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Introduction

( . )
(mean-square) charge radius -- a quantity that characterizes the structure of hadrons.

It represents the spread of the charge distribution.
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(mean—square) Charge radius -- a quantity that characterizes the structure of hadrons.

It represents the spread of the charge distribution.

Why study the = and K meson charge radii ?

1. Establish reference values from lattice QCD calculations
2. Problems in dispersive analysis for the ete™ - n*n~ experiment
= 3. AMBER experiment >
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(mean—square) Charge radius -- a quantity that characterizes the structure of hadrons.

It represents the spread of the charge distribution.

Why study the = and K meson charge radii ?

1. Establish reference values from lattice QCD calculations

2. Problems in dispersive analysis for the ete™ - n*n~ experiment o AT el Pieies Reseris 942 (2025) 1158
= 3. AMBER experiment ‘ | | | | >
+ - 1 —
O-(e e — 71- )(S) (S)|F (S)| CMD-3 *
o LAFZ()| 6 (7 ImF(s) = o .
<rﬂ' > - 6 - d 2 Combined : HeH I
dS s=0 T 4M,% A SND20 —oANi L

C h arge ra d Ilus 0.40 0.41 0.12 043 0.14 0.45
(r2)[fm”) ‘

Inconsistencies between the experiments  q/9



Introduction

(mean—square) Charge radius -- a quantity that characterizes the structure of hadrons.

It represents the spread of the charge distribution.

Why study the = and K meson charge radii ?

1. Establish reference values from lattice QCD calculations

2. Problems in dispersive analysis for the ete™ - n*n~ experiment ‘666
. 3. AMBER experiment

Apparatus for Meson and Baryon >

Bernhard Ketzer, ” AMBER - First results and future plans”, EINN2025 Experimental Research

Phase-1: 2023 = 2031 (conventional beams)
« p production cross section measurements for DM searches (pbarX)
- Proton radius: high-energy u — p elastic scattering (PRM)
« Pion and kaon quark PDFs: Drell-Yan processes (DY)

Phase 2: 2031 - 2041 (high-intensity kaon beam)
K quark and gluon PDFs (DY, prompt photons)
Strange meson spectroscopy

— + Meson Charge radii AMBER Collaboration, Jan Friedrich,”Hadron research with AMBER at CERN”,
. . . ] . Rev.Mex.Fis.Suppl. 3 (2022) 3, 03080009.
Meson-photon reactions in Primakoff kinematics

> Precise measurement of the K meson charge radius is planned 1/9



3pt function

IntrOd UCtlon (input from lattice QCD) form factor(output)

(mean-square) charge radius -- a quantity that chiracterizes the structure of hadrons.
It represents the $pread of the charge distribution.
d r 5 N
(rx) = =6 353 F=(Q°) (7 )|V |77 (0:))|= (Pr + i) P (Q7)
Q —t 1Q2=0 electromagnetic Momentum
electromagnetic form factor current: transfer :
V=Y Qs Q* = —(ps —pi)* >0
\ ~ U “

1/9



Introduction

(mean-square) charge radius

3pt function

(input from lattice QCD) form factor(output)

-+ a quantity that chiracterizes the structure of hadrons.
It represents the spread of the charge distribution.

(rz) =6 d%g? Fr(Q%) [T @AVl )| = (o Fp)uFR(@QF)
— Q?=0 electromagnetic Momentum
electromagnetic form factor v Z@;‘Z;;ﬁ;; - t:"ai‘(sgfei;m L

L ~ f /)

gz a | v Initially - large difference
2ol | } I | Recently : consistent
v . 1 L l 1 % % } . }i _ v Error : Lattice > Experimental
é-o,l- | ﬂﬁ J } Ty There are 4 main systematic errors
é"’-z' t N e » Chiral extrapolation
=03 N2 —a— | > Continuum extrapolation

-0.41

N2+ ——

N=2+1+1 —e— |

2005

2010 2013
publication date [year]

2020

> Finite volume effect
> Fit ansatz 1/9



3pt function

IntrOd UCtlon (input from lattice QCD) form factor(output)

(mean-square) charge radius -- a quantity that chiracterizes the structure of hadrons.
It represents the $pread of the charge distribution.
r 5 N
(r2) = =6 ~S Fr(Q?) (7 (0) [V 7 (00)))| = (pf + i) (Q7)
dQ —t 1Q2=0 electromagnetic Momentum
electromagnetic form factor current: transfer :
V=Y Qs Q°=—(pr—pi)* =0

