tend at

higher Q?
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Backup
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