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Plan of the talk

Timelike electromagnetic form factors of hyperons at large ¢>
Octet baryons (JP = 17): J# = Fyy# + 592 [Dirac/Pauli FF]
Electric and Magnetic FF: G = F} — %FQ, Gy =5+ F

Electromagnetic form factors: q = transfer momentum Q% = —¢°

@ Motivation: Spacelike and Timelike reactions
@ Covariant spectator quark model for the spacelike region (g% < 0)
@ Extension to the timelike region — Effective FF and ratio |G /G /|

G. Ramalho, M.P. Pefia and K. Tsushima, PRD 101, 014014 (2020)
G. Ramalho, PRD 103, 074018 (2021)

G. Ramalho, M.P. Pefia, K. Tsushima and M. K. Cheoun, PLB 858, 139060 (2024)
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Spacelike and timelike reactions

Spacelike (4> < 0) Timelike (42 > 40?)
= e+>\w<<
o TFF

@ Electron-Nucleon scattering @ Annihilation reactions
YN — N, v*N — N* e“et = ~v* = BB

@ Real Amplitudes & Form Factors @ Complex Form Factors

o JLab/CLAS, ... o CLEO, Belle, BES IlI, ...

@ Probe structure of @ Probe structure of hyperons B
Nucleon (elastic) & nucleon and baryons with heavy quarks
excitation (N*) in terms of ¢? in terms of g2

o Explore N* o Explore hyperons
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Motivation — Measurements in the timelike region
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Early measurements
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Integrated cross section: BaBar, CLEO, BES Ill, 7 = ¢

BaBar
BESIII 2021
BESIII 2023 4
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oDox*

Effective FF — Hyperons

Effective FF: |G| = [|Gu|* + 5= |G el?]
Differential cross section: |Gg|, |G|, |GE/G |, BES I

“BESIIE Phys. Rev: Lett. 13, 191901 (2023)

+BESINN 2023 —
<-BESIN2018 -
Threshold

~--Damped o

’ 4.6 47 48
Vs (GeV)

4M?

|Gl |Guml, (IGE/Gal)

Spin polarization (complete measurements): A® (relative angle), BES IlI
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Covariant Spectator Quark Model (CSQM)

@ Covariant Spectator Theory: Baryons = (qqq)
(1 off-shell @ 2 spectator on-shell) Stadler, Gross and Frank,
PRC 56, 2396 (1998); Gross and Agbakpe, PRC 73, 015203 (2006)

@ Reduction of system to quark-diquark configuration
diquark on-shell
Wave functions: SUgp(6) ® O(3) symmetries
Radial w.f. ¥ determined phenomenologically
(momemtum range parameters: 31, B2, B3, ...) P
Gross, GR and Pefia PRC 77, 015202 (2008); PRD 85, 093005 (2012) *

@ Electromagnetic interaction; relativistic impulse r
approximation diquark on-shell k

7 =33 [ W (P 0 Va(P- 1)
T k

< time

@ Constituent quark current j4'(q) (¢ = u,d, s)
Simulate quark dressing (gluons and ¢q effects)
Use Vector Meson Dominance parametrization
GR and MT Pefia, PRD 80, 013008 (2009); J. Phys. G 36, 115011 (2000) P}

@ Phenomenological SU(6) meson cloud — octet baryon
GR, K Tsushima and AW Thomas, JPG 40, 015102 (2013); GR and K
Tsushima, PRD 84, 054014 (2011)
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Hyperon electromagnetic form
factors in the spacelike region

(¢° <0)

GR and K Tsushima, PRD 84, 054014 (2011)
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Octet baryon EM form factors in lattice QCD & physical

@ Step 1:
Calibrate model/lattice QCD ‘ ‘ ‘ ‘ i ‘ ‘ ‘
Quark current fixed (VMD): 1

Fie(Q%may, M) — fi0(Q% miatt, Miatt)
Fit radial wave functions:
YB(Mp) = dp(ME™)

Bare parameters: no meson cloud

contamination (large my ) : ‘ : :

@ Step 2: Bare contribution
extrapolated to m, = mPh

@ Step 3: Include meson cloud
contributions: Physical FF:

Gr=2Zp (G} + G'°]

Model can be used to calculate octet baryon FF in different ranges of ()?
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Hyperons — Magnetic form factors
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Hyperon electromagnetic form

factors in the timelike region
q2 > 4M129

large ¢° regime
Measurements of |G| and |G /G |

PRD 101, 014014 (2020)
PLB 858, 139060 (2024)
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Elastic form factors — Timelike vs Spacelike @Q* = —¢?