\ ~ U “

0.3 - .. :

0ol I v Initially : large difference
A i
b/ TN T
L\‘L L 4 T T 1 T T
5 ¢ ! T | Y1y }i Y
2-0.1 % 2] i
.é-o.z- N0 s
©-0.3¢ % N2 —2— |

NE=2+1 —v—
-0.47 Ng=2+1+1 —o— ]
2005 2010 2015 2020

publication date [year] 1/9



3pt function

IntrOd UCtlon (input from lattice QCD) form factor(output)

(mean-square) charge radius - a quantity that chiaracterizes the structure of hadrons.
[t represents the $pread of the charge distribution.
r 5 N
<?“72r> = —6 ig Fr(Q?) <7T+(pf)‘vﬂ}77+(pz‘)> = (pr +pi)u % (Q7)
dQ —— 1Q2%=0 electromagnetic Momentum
electromagnetic form factor current: transfer :
V=Y Qs Q°=—(pr—pi)* =0

\ ~ ! <)

0.3

v

0.2} _ T ] _
2ol } I | Recently : consistent
v . 1 L l I . }i _ v Error : Lattice > Experimental
S 1 T J ¥iy t
2-0.1 % 2] i
2-02] N0 s
©-0.3¢ % N2 —2— |

N=2+1 ——
-0.4} N=2+1+1 —e—
2005 2010 2015 2020

publication date [year] 1/9



Introduction

(mean-square) charge radius

3pt function

(input from lattice QCD) form factor(output)

-+ a quantity that chiracterizes the structure of hadrons.
It represents the spread of the charge distribution.

e 5 2
(12) = =6 <o F(Q?) (Vi )= (0 + puFr (@
Q —t 1Q2=0 electromagnetic Momentum
electromagnetic form factor current: transfer :
V=Y Qs Q* = —(ps —pi)* >0

\_ ~ f /)

0.3 — .

0.2} 1 - _
2ol | } I % Recently : consistent

(=)

S
b

lative error of <r
=)
[E—

©-0.3r1
-0.4¢

Fi.N

4 TlT l
o] 4t

}ﬁ{}*{

N=0 —>— |
N2 —a— |

N2+ ——

N=2+1+1 —e— |

2005

2010 2013
publication date [year]

2020

| v Error : Lattice > Experimental

There are 4 main systematic errors
> Chiral extrapolation
> Continuum extrapolation
> Finite volume effect
> Fit ansatz 1/9



3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

(m 2 By changing theoretical parameters, we can chlracterizes the structure of hadrons.
compute physics in various worlds. o _
e gpread of the charge distribution.
0.6 B. Brandt, Int.J.Mod.Phys.E 22 (2013) 1330030 + 2 ~N
_ PDG ETMC - o |Vu’7T (pi))|= (P + Pi)uF=(Q7)
0.55 L QCDSF/UKQCD RBC/UKQCD i
| JLQCD/TWQCD Mainz, ¢ = 0.05 fm & i
~ 05 L JLQC]% g-regime ] Mainz, ¢ = 0.07 fm & _ etic Momentum
) Nguyen et al. + Mainz, @ = 0.08 fm + v current: transfer :
T — 045} - /s
? "N _ o _ vy Q°=—(py—pi)* 20
o = g4t I * \ X Logarithmic behavior | J
; E) Cfl; ':"; v J

c & I L \
< 0.35 | * ~ .
‘U’ I ! :J \

03 - I % “. %AV } = — I e

i bl A
0.25 v Physical Point * ? BRI
02 1 1 1 | 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

m2 [GeV?] (pion mass)

v To reproduce the real world, we must use the , ,
parameters that correspond to our physical Chiral extrapolation
universe.

v Use chiral extrapolation to obtain values at the
physical point.

