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Motivation

Muon Anomalous Magnetic Moment:

polarization) (83%) and HLbL (hadron light by light).

Contributions to Uncertainty of ay

SM value (lattice QCD) of a, in WP25 agrees with the measured average.
The data driven value in WP20 differs from the new result and CMD-3 value.
It is important to understand the differences between these results.
Uncertainty of the data driven value is dominated by HVP (hadron vacuum

Contribution

Value X 10'

Experiment (2023)
Experiment (2025)

116 592 059(22)
116 592 071.5(14.5)

QED

Electroweak

HVP (¢'e™, LO + NLO + NNLO)
HLDL (phenomenology + lattice + NLO)
Total SM Value (2020)

116 584 718.931(104)
153.6(1.0)

6845(40)

92(18)

116 591 810(43)
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QED

Electroweak

HVP LO (lattice) + HVP N(N)LO (¢fe™ )
HLDL (phenomenology + lattice + NLO)
Total SM Value (2025)

116 584 718.8(2)
154.4(4)
7045(61)
115.5(9.9)

116 592 033(62)
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Motivation

Contributions to aHVP’LO of Exclusive Channels:

HVP LO _ a2 oo K(s) R( ) R(S) _ 0%t e —hadrons(+7)) Oy = dra?
ap 372 JM2 pt » Opt 3s
Contributions to aEVP’LO of Exclusive Channels (2020) e, nd, E> 1.8 GeV: 7%
KsKy, K*K::... GZ(HVP)
Channel DHMZ19 (X 10'%) KNT19 (X 10'") '
T 507.85(0.83)(3.23)(0.55) 504.23(1.90)
Tt T’ 46.21(0.40)(1.10)(0.86) 46.63(94)
mtr T ata T 13.68(0.03)(0.27)(0.14) 13.99(19) nt
Fo o 18.03(0.06)(0.48)(0.26) 18.15(74) 1 ntre: 65%
KYKT 23.08(0.20)(0.33)(0.21) 23.00(22)
KoK, 12.82(0.06)(0.18)(0.15) 13.04(19)
0y 4.41(0.06)(0.04)(0.07) 4.58(10)
Sum of the above 626.08(0.95)(3.48) (1.47) 623.62(2.27) - p . . ~
[1.8, 3.7] GeV (without cc) 33.45(71) 34.45(0.56) - ! > \ELe
I/ P, b(28) 7.76(12) 7.84(0.19)
[3.7, 00) Gev. 17.15(31) 16.95(0.19)
Total a;‘“ Lo 694.0(1.0)(3.5)(1.6)(0-1) 4, (0-T)py1qon 692.8(2.4) Contributions to QIJVP,LO of

Exclusive Channels (2020)




Motivation
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e These experiments are in good agreement for K%K%




Motivation

Motivation
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e Substantial structures are evident in the center-of-mass energy range 1.1 -
2.4 GeV.

e BESIII can also contributes to these problems using initial state radiation
(ISR) method.




Data Set & MC Samples Data and MC sets

Data Set and MC Samples

Data sets

o /s =4.178 GeV data for feasibility study at BOSS 7.0.3.

e Full set of ¢(3770) data at BOSS 7.1.2 for the final result.
MC samples (1/s =4.178 GeV)

e cTem — ygr KYKY PHOKHARA v9.1, 10M 59xdata

e ecte — yiggrmTm~ PHOKHARA v9.1, 10M 3xdata

e ¢te~ — hadrons HYBRID, 80M 1.04xdata

o ete™ — yigrete” BABAYAGA, 542M 0.4xdata

® ete — ygrputu~ BABAYACGA, 88.94M 10.0xdata

o cte” — ygr7TT~ KKMC, 11M 1xdata

o c¢Te™ — ete X exclusive MC:

ete™ 5 ete™ KT K~ GALUGA, 5.4M 7.4xdata ete™ = eten/ EKHARA, 5.43M 5.55 x data
ete™ 5 eTentr™ GALUGA, 5.42M 0.64x data ete™ = eteete™ DIAGS6, 365M 4.0xdata
ete™ = eTe™n EKHARA, 5.43M 5.15 x data ete™ = eteut ™ DIAG36, 108.94M 1.0xdata

a (USTC)