. . Kuraev, Dbeyssi, Tomasi-Gustafsson, PLB 712, 240 (2012)
Asymptotic relations between

spacelike (G3%) and the timelike
regions (G} %) ¢ = E, M

Proton form factors G p;, |G /|

IF |

2 o0
Ge(d®) =7 Go(—%)

Phragmén—-Lindelf theorem, Pacetti, Ferroli,

Tomasi-Gustafsson, Phys. Rep. 550—551, 1 (2015), App. D r
107E
There is a gap between F

] —o0,0] and [4M?, +o0| 10—22

Finite corrections (central value): ST A R TR

30 20 -0 0 10 20 3
’[GeV?]

SL TL

GiH(a*) = G (¢* —2M7)
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Elastic form factors — Timelike vs Spacelike Example

Finite corrections to asymptotic result: G'%(¢%) ~ G(¢* — 2M?)
Theoretical bands: Lower limit ¢ — ¢> Upper limit: ¢> — ¢%> — 4M?

0.004—————————————— 10’2?“””““““;
[ i £ 2 NE
;‘\ —— G(q*-4MD)] N —~ G -4M)) ]
_0.003 '\ — G(q" - 2MY)] " 4 — Gl@_ -2M)
AN == 6(@) g1 ‘== G
£ \ £
E- E
[-E @]0-4?
Sl

10770 40 60 80 100
4’ (GeV)

2 A2D ’ 2 2
G(Q%) = (W) . A% =0.71GeV

Theoretical uncertanities became very small at large ¢°
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Timelike form factors — Effective FF |G(q?)|

ete™ — v* — BB - Integrated cross-section

Gr(q?) and G/(¢%) not measured directly

2
1 . — _9q — l ~
Cross section: 7 = N2 5 = 1 g C~1

4o BC 1 912
OBorn = T (1 + 27_> ’G(q )|

_ 27[Gu(@®))* +IGe(d®)

2Y|12
Ga®) —

Calculations (2020): GR, MT Pefia and K Tsushima PRD 101, 014014 (2020)
lgnore imaginary components and relative phases (very large ¢?)

Data: CLEO (¢ = 14, 17 GeV?); New BES Il 2020, 2021, ..., 2025
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Hyperon elastic form factors at large ¢ (e¢te~ — BB)

10°FT T T T 10 T T T 10T T T T
+ Belle 5 * BaBar | o BESIIN 2021
o BESII 2021 , o BESII 2022
10 - BESII 2024" 4 10" +  Belle 1
BESIII 2024 e BESII 2025
= CLEO = o CLEO
10 Zi07p
o o
107 st 3 1077 5
4 , , | 4 , | | 4 , , ,
10 10 20 30 20 10 10 20 30 20 10 10 20 30 kL
10°) T T T 10°) T T T 10°) T T T
i * BaBar N o BESIII 2020 \
o BESII 2021 N o BESIII 2023 AN o BESII2021
10"E o BESIN2023 10 N\ o CLEO E 10'r N ¢ BESIN2024 4
B N
2 S
107 Z10°F
5 A 5
10°F 10°F
4 , , | 4 , , | 4 , , ,
10 10 20 30 0 10 10 20 30 0 10 10 20 30 a4
4 (GeV) ¢ (GeV?) ¢ (GeV?)

New BES Il data: A (2021); =~ (2020, 2023); =1 (2024); =0 (2024); 0 (2025);
Waiting for X~ data; PRL 124, 032002 (2020); PLB 814, 136110 (2021); JHEP 11, 228 (2023);
PRD 109, 034029 (2024); PRD 111, L051502 (2025); CLEO, PRD 96, 092004 (2017)

GR, MT Pefia, K Tsushima and MK Cheoun, PLB 858, 139060 (2024) — Good agreement ¢> > 15 GeV?
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Hyperon ratios |G /Gy

2 : 06 : !
o BESII 2021
of o BESII 2023 ] 25F _ 4
0.4 pia z El
—=1sF . ] - -
<, b2 < Cist E
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0sF 1 ost <o ]
[ S ( . 0 8 -
: 2 : 0.3 :
25F * BaBar 2007 E -
o BESIII 2019, 2022 1.5F = g -0
_of o BESII 2025 E _ _02f = B
= = =
I sk 6,50 ] S b ] <
S5 3 S <
< A I ¢
I g 0.1+ B
0.5F G <0 4 Gg>0
0sF
Gy >0 Gy <0
) \ ;
0 R 0 10 1 100 0 100
P ) 4’ (GeV?) 4 (GeV?)