2010 201D 2020
publication date [year] 1/9

relative error of < rn+2 >




3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

(m By changing theoretical parameters, we can chracterizes the structure of hadrons.
compute physics in various worlds.
0.6 B. Brandt, Int.J.Mcl)d.Phys.E 22| (2013)13:::0030 Earlier lattice QCD calculations
__ PDC - m ETMC - o
0.55 | QCDSF/UKQCD RBC/UKQCD ] i -
0 JLQCD/TWQCD Mainz, a = 0.05 fm & Many swp]ulat_lons_were performed
R 05 L JLQCD e-regime 1 Maing, a=0.07 fm « & | at heavier pion masses
4 Nguyen et al. - » Mainz, a = 0.08 fm v
T o 045 | m | ‘
C E I N % Losarithmic behavi
o = 04l * N\ > Logarithmic behavior i
— & % I NG We needed to extrapolate these results |
£ 7 03t * o S to the physical point
= ool | T AT — — — _\ using chiral extrapolation
I O . Y . . J
025 = Physical Point : : ¢
02 v | | | | ‘
0 0.05 0.1 0.15 0.2 0.25 0.2 0. 35

m2 [GeV?] (pion mass)

v To reproduce the real world, we must use the , .
parameters that correspond to our physical Chiral extrapolation
universe.

relative error of < rn+2 >

v Use chiral extrapolation to obtain values at the
physical point.

2010 201D 2020
publication date [year] 1/9
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relative error of < rn+2 >

Introduction

3pt function

(input from lattice QCD)

form factor(output)

Lattice calculations discretize spacetime.

Continuum
(real world)

PACS, PoS LATTICE2023
(2024) 276

Coarse lattice Fine lattice
® local ' ' ' L] S,
| | @ conserved f (0) Pl’e|lmll’lal'y /./‘ |
c ® |ocal 256 + ol
S 0.975H M conserved 256 I e
(. + FitA 46':‘
o5 | X FitB o ]
t; = ¥ FitC .”.%’
q(_u o 0.970 H A PACS22 /V;:"”:A”,’ _
E E N - /‘z //"/ -
o ..t
()] | -_______ — Pl _
L O 0965 l% T2 |
] - =zl ““‘"'-.
© I /::_______-:-_—; :::: i':_‘:-_—_._fi;,ﬁ_ __________
0.960 = : - *i:'_""
. i . | . | | . | L~
continuum 0 0.02 0.04 0.06 0.08
limit a[fm] (lattice spacing)

v Continuum extrapolation derives real values from

discrete data.

AVERY)

2010

PAVIAY,

publication date [year]

chigracterizes the structure off hadrons.
> spread of the charge distribution.

2 N
Vil mt 0))|= (o5 + 9 Fr (@)
etic Momentum
cgrrent: transfer :
Y Q°=—(pr—pi)* =0
J
y
> Continuum extrapolation
1/9




3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

e spread of the charge distribution.
+ — . 2 )
V.7t o)) = (07 +90), Fx(Q%)
By the discretization of space-time
: - - Continuum
Coarse lattice  Fine lattice (real world) Values change depending on the
= - .f AT — lattice spacing J
c ® |ocal 256 7Y) R
S 0.975H M conserved 256 ,;%-"" -
sE (1o TN
N T £ EIC o We need to calculate at multiple lattice
e, n R E:,z‘f’,’.?" i spacings and then extrapolate
- €5 : . e 1
J 2 O 0965/ l%—-_;—:‘;’éf__ .
o - S 'i\-._,‘ PACS, PoS LATTICE2023
*é_ © Kzl LTIz ':—.:'__t:i;ﬁ::‘_‘_‘_ I (2024) 276
5 0.960F = ! '”'*i:'_""
o . i . | . | . | . | L
B CWFM?N1 0 0.02 a%f]aw 0.08 0.1
imi a [fm i i . .
3.0 (lattice spacing) » Continuum extrapolation

v Continuum extrapolation derives real values from
discrete data.

2010 201D 2020
publication date [year] 1/9




3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)
(m 4 chigracterizes the structure of hadrons.
e gpread of the charge distribution.

Truesize |Vu‘7r+(p@-)> = (py +p¢)qu(Q2)

etic Momentum
current: transfer :

Y s Q°=—(pr—pi)* =0

Lattice calculations use finite spacetime volume.

Small volume Large volume

relative error of < rn+2 >

v Finite-volume effects from small volume.
> Finite volume effect

1 1
S S
~

2 2010 201D 2020
publication date [year] 1/9



3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

(m Lattice calculations use finite spacetime volume. Characterizes the structure of hadrons.
> spread of the charge distribution.
True size 2 )
o [l 0= s @)
{ letic Momentum
If the simulation volume is too small 2transfer : ,
=—Wr—pi)" 20
The particle cannot be @ (ps =) J
fully contained in space S
L\
A L/ k“-
N+h | | /
—~ >~
< /
o
S
0 Small volume Large volume
B
5
2 v Finite-volume effects from small volume.

