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Motivation

» The anomalous magnetic moment of muon (a, = (g — 2),/2)

* The Dirac equation predicts a muon magnetic moment: M= g %.? with g = 2
u

: L -2
* Magnetic anomaly to evaluate the deviation: a, = gT

* Updated Standard Model prediction in WP25: aﬁM

SNDO6 |
CMD-2 o s v Most important development since WP20: estimation of
BaBar «  eos— . . . .
KLOE. se—— leading-order hadronic-vacuum-polarization (LO HVP)
»‘ - - - - -
BESI”WDE['—'—J contribution, Data-driven — Lattice QCD calculation
=l y s e—
CMD-3 s—p— . exp
o * Experimental measurement: a,,
Lattice HVP Avg. 1 v Brookhaven National Lab (BNL)
WP25 .
v" Fermilab (FNAL)
FNAL-25
FNAL-23
. . ex . s
FNAL-21 cib * No tension between aﬁM and a,, P at the current precision
{ BNL-06
. . . | . . . * Precision of a;™ must be improved by about a factor of four
u
—40 —30 -20 —10 0 10 20

10 SM ex ex
. 107 x (@ — ai®) to match the one of a-*P
arXiv: 2505.21476 I
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Motivation

» Why lattice calculation used here? geys
BaBar = sessje—
KLOE + s—

« Significant deviations in data-driven results among different collaborations | ..,

——
SND20 S
» How to understand these deviations and what can we do? L s ———g
: . . . . . Lattice HVP Avg. 1
* An improved understanding of higher-order radiative corrections WP23

FNAL-25
FNAL-23

FNAL-21 .
BNL-06 =

Data-driven a0 HVP ~ontribution —10 -30 -20 -10 0 10 20
U 1010 % (ain — a%%)

: arXiv: 2505.21476

Dispersion integrals

Experimentally measured cross section
og(ete™ - y* - hadrons + y)

2 7 +,-
LOHVP _ [amy © K(s) __oleTe” —»hadrons(+y)]
U o ( 3m ) fsthr ds s2 Rhad (5) , Rnada(s) = 4ma?/(3s)

e More pFECiSE measurements » "

I. < 2 GeV: exclusive final states (2m, 37, 41, 2K (Kt K ~, KsK)), ...)

. . . 0.0 C:c\- '] 0.0 GeV, oo
inclusive R value via ISR or energy scan method 5155*\\; 3.1 GeV
. ©
2.0 GeV 2.0 GeV

[I. = 2 GeV: inclusive hadronic R value

1.0 GeV

Phys. Rept. 887, 1-166 (2020)

contribution error?
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Motivation

» Discrepancies between data from different experiments in KK channel

« Tensions observed in K™K~ channel around ¢ peak, not clear in KgK; channel
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O More accurate cross section measurement around ¢ peak are needed
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Motivation

» Kaon electromagnetic form factor 10 Ty
10 * BABAR =
* Direct insight into the distribution of charges, currents, color and flavor ] \\ L ptotic QOD predicton ]
* Charged Kaon form factor: L0 .
O Energy-dependent form factor at higher-energy data is consistent with the asymptotic oY : E
10° T =
form predicted by pQCD . 3
O Their magnitude is about 4 times higher than the predicted asymptotic value s
1.5 2 2.5 3 35 4 4.5 5
* How about neutral Kaon? G
: : : Phys. Rev. D 104, 092014(2021
» Substantial structures are evident in the center-of-mass energy range 1.1 — 2.4 GeV Phi:. Rev. D 99, 032001 ((2019))
0.06 £ ' ' =
| L L L L L Trrrrprrrr Trrrr T T T " " I: . §—+ e*e’— KIK? —E
107 ' e efe” o KK AN 5 00t S A 3
Phys. Rev. D 88, 032013 (2013) 10 O = 0mE o Besh =
102 1 - OL;YA ] :x‘(‘o %-%2; 3 ot . —- Babar [35] =
2 - ) ] X 001 =
= A 1T 4 M — BaBor . = 0F ‘}" ‘ . + 3
g 10 Ay f#_ *‘I"Hr E © _001E ‘% %H» %’ {) 3
g ™ z W T ] 002 - =
21 . % 10 ﬁ% ‘ ﬂf e | e : ‘L : -
EoEl B B RN T o5+ N
S 10" T e Ll o 03F oy KK 3
02k b € oz ' #%* ¢ —— BESII 3
10 x 02 iy . — Babar[35] 3
e R P P D T TP TN | W er: - 5 1 Lo et E
1 1.5 2 10 1.2 14 16 L8 2 2.2 © ot 3 : : :o 17 o E
E,, (GeV) 0.05 R s WO
Phys. Rev. D 89, 092002 (2014) e T2z 24 28 28 3
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Motivation