Model calculations for |Gg|/|G | (real functions) much smaller than data
>+, A: Data from BESIII 2021, 2022, 2023, 2025 & BaBar
PLB 814, 136110 (2021) PRD 105, L011101 (2022); PRL 132, 081904 (2024); PRL 135, 191902 (2025)

Model not comparable with data OR Data not at the range of the calculations (large ¢2)
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Hyperon ratios |G /G| — Model vs Data BES Il

Model calculation valid for the limit Im(Gg) = 0, Im(Gps) =0

. . a .
Data (real and imaginary components): % = \‘fo‘\ AP
PRD 105. L011101 (2022). PRL 135. 191902 (2025) PRL 132. 081904 (2024)
T ] T
1r % e BESIII 2019 ] e BESIII 2023
) e BESIII 2022 1
O BESIII 2025
_ 0.8r B _ E
82 ] 820.4 b
= = - B4 -+
o A e z
& 0.4F 1 202
02 /
T (N T )
g’ (GeV?) g’ (GeV?)
. Gl
Compare model with real part: |Re (2 )| = 12l cos(AD
P part: |Re (g2 Gyl cos(A®)|

Model predictions for ‘Re <(ij>‘ — Uncertanities on A® not included
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— Model vs Data BES llI

Model calculation valid for the limit Im(Gg) = 0, IIn(GM) =0

. . G
Data (real and imaginary components): g}\’i = \‘fo‘\
PRD 105. L011101 (2022). PRL 135. 191902 (2025) PRL 132. 081904 (2024)
T ] T
1r % e BESIII 2019 ] e BESIII 2023
) e BESIII 2022 1
O BESIII 2025
_ 0.8r B _ E
82 ] 820.4 b
= - - B4 -+
o A e z
& 0.4F 1 202
02 /
S (T R s T T R
g’ (GeV?) g’ (GeV?)
; . Gr \| _ Gzl
Compare model with real part: ‘Re (m) = |G \cos(Aq))\

Model predictions for ‘Re <g—f]>‘ — large ¢? data needed to test model
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Hyperon ratios |G /G| — Model vs Data BES Il

Model calculation valid for the limit Im(Gg) = 0, Im(Gps) =0

Data (real and imaginary components): % = %emq’
PRD 105. L011101 (2022). PRL 135. 191902 (2025) PRL 132. 081904 (2024)
T ] T
1 % e BESIII 2019 ] e BESIII 2023
) e BESIII 2022 B
O BESIII 2025
_ 08 B _ E
= ~04r b
<} L ] Q +
o A e z
& 0.4F 1 o2
02 /
S (T R S T T R
g’ (GeV?) g’ (GeV?)
; . Gr \| _ IGE| .
Compare model with real part: ‘Re (GM) = Gl | cos(AD)|

q? too low for conclusions; Test calculations w/ ¢* = 20 GeV?
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Hyperon ratios |G /Gy

Recent result: A

@ A form factors BES IlI:
PRL 135, 191902 (2025)

@ Model: A. Mangoni, et al,
PRD 104, 116016 (2021)
q® > 10 GeV?:

A® =371 ("% = 1)

Remarks:

@ Model calculations A
q% > 10 GeV2:

(€55 ~ 1GE|
R (&)

~1GM]
@ We have a global model for

the octet baryon hyperons
(A, X, E)

Gilberto Ramalho (OMEG/SSU)

— Model vs Data — Remarks

---q?=q},
e G Gy

¢ BESII 2025
¢ BESHN 2019
<4 BaBar 2007

Adyue (rad)

IS

EM timelike FF of hyperons at large g2

q? (GeV3/c*)

Jeju, November 13, 2025
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()~ form factors: Model and data

Predictions of ()~ effective FF: GR, PRD 103, 074018 (2021)
Global fit to Q~ data (SL data: weight 96.3%)

(0 S e B
E [e) BESIII 2025
L <& CLEO
_10%
(\IE E
Q L
10’3§
-4 [ | L L
1079 20 30 40

q [GeV’]
New BES |1l data: arXiv:2508.01359 [hep-ex] upper limit of |G| = 0 — blue line
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Outlook and conclusions