> Finite volume effect

1 1
S S
~

2 2010 201D 2020
publication date [year] 1/9



3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

(m Lattice calculations use finite spacetime volume. Characterizes the structure of hadrons.
> spread of the charge distribution.
True size 2 )
_ |Vilm @)= (07 + pi)uF= (@)
If the volume is large enough otic Momentum
The particle fits well lei’l’ent: transfer :
: by Q*=—(pr —pi)° =0
¥ (0D T 2
Cmon 3
/

) /
f%/
/

Small volume Large volume

relative error of < rn+2 >

v Finite-volume effects from small volume.
> Finite volume effect

1 1
S S
~

2 2010 201D 2020
publication date [year] 1/9



= 3pt function
IntrOd u CtIO n (input from lattice QCD) form factor(output)
(m 4 PACS10 configurations chipracterizes the structure of hadrons.
---Large-volum(e Clonfigurations at) physical point spread of the charge distribution.
3 lattice spacings). 5 2
. . V, 7T+ 7 — + D; F’/T
> Chiral extrapolation | ‘f‘ (i) = (s + i)l (Q7)
At physical point = almost unnecessary = good!! etic Momentum
L o current: transfer :
Hadron masses reproduced within 5% error - 0 )
. : R R Q°=—(psf—pi)" 20
- > Continuum extrapolation J |

If computed with 3 configurations
— evaluation possible - good!!

> Finite volume effect
Large volume sufficiently suppresses effects — good!!

Indicator of finite-volume effects
ML >4—good 3< ML <4—>soso M;L < 3— bad

Chiral extrapolation
PACS10 configurations ~ 7 P

Continuum extrapolation
Finite volume effect

relative error of < r,t+2 >

PACS10 suppresses 3 major systematic errors.

2010 201D 2020
publication date [year] 1/9



3pt function

IntrOd UCt|On (input from lattice QCD) form factor(output)

(m 7 Systematic errors from traditional analysis methods chiaracterizes the structure of hadrons.
3-pt functions (lattice QCD) / Known function = Epread of the charge distribution.
va \
= = —ipT + P— 2
T (7 Gt tand @07 O 7l oy @) Vil o 00))| = (07 +p0)u = (Q%)
— e ™ T o
Sa oz (T (Bsinks tsink) Va(Z, £)mt (0)T) 2Ex(p) / etic Momentum
. ] current: transfer :
Form factors (desired quantity) " 5 9
R . . by Q= —(pf—pi)* >0
Fr( @)%, Properly combine lattice data and y
— \& known functions. /
\\ F(0?) Input from lattice calculation
&‘\t . a Known function
Y - 1 )
ﬁ’?:,-ﬁ:_ — T+ QM2
T e Fit ansatz
> 1+ka(@ )"

Q" | 2
Fit TS ¢ (rm EEET /R

P - S VAmE + Q2 + \/4m2
2\ = -6 — F,.(Q? 1 iz 25 (1)Q + AH (m2, Q2,112
(rz) a2 @ 1+ 007 + 4 (2 @7, i)

v The fit ansatz error arises from the choice of the

fitting function and the fitting range.
2 2010 201D 2020

publication date [year] > Fit ansatz 1/9

y

relative error of < rn+2 >

1 1
S £
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3pt function

IntrOd UCtIOn (input from lattice QCD) form factor(output)

(m 4 model-independent method chigracterizes the structure off hadrons.
v Key idea:Calculate spatial moment s spread of the charge distribution.
T S R S L S I T e T AP ) + 2 A
e | L VTt e0)|= 0 00 F (@)

> Differentiation of Fourier transform .

- etic Momentum
dff(f) _ % S Cla)e _ _% S 420(x) current: 2 transfer : 2
P7 ey P p?=0 z Y s Q°=—(psf—pi)°>0
| ( Ngpgce = o0, a:finite ; L = Ngpgeea = ) 7
9 infinite volume limit J
We can suppress the contamination at large volume.

ZSEQ Cspi(x,t) Nfl—i- (fo+fa+ )

Xu Feng et al,, add these higher-order moments
Phys.Rev.D101,051502(R)(2020) to reduce the Contamlnatlon

R(t) = a; (z°moment) + s (x*
= (152FW(Q2)‘Q2_0 + (fs+fat--)
04 a,, a,: parameters which set to cancel out the contaminatio

2334 Capt(z,1) Nfl-l- (f2 +fs )
X

moment)

relative error of < rn+2 >

2010 2010 2020

publication date [year] > Fit ansatz 1/9



3pt function

IntrOd UCt|On (input from lattice QCD) form factor(output)

(mean-square) charge radius -- a quantity that chiracterizes the structure of hadrons.