> Provide more information about the vector resonances

0.08 T
? Canthe X(1750) be a ¢(1750)? 7 ¢(2170)? 007 ework
——————— ,T —3— BESII R o E
i 1 ¢ s = o R h
F et e - Kt K- BABAR 2013 1 0.3 P g ® g?BAR ??0-05 - - Background
f= B - — | - i
, R’ 0.04 F ]
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BESIII Experiment: Advantages

Electromagnetic Calorimeter
CsI(T]): L=28 cm

* Barrel oz /E = 2.5% @ 1 GeV
* Endcap o /E = 5.0% @ 1 GeV

Iaye:rs .
N

Muon Counter  RPC
Barrel: 9 layers
Endcaps: 8 layers

Ospatial = 1.48 cm

Electro Magnetic
Calorimeter

» \\\\\\\\\\\\\\\\\\ll"lllll// Lz “s

. BESIII Detector

Main Drift Chamber
Small cell, 43 layer

* Oyxy =130 pm

* dE/dx ~ 6%

* 0,/p=05%@1GeV/c

Good resolution
High detection efficiency
Lower background

Hua Shi
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Time Of Flight

Plastic scintillator

* or(barrel) = 68 ps

* or(endcap) =110 ps
(update to 60 ps with MRPC)

Symmetric ete™ collisions

Nucl. Instrum. Meth. A 614, 345-399 (2010)
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BESIII Experiment: Advantage

, 2.175: 108 b~

data below open-charm threshold

2.23~3.67 GeV: 14 points ~110 pb~!

2.00~3.08 GeV: 21 points ~550 pb™* §

Low energies can be accessed via ISR technique

0.5 1 1.5 2 25 3
T
I/ ¥(25) w.| 423+426:10
I Jh :| 1(28): 2710 SR 05 5
- w,, ; 4.36 ]
| . :_1 i 1 442
W(3770): 20 fb :lw A 05 b o
‘ | 418 -3 |;§* |
—— 1] 4.60-4.95
- I 7 ~6.3 fb~L in total

y 5 ‘ R scan data above open ~charm threshold

3.85~4.59 GeV: 104 points, ~800 pb~!
3 3.5 4 4.5 5

Large datasets: 20 fb~! aty(3770), 10 fb~! at XYZ region
Ideal environment to measure ete™ — KK cross section with
initial state radiation method!

Also for measurement by energy scan method




Initial State Radiation(ISR) Method

» Initial State Radiation (ISR) Method at a fixed c.m. energy

« Ata fixed c.m. energy /s, collecting events from threshold to /s
» Systematic uncertainty in a coherent way

e Large luminosity needed

* Higher background than energy scan method

» Two reconstruction method
I.  Events with a tagged ISR photon (tag) gi
v’ From threshold — More contributions for a;° #VF sz tag region: 15.1%
® Low reconstruction efficiency ": e 37730 Gey
II. Events with an untagged ISR photon (untag) W s e T s

etl‘uth

cos( sk )

v' High reconstruction efficiency — better to explore structures in M(KK)
@ Can'’t start from threshold

untag region: 84.9%

v ISR photons emitted mainly along the direction of beam pipe

Hua Shi Initial State Radiation Method 9




KK cross section

» Datasets: » Analyses ongoing:
Vs (GeV) L (fb )
3.773 20.3 « ete” » K*K~ with a tagged ISR photon(tag KK ™)
4‘002 ';7;1'157 ;g « ete”™ » K*K~ with an untagged ISR photon(untag K*K ™)
4189 ~4.288 6.1 « ete™ - K K; with a tagged ISR photon(tag KK, )