@ Covariant Quark Model developed for spacelike region (42 = —Q? < 0)
Describe Lattice QCD (bare) & Physical data (MC dressing)
@ Model extended to timelike region (¢ > 4M2)
Opportunity to study dynamical structure of hyperons (¢ # 0)
Large ¢* (asymptotic relations),
o Unified model for A, ¥ and = ..., expecting results for X~
o Predictions for effective FF G(¢?): Data: ¢*> = 15 GeV?
Compatible with new large ¢> data within theoretical bands
@ Predictions for ‘Re (c(;f, > ‘:
We may expect a slower convergence of model w/ data [negl. Im(G/)]
Data: ¢? ~ 10 GeV?: Too early for conclusions; Need more precise A®
Promising results for the highest values of ¢?: A, ©+
Model calculations may be tested by ¢? > 20 GeV? data
@ Possible extension for baryons with c-quarks (A, ...)

Thank you ~

More questions: gilberto.ramalho2013@gmail.com
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Scacelike and timelike calculations

@ Model for the octet baryon/decuplet baryon — spacelike
@ Octet baryon electromagnetic form factors in nuclear medium,
G. Ramalho, K. Tsushima and A. W. Thomas, J. Phys. G 40, 015102 (2013).
@ Octet baryon electromagnetic form factors in a relativistic quark model,
G. Ramalho and K. Tsushima, Phys. Rev. D 84, 054014 (2011).
@ A Relativistic quark model for the (2~ electromagnetic form factors,
G. Ramalho, K. Tsushima and F. Gross, Phys. Rev. D 80, 033004 (2009).

@ Extension of model to the timelike region
@ Hyperon electromagnetic timelike elastic form factors at large ¢?,
G. Ramalho, M. T. Pefia and K. Tsushima, Phys. Rev. D 101, 014014 (2020).
@ Electromagnetic form factors of the (2~ baryon
in the spacelike and timelike regions,
G. Ramalho, Phys. Rev. D 103, 074018 (2021).

@ Electromagnetic |Gz /G| ratios of hyperons at large ¢?,
G. Ramalho, M. T. Pefia, K. Tsushima and M.K. Cheoun,

Phys. Lett. B 858 139060 (2024).
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More ...

Backup slides
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Proton data (spacelike and timelike)
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Proton data (spacelike and timelike) [cLeo, PRL 110, 022002 (2013)]

2,514
[~ BABAR 4 FNAL ® NU P
— |
= Zr%ﬁ
S ¢
2t
o L
< I Timelike
2 [
Qasl| o)
= 0.5} Spacelike —
E_w; é é: = T e 5o
0"2 il T il b el R g
<+ 6 8 10 12 14 16 18 20
Q™1 (GeV?
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Proton data — large Q?

Ly

NI B
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Comparison with pointlike quarks

10” T
|G,,| - Model ]
10" + |/ [Gy|-Large Q| =
B z — — - |Gyl - Model .
10-2 ?\\ ———- |Gyl - Large Q 3
10’35
10’45
10-57‘“‘\““\““\““7
0 50 100 150 200

Q’ [GeV’]
Model: exact (extended quarks) — - - - -
Large Q?: pointlike quarks [f1(Q%) — A\, & Q% f2(Q?) — const.] — - - - -

Convergence for Q2 ~ 150 GeV? (perturbative regime — pQCD)
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Elastic form factors — Summary of results

@ The estimates of |G| have the

exp
magnitude of the data B <7§§mod>
@ Approximated agreement with A 2.19
.y . ot 0.65
data within the theoretical 0 1.08
bands for large ¢* =0 0.60
@ Average % ~1 A E- i(l)g
verage .
@ What about larger values 7 g
@ Predictions Table: Comparison between the ratios between
Table up to q2 = 60 GeV? the experimental value (G**P) and the model

estimate of G (G™°%) for the different baryons,

o How far are we from for ¢ ~ 14.2 and 17.4 GeV2.

pQCD estimates ?
(pointlike quarks)
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Hyperon elastic form factors at large ¢ (ete~ — BB) [old]

BES-III

0%
o
| ] A
10 *  BES-II 10
4 . \ , , 4 . , , 4
10 10 15 20 25 10 10 1520 25 B 10 10 1520 25 B

. ,
10 10 15 20 25 30
4 [GeV’]

