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Outline

* Electromagnetic Form Factor (EMFF) of Pion and Kaon
— based on Phys. Rev. Lett. 133, 181902
* Pion Light-cone Generalized Parton Distribution (GPD)

— based on arXiv: 2407.03516



#f Motivation
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#f Motivation
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ff How to get the form factor on the lattice
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#f Bare Form Factor
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fif Electromagnetic Form Factor
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Lattice (BNL21): Gao et al., PRD 104 (2021) 114515
F” collaboration: Huber et al., PRC 78 (2008) 045203

Hard—proceSS kernel DSE (Dyson-Schwinger equation): Yao et al., PLB 855 (2024) 138823

F 2 — d xd (I)>I< 2 T (x 2,2 ,,2 (I) X 2 BSE21 (Bethe-Salpeter equation): Ydrefors et al., PLB 820 (2021) 136494
(Q%) YPHO T (%, y, Q% i ) PX, pip) BSE24: Jia and Cloét, arXiv:2402.00285
Distribution amplitude k; factorization: Cheng, PRD 100 (2019) 013007
pion: Chai et al., EPJC 83 (2023) 556
F(Q* - o) = 8za (Q*)f*/Q% Q°F/f* ~ Constant Kaon: in preparation

T’;; in the collinear factorization: Chen et al., PRL 132 (2024) 201901
DA 1n the collinear factorization: Cloét et al., arXi1v:2407.00206
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#f Motivation
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Form Factor (pion-electron scattering) 1 . o
1D J Generalized Parton Distributions

Parton Distribution Functions (Drell-Yan process)
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! Frame-independent approach

] Calculate in the asymmetric frame
Bhattacharya et al., PRD 106 (2022) 114512 l

Save computational cost

e Lorentz-invariant amplitudes A;’s (frame-independent)
MH*(P™u, z#, A*) = PFA, + m°zHA, + AFA;, PH = (p]’;‘ + p;’)/z, AHF = p]/f — pl{“.

* Lorentz-invariant quasi-GPD ﬁLI
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#f Renormalization & Extrapolation

. Ratio scheme
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fif Light-cone GPDs

" 'This work: NNLO+LRR+RGR
B BNL-ANL21: NNLO, u = 2 GeV
BN JAM21: NLO ]

[—t =0 GeV2] .

» GPDs at —7 = 0 GeV°> — — PDFs
agree well with BNL-ANL21 and JAM21
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Light-cone GPDs
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Ht Light-cone GPDs: i-dependence
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it Impact-parameter-space
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Quarks with higher x are more concentrated

parton distributions (IPDs)
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LC Proton GPDs: Cichy et al., arXi1v:2304.14970
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e Distributions are more concentrated at larger x

* Proton is more broader than pion
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Summary

 Pion and kaon EMFF at the physical point

- —tup to 10 and 28 GeV? for the pion and kaon

- Consistent with the existing experimental and the collinear factorization results
- Serve as benchmark QCD predictions for model-based studies and the future
experimental measurements

 Pion LC GPD in the asymmetric frame

- Hybrid-scheme renormalization
- Matching with NNLO + LRR + RGR

- 1-, x-dependence of the LC GPDs, |IPDs
- Provide a comprehensive three-dimensional imaging of the pion structure

Thanks for your attention!
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Backup
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fif Lattice Setup

e N°XN,= 64X 64

e Pion/Kaon:a=0.076 fm/a=0.04,0.076 fm

e HISQ action + Wilson-Clover action,

at the physical point

Meson a|fm)] ng = (nf,l,nf,z,n{h) n{u np = (np,,np,, np,) Nk, Q*[GeV? (#ex, #sl)
(0,0,2) 1.56
(0, 0, -3) -2 (0.0,3) 2 234 (3, 96)
(0,0.4) 3.12
(2,0,3) 2.58
(0,0,3) 3.90
(0,0.4) 5.20
Pion 0.076 (0, 0, -5) 4 (0,0,5) 4 6.50 (7, 224)
(2,0.4) 5.50
(2,0,5) 6.75
(0,0,5) 7.80
(0, 0, -6) 5 (0,0,6) 5 e (18, 576)
(2,0,5) 8.10
(2,0.6) 9.61
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Take kaon data as an example

fif Extract Energy and Amplitude

Dispersion relation D
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#if Frame-independent approach

N, color ® N flavor ® N. spin &® N, Space X ]Vtime 2 109

Newly proposed: Asymmetric
Bhattacharya, Constantinou et al., PRD 106 (2022)

— only one Q* = — tis useful . One p/ — several Q7 are useful
. Each Q7 requires a seperate calculation
Fix p/, vary O’ in one calc
L f |
Vary 5/ in several calcs L/\///
q\,/

Several 0~

Computational cost &

u
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fif Lattice Setup

* NPXN, =64 %64,  a=0.04fm
» HISQ action + Wilson-Clover action = m® = 0.3 GeV

* Using boost smearing to enhance the signal

 Momentum transfer Qz: 0~ 1.7 GeV?

Frame t,/a n/ = (ni,n.nl) m, P,GeV] n®=(ndn ng, nd ~t[GeV?] #cfgs  (F#ex, #sl)

Breit | 9.12.15.18 (1, 0, 2) 2 0.968 (2, 0, 0) 0.938 115 (1, 32)
9.12.15.18 (0,0,0) 0 0 (0,0,0) 0 314 (3, 96)
9.12.15.18 (0,0,2) 2 0.968 (1,2,0) 0.952 314 (4, 128)

non-Breit — '
9,12,15 (0,0,3) 2 1.453 [(0,0,0), (1,0,0) 0, 0.229, 0.446, 314 (4, 128)

| (1.1.0), (2,0,0) 0.855, 1.048, 1.589] '
(2,1.0), (220)] |9, 0.231, 0.455
- , 0.231, 0.455, .

9,12,15 (0,0,4) 3 1.937 0.887, 1.095, 1.690) 264 (4, 128)