» MC samples:

: . . \—> Regard as a missing particle
* Determine the detection efficiency

 [Estimate the background contributions Ks >m'm”

Process Generator Samples Process Generator Samples
ete™ - ySRK+K~ PHOKHARA ~11x ete™ - ySRy/y) BesEvtGen ~40x%
ete™ - yBSRK.K, PHOKHARA ~118x ete™ - yISRy(29) BesEvtGen ~40X

ete” - qq KKMC/LundAreaLaw ~8X% vy > KTK~ cppGamGam ~30x
ete™ - Y(3770) - non-DD KKMC+BesEvtGen ~40X% yy > ntn” GALUGAZ2.0 ~1x
ete” - yBSRgtp- PHOKHARA ~6X% vy = utu DIAG36 ~1x
ete™ - ySRete- BABAYAGA ~0.25% yy - ete” DIAG36 ~2X
ete™ - YR+~ PHOKHARA ~10x% Yy =1 EKHARA ~1x
ete™ - yISReHg- KKMC ~40% vy —-n' EKHARA ~1x

Hua Shi

KK cross section 10



Background Analysis Method

» Background level in each analysis

Analysis tag K*tK~ untag KK~ tag KK,
M(KE) region |[M(K*K ), 1.1]|  [1.1,2.5] 2.5, 3.0] [1.2,2.5] [2.5,3.2] [M(KsKy) e 1.1] [1.1,2.0]
Background(%) 0.8 2.2 25.7 4.2 9.0 9.2 80.1

» How to estimate backgrounds
* MC estimation

Signal selection criteria

A 4

Line shape input Background MC generated by ConExc

\ 4

M(K*K™) spectrum X scale factor

e Data driven

A\ 4

Signal selection criteria

Signal MC efficiency

Background MC =

\ 4

Background MC efficiency

A 4

Background selection criteria

A 4

Relative MC efficiency

\ 4

Data

\ 4

A 4

Background selection criteria M(K*K™) spectrum

e Sideband

Flat background distribution on M (Ky)

A 4

Data in sideband region to estimate background in signal region

Hua Shi KK cross section 11




ISR Radiation Function

» Comparison between calculation and MC generator PHOKHARA

v’ Strategy:

+ 20Mete” - SRyt~ MC, generated by PHOKHARA, NLO ISR enabled, FSR and VP switched off

e ISR+ Nucl. Phys. B 318, 1-21 (1989)

L Li_o9 o L _ 868 o
L gere utus Oetespty- =5 N
i
v" Function:
2 .2
Used +<—{FEK(x,s) [ pxP1 [1 +Z (”— - %) +3 3 - Z L + 22 347)] -B (1 - %x) - %[32 [4(2 — x)Inx +@1m(1 —x)+6— x] B = 2a(L — 1)/m, L = In(s/mZ)

« FM(x,s) = BxP1A - ﬁ(l— x)——ﬁ2[4(2—x)l Mln(l—x}+6—x]

1
2
A=1+% ( L+%- 2) + E-20@|2 +[-2+2¢@ +3¢®)|L - 2L@12 - 2¢(3) - 6¢(2)m2 +2¢(2) + 2}

v' Result: i}

r ¢ PHOKHARA

- + PHOKHARA

= NT Sch 258.9

- cheme

[~ —NT Scheme 315.6
?, B % —FK Scheme 247.0
= —FK Scheme 310.0 s
= | =
£ <
£ &

0% —

G I 1 1 1 1
s " o
S =
S S
= =

5
1 2 3 1.1
s (GeV) Is (GeV)
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Vacuum polarization