" , , , , g , ,
1075 10 [E} 20 25 3 10 10 15 20 25 30
7 1GeV] ¢ [GeV’]

GR, MT Pefia and K Tsushima PRD 101, 014014 (2020) — Data from CLEO, BaBar, BES-III (new data ¥7)

Approximated description of the large ¢ data <%> ~ 1.1; Not much large ¢? data (2020)
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Hyperon elastic form factors at large ¢ (e¢te~ — BB)

10° - T T 10° T T 10— T T
+ Belle X *  BaBar \ o BESII 2021
s BESII 2021 o BESII 2022
10 BESII 2024° 4 10'F o CLEO 1
BESIII 2024 N + Belle
= CLEO =
S0 AT
o o
107 st 3 10°F
. , | | " , , , " , ,
10 10 20 30 E 10 10 20 30 ! 10 10 20 30 3
10, - : : T 10T T T M : : sl
+  BaBar \ o BESII 2020 10 A
o BESIII 2021 . \ o BESIII 2023 N ©  BESII2021
10 5 BESIN2023 0% N s CLEO E | s CLEO
o CLEO " 10" 1

-0

S 0 . S
Zi0% <107t
3 310
3 3

107 10°F 10°F

4 4 . , . 4 . , .

10 10 20 30 40 10 10 20 30 40 10 10 20 30 40

& (GeV?) & (GeV?) ¢ (GeV?)

GR, MT Pefia and K Tsushima PRD 101, 014014 (2020) — Old calculation
New BES Ill data X1, A, E~ PRL 124, 032002 (2020); PLB 814, 136110 (2021); JHEP 11, 228 (2023)

GR, MT Peiia, K Tsushima and MK Cheoun, PLB 858, 139060 (2024) — Good agreement g2 > 15 GeV?
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Spacelike and timelike reactions — elastic case

Spacelike reactions:
< e N—e N (e B—e B)
GE, G real functions (2 numbers)
° Rosenbluth separation method

TFE dQ X (TG 4+6G2E), (T:%,e‘lataan—&—...)

JLab/CLAS: @ Transfer polarization method: %

most world data
Timelike reactions: e e™ — v* — BB
GEg, Gam complex functions (|G|, |Gu|, AD = rel. phase)

) @ Differential cross-section (one-y-exchange)
- de = B2 [|Gu2(1+ cos?0) + L|Gp[* sin? 6]

€ TFF . )
@ Integrated cross-section (r = ;%)

4 C
BES Ill, BELLE I o(q?) = 2L LE|Gul? + = |Gf?]

[...] define efFect|ve form factor

Gilberto Ramalho (OMEG/SSU) EM timelike FF of hyperons at large q2 Jeju, November 13, 2025
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Timelike reactions

Timelike reactions: e ¢~ — v* — BB; |Gg|, |G|, A®

@ The first measurements in timelike region (proton)

e TFF

This presentation: effective FF: |G| o |Gu|* + 5= |Gr|* & ‘

Gilberto Ramalho (OMEG/

BaBar, FENICE, DM ... low precision
|G|, |GE| not separated (assumed |G| = |GE|)

Babar PRD 73, 012005 (2006); BESIII PRD 91, 112004 (2015)

Integrated cross-sections (A, 0%, 2%7)

Hyperon effective FF: BaBar PRD 76, 092006 (2007); CLEO PRD 96,
092004 (2017); BESII PRD 105, L011101 (2022)

Differential cross-section
Measurements of ratio |G /G| (A, ©7T)

BaBar PRD 76, 092006 (2007); BESII PRD 105, L011101 (2022); BESHI PRL
132, 081904 (2024)

Complete measurements (phase) A, X+

Measurement of Hyperon spin polarization (asymmetry a )

BESIII PRD 105, L011101 (2022); BESIII PRL 132, 081904 (2024)

G
C—i . no result for A®
EM timelike FF of hyperons at large q2 Jeju, November 13, 2025
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Formalism
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Octet baryon EM form factors in lattice QCD (p, X7)

Step 1: Calibrate model using lattice QCD data
Quark current fixed; Fit radial wave functions

Bare parameters determined without contamination of meson cloud effects (large m)

Lattice QCD (bare): 1

@ Quark current = VMD ¢ =0, + Yol
o
Fie(Q% my, My) = fig(Q%mid™, MEY) - ¥

0.2r

@ Radial wave functions (fit):
Yp(Mp) = Yp(Mg")