It represents the spread of the charge distribution.
r

d

(rz) = =6 —5 Fr(Q?) (Tt ()| Vil 7t (02))|= (05 + i) u P (Q%)
dd — Q?=0 electromagnetic Momentum
electromagnetic form factor current: transfer :
V=2 Qrtpmty Q% = —(py —pi)? =0
\_ ~ f /)
0.3 - - — . |
% j l } | 4 Suppressed with PACS10 configurations
e 017
: foL R
s’ T smarez
2-0.1} 2] i J
o o, % } "> Chiral extrapolation
Avoidable by model-independent method| |*> Continuum extrapolation
(without fitting) > Finite volume effect

- ABUEIication dateﬁéér] o > Fit ansatz 179



v Introduction
- Chareetadius
. Ma .
v Application to PACS10 configurations

- Analysis of =", K*, and K° charge radii using model-independent method

v Summary
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Simulation parameters

PACS, PRD 99, 014504 (2(019);) 10.9 ~ 10.5 fm
. . PACS, PRD 106, 094505 (2022); .
v Gauge configuration ( PACS. PRD 109, 094505 (2024):; —
PoS LATTICE2024 (2025) 318 - s a4
. . Y/
PACS10 configuration 0.085 ~ 0.041 fm - yd
. . //
Nr = 2 + 1 six-stout-smeared non-perturbative "
O(a)—improved Wilson action+ Iwasaki gauge action (b
. . )
A O N S .
2.20 2564 10.5 = 0.041 0(500)
2.00 160* - 10.1 0.063 3.1 “ 138 506 I 20 0(4500)~0(14000) h l l ]
1.82 128% \10.9 * 10.085 2.3 N\ 136 499 / 20 0(4500)~0(14000) > Chira .eXtra.pO ation
. / U~ S — A - Physical point
> Continuum extrapolation
v Measurement parameter N
« 20 config., 500~14000 meas. Per config. > Finite volume effects
« Periodic + anti-periodic correlation functions in time ~ Large volume
direction T Statistics
. Sorw?rd + Backward correlation functions in time —> Reduce the wrapping-around effect
Irection Systematic errors can be evaluated

|tsmk Lsource | -
3/9



v Model-independent method
(without fit ansatz)

’23;2 Cspi(, 1) Nf1+ (f2+f3+---)l
- l Z$4 C3pt($,t) Nf1+ (f2+f3+---)l

R(t) = a; (z°moment) + o (z*moment)

= d_F (02 ,
dQ?2 ,.( 2 ) (,)3:()+ (f3+f4+ )
'7-0 | L L L e e D e e ]
b B ey b
® 4008 s --'"“ -
10 F tink=36 =
i tgjnk=42
: 1 I PP BT S B R Itsjnl-g_48. '_Ie_'
20t 1.
0 S 10 15 20 25 30 35 40 45
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-35!“- v Extraction including the fi;st excited state ‘
\

: d
v Model-independent method | 7(# tsink) = ﬁFﬁ(Q?) 4 A e (mxr=mx)t B o= (maxr—mx)(taink—t)
(without fit ansatz) Q Q*=0
1.50 T T T T T T T T T T T T
’ZZE2 C3’pt(xat) Nf1—|— (f2+f3+...)l 1.25 | N 4
S 1.00F 4

0.25

Sorst = e -
l El: 0 770 5 & i ety - l’ iy wi e Bl

0.00 : L . L : :

R(t) = a; (z°moment) + oo (z*m/ e 0 2 4 * 2 /
—_ _d 2
= W]*rr(Q )Q'—’:()+ (f3+f4+"')
70 ——————1 11— ¥ From the plateau, we can see that the
: I I % ] PACS10 configurations reproduce the
80 ¢ R(t) I I % ; experimental mass of the first excited
: { I ¢ ] state.
) -9.0 N " | 7 o E
+ = [ g @ & Lalt ] g b F 1
& 10.0 _g i% '"_= 5.4 .‘_:.:".'. £ _ =T __,‘jl“ b 0P _ .
M0 tink=36 =
: §;i::§j§ .. 1 v We use experimental value as the mass of
2 T T T T T T e the first excited state
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-EE!II- v Extraction including the fi;st excited state ‘
\

v Model-independent method
(without fit ansatz)

’2372 C3pt(xat) ~ fl + (f2+f3+---)l

|

R(t) = a; (z°moment) + o (z* e

~ G Fa(@?)