» Comparison between calculation and MC generator PHOKHARA

v’ Strategy:
e 10Mete - yISRu+u_ MC, generated by PHOKHARA, NLO ISR and VP enabled, FSR switched off, ] /i is excluded in MC generated

+ ISRu+ -

ete -y u
i 86.8 FK
* e = w(x,s) - fup Oeteoyty- = Tnb w(x,s) = Fsg(x,s)
i
v" Result:
(- I N
B * ¢ PHOKHARA L $ PHOKHARA
i 1.2 — — Fred
11 L
z = L
= s
= = r
@ : o
. L
0.8 —
5 —~ 5F
S LB
R _E = E
1 1.1 1.2
s (GeV) s (GeV)
3 ERY KK cross section 13




KK cross section

» Resolution

Analysis tag KTK~ untag KK~ tag KsK,
M(KK) region |[M(K*K™)w, 1.1] [1.1,2.5] [2.5,3.0] [1.2,2.5] [2.5,3.2] [M(KsK; ), 1.1] [1.1,2.0]
Resolution 1 MeV(unfolding) 4 MeV 7 MeV 8 MeV 13 MeV 1 MeV(unfolding) 10 MeV

> Cross section measurement in each M (KK) interval

dNgig/dM (K*K™) dLint

do(K*K™)/dM(K"K™) = — AL, /dM(K*K™) dM(K*K™)

= W(Sr X) : Lint

> Branching fraction measurement of J /{ - KK

* Cross section for ISR production of a narrow resonance (vector meson V), such as J /1, decaying in the final state
f can be calculated by:

12m%T(V - ete™)B(V - N
o(s) = ( VB( D W (s, xy) = I
mys € -

Experimentally

Mod. Phys. Lett. A 14, 2605(1999)

Hua Shi KK cross section 14




KK cross section

> Accuracy can be obtained at BESIII with 20 fb~! datasets at )(3770) and 10 fb~! datasets at XYZ region

Strategy ISR Method (%) Energy Scan Method (%) ISR Method (%)
ete” > K*K~ Most accuracy results(statistical uncertainty only) BESIII expected
Around ¢ peak ' 0.3 CMD-3 1.0
1.2 — 2.0 GeV 1.5
2.0 — 3.2 GeV 09 BESIT 4.5
ete” - KK, Most accuracy results(statistical uncertainty only) BESIII expected
Around ¢ peak 1.7 CMD-3 1.2
1.2 — 2.0 GeV 8.2
103; s 103; 1 BABAR 2013 10 g & BESII & BESI
2 .k L \‘_\“ = . F 7 BABAR 2015 i OLva i OLya
e ,Jr‘d’ e, I e I BESIN 2019 2 €MD scant
Ty w! — Ty ¥ CMD3 2018 . EMD scans ~ 10 % . scan
T: : —~* i g \\\ :” ¢ BABAR 2014 Sk :
:;w-l 2 } BABAR 2013 },10'1 E O - *% 10| 2oL 2, T“* {
A g T ! cvmp32e1s a0t = mﬁhﬁm —— T T | 3 “ HI”' ‘ o
e e < T R T T T T T T e
' M(K'K) (GeV/c?) ' M(K*K) (GeV/c?) S RGw ‘ 5 (GeV) '
Hua Shi KK cross section
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Summary

> Measurements of e*e™ — KK cross section via Initial State Radiation method are performed at

BESIII with the large datasets(20 fb~! datasets at )(3770) and 10 fb~! datasets at XYZ region)
« ete” - KTK~ with a tagged ISR photon
« ete” - KTK~ with an untagged ISR photon

« ete” - K K; with a tagged ISR photon

» High precision results will be obtained

> More results will come soon ...

Thank you !

Hua Shi Summary 16
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