GR, MT Pefia, JPG 36, 115011 (2009);
PRD 80, 013008 (2009);
GR, K Tsushima, F Gross, PRD 80, 033004 (2009);

GR, K Tsushima, AW Thomas, JPG 40, 015102 (2013)

—- Lattice - - - Physical

Step 2: Bare contribution extrapolated to m, = mE"Y
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Octet baryon EM form factors — physical regime (p, 31)

Step 3: Include meson cloud contributions: Physical FF: Gy = Zp [G? + Gﬂ
G calibrated by physical data Nucleon EMFF & Octet baryon magnetic moments

0 NG
0o 1 2 3 47 56 7 8 910

3 T T T R R
0 1 2 3 4 5 6 7 8 910

- - - Bare — Bare + Meson Cloud
Model can be used to calculate octet baryon FF in different regimes of ()°
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CSQM: Octet wave function (1)

S-state approximation (quark-diquark)  P: Baryon; k: diquark
F Gross, GR and K Tsushima, PLB 690, 183 (2010):

Up(P k) = % [[Mg)®S + | Ma)D5] hp(P, k)

|Mg),|M4) : flavor states; @g:’l : spin states

B [Mg) [Ma)

p % [(ud + du)u — 2uud] %(ud —du)u

n 7%3 [(ud + du)d — 2ddu] %(ud — du)d

AU % [(dsu — usd) + s(du — ud)] 112 [s(du — ud) — (dsu — usd) — 2(du — ud)s]
=T % [(us + su)u — 2uus] %(us — su)u

»0 \/% [s(du + ud) + (dsu + usd) — 2(ud 4 du)s] % [(dsu + usd) — s(ud + du)]

poh iﬁ [(sd + ds)d — 2dds] %(ds — sd)d

=0 —% [(ud + du)s — 2ssu] %(us — su)s

=" _% [(ds + sd)s — 2ssd] %(ds — sd)s
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CSQM: Octet wave function (2) SU(3) breaking

Radial wave functions: 1 g[(P — k)?]
Defined in terms of (Mg — mp)? — (P — k)2

B Mpmp
_ NN

U (P k) = mp(B1 + Xy ) (P2 + Xy )
— NA

Ya(P k) = mp(Br + X, ) (B3 + x,)
— NE

L e S [y

Y= (P k) = -

mp(B1 +xz)(Ba+ x=)

Bi: momentum range parameters (mp units); 54 > O3 > o > [
long range: (1 (all systems)
short range: [y (lll systems); 33 (sll systems); (4 (ssl_systems)
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CSQM: Photon-Quark coupling [Extra]

° ]q ="+ sz q”, Quark form factors: j; = %fi+)\o + éfz;/\s + %fio)\s
[parametrize gluon and ¢q dressing of quarks]  \;: Gell-Mann matrices

Vector meson dominance parameterization: PRD 80, 033004 (2009)

>.\/\ = >\/\ +@\/v +W
— h
fre =2t (1= 2o s T es g gy
2 212
B Com MEQ
Jio=X+(1 AQ)WL%‘FQQ +co (]\/154_@2)2
2

My ]\[h
= dy—2 1-d
fot ”i{ + - m2 + Q2 +( i)Z\IQ—FQQ}

_ mg g —Mi
f20 = Ko {do PoE +(1 do)]w,%—FQQ}

Light mesons (m., = m,), me and effective heavy meson: M), = 2My
Fix coefficients (co, ¢+, do, d4 = d—) and a. m. m. K4+, Ko, — universal parameters
Use: Nucleon EM form factors; lattice QCD data (decuplet baryon)
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)~ form factors

What do we know about the Q77 @ Gr3 unknown
@ Asymptotic relation
G o %GMS
@ TL: Effective FF ¢* ~ 18 GeV?

Gg = (GEgo,GE2), Gm = (Gu1, Gus)

@ Mass, charge and pq-

@ Form factors Ggo, Gyi, Gra
Lattice QCD; physical m

Quark model analysis BESIII PRD 107 5, 052003 (2023) Gars

1 “This work
¢ CLEO-c data

Theory

1015 s 35 35 30 e e 1 s
qz [chzl 5 [GeV?]

Q* (GeV?)

New data - not large g?;  Global analysis (SL + TL/large ¢*) can help to determine G s3
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