Q2=0

d

f(t;ts'mk) — TQQ

Fr+ (QQ)

+ A 6—(me—mX)t_|_ B 6_(mX’_mX)(tsink_t)
Q2=0

1.50 - .
1.25 F

S 1.00F

© 0.75

=

£ 0.50
0.25 |

0.00 : L

©

+ (fa+fat---)

s 90 7 i ]
-I-':2 E g i g ll LA &g 4 T I/ T ‘ 4 O ’
@ q00[f Sttt loodasmt il lil T 00 .
10 F tgink=36 =
[ tgink=42 1
ool e tsf"k:48 1]
0 5 10 15 20 25 30 35 40 45
t/a

v We use experimental value as the mass of
the first excited state
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Preliminary results

vt charge radius (T )|V 7 00)) = (05 + Pi)u P (Q2)
048 - | T local vector current electromagnetic ~  Momentum
ol | - | 10 =90nye) T
: X /
o 044 -+ — .
N S I } PDG (e + = —» e + w scattering)
c\’.: 0.42 A::_ ik
F |
' 040} § ] ..
point splitting conserved vector current
d
: o 1. ) _ )
038 . Vo™ (x) = > [p(x + D+ V4)UJ COP(x) — P ()1 =y ) U, COP(x + Q)]
b 0.(I)02 0.604 0.606 0.(I)08 0.01

a? [fm?%

‘ Different a-dependencies in each current

We fit the data so that they match in the continuum limit.
|
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vt charge radius

Preliminary results

v KT charge radius

v K° charge radius

0.48 o = 0.42 . e 0.050 . =
0.40 0.055
0.46 F —_ . | :
! 0.38 “'\‘%:;:_— ------------------ X —— ) 0.060
o 044 T = = o 036} E ; . o~ -0.065 E T :-:»"’/
E  |lgooodpooe S5 e X £ & £ E— %;/"';,T;'.L’ %
c\’.: a2} | = 0": 034t ' = N,; 0.070F = e o
v = o2l \ < 0075 %‘Q
v .y v & : . v DO L
[, :
040T § 030f . 0.080 : V4
T 0.28 0.085
038 ! l
0 o002 g.,?m{fm ? 0006 o008 oot "® 0 oo aozg')04[fm2] G006 0008 001 0 0 000 gibm[fm% 0006 0008 001
4 )
v As a preliminary extrapolation, we perform a linear fit in a?.
v For the continuum limit values, results agree with PDG within ~2o.
v 1t achieves the same level of experimental error, while K* and K° achieve precision exceeding
the experiment (PDG).
\_ _J
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Preliminary results

v t charge radius v KT charge radius v K° charge radius

¢

JLQCD 15 —o—

XQCD 20 —v— F » Ding et al. 24 —— " JLQCD 15 —o—
Gao et al. 21 JLQCD 15 —e— This work —e—
Feng etal. 20 —x— ] This work —e— PDG 26 —*—
This work —e— PDG 26 —»—
1 PDGl 26 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46 0.48 0.25 0.30 0.35 0.40 0.45 -0.10 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03
<t [fm?] <> [fm?] <rg0®> [fm]

Although preliminary, the results are consistent with the experimental value(PDG)
and the results of the previous lattice calculations.

Some of our results exceed their precision.
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Preliminary results

Comparison with the dispersive analysis for theete™ - ntn~ experiment

vt charge radius S <\
—————H — — CMD-3

_—

JLQCD 15 —o—
xQCD 20 —v—

Combination -
(BaBar, KLOE and so on)

Gao et al. 21

Feng etal. 20 —¢—
This work —e—

032 034 036 038 040 042 044 046 048

<rp?> [fm?]

At this point, we cannot draw any conclusions about the difference between these
two values based on our value.

‘ The statistics from the measurements on the finest lattice are not yet sufficient.
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v Calculated charge radii of =*, K™, and K° on PACS10 configurations.

AN

Used the model-independent method.
v Although preliminary, the results are consistent with the experimental

value(PDG) and the results of the previous lattice calculations.
v'  Some of our results exceed their precision.

Future works :

v Increase statistics for PACS/L256
v Evaluate unaccounted-for systematic errors(source-sink separation,

continuum extrapolation and so on).
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