Data Set & MC Samples Signal MC truth

Signal MC Truth

M(K%K%) and N(~isr)

10 = 10
10° E
_ i
3w LE
& F 10° =
e E
1 15 2 25 3 35 4 0.5 1 15 2 25 3 35
M(KIK?) (GeV/c?) N(Y,g,)
e The kaon form factor is obtained by Bruch, Khodjamirian and Kiihn.
e Phokhara considers NLO ISR effect.




Event Selection & Selection Results ISR Photons and Charged Tracks Selection

Preliminary Selection

Good showers and ISR photon selection
® Eihower > 25 MeV (Barrel, |cosf| < 0.83)
e Eghower > 50 MeV (EndCap, 0.85 < |cosf| < 0.93)
e EMC time: 0 < t <700 ns

1< Ngo0d showers <20

The most energetic shower should have an energy exceeding 0.4 GeV,
which is regarded as the ISR photon.

Charged tracks selection
o |V,] <20 cm and |cosf| < 0.93, no requirement for V,
e PID: prob(e)<prob(r)
o Ny=N_=1

Huiliang Xia (USTCQC) el e oK; via IS 2025/11/12



Event Selection & Selection Results ISR Photons and Charged Tracks Selection

Preliminary Selection

Vertex fit for K9
e Decay point is reconstructed by a vertex fit of the 7+ and 7~ tracks
o |M(rntr™) — Mli){]o?G| <0.05 GeV/c?
e A successful secondary vertex fit
o Ljo,>2

1C kinematic fit for Ky (low energy region, /s < 1.2 GeV)
e Include the ISR photon, K% and a missing K track.
e Fix the mass of K? to the value provided by PDG.

3C kinematic fit for K (high energy region, /5 > 1.2 GeV)
e Looping good showers other than ISR photon.

e Regarding the shower with minimum y? as K% shower.
e O(KY shower, fitted K%) < 0.5 rad.

Huiliang Xia (USTCQC) el e oK; via IS 2025/11/12



Event Selection & Selection Results Further Selection

Further Selection

- = T,
tul WAL

!

%WWH»)‘)HHH;~»w»

1.2<M(K’K])<2.2 GeV/e?, 3C

S/VS+B
S/\S+B

MKK])<1.2 GeV/e?, IC

= n 0 9
Lie %ic

e S: scaled signal MC. e S: scaled signal MC.
e S+B: data. e S+B: data.
° X?C is required to be less than 10. ° XZZ’,C is required to be less than 30.

Huiliang Xia (USTCQC) etTe oK; via IS 2025/11/12
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3

e Side band:
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e Signal region:

IM(xtn—) — MI;]ODG| < 0.012 GeV/c2.
s

o Side band:
0.035 GeV/c2 < [M(zntx—) — MI;{)DG\ <
3
0.047 GeV/c2.




Event Selection & Selection Results

M(KZK?)

+ data
B signal

Events / 0.001 GeV/c?

- il 4ttt L
HHf ww(“u‘w H 1

7 715 T2

M(KOK ) (GeV/cZ)

: #
By~ e

o M(K%KY) < 1.2 GeV/c?
e 1C fit.
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{ data
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M(KOK )" (GeV/c?)

Events / (0.04 GeV/c?)

o 1.2 < M(KYKY) < 2.2 GeV/ 2.
e 3C fit.




Hadron Topology (1C)

rowNo decay tree number
1 z%wow'*'ﬂ'_’yF'yF 63
2 2o m0xtr—AF 48
3 o= 7OKY KOyF, KY — 7t n 39
4 z— 70x0xtn—yFyF 28
5 ¢ — m0nOntn—qF 25
6 = nd,m — vy, & — KK, K(:, S atn 19
. T — vgamsy, vgam — Mo, 1
n— v, b — K KD, Ag, - rta— 3
8 z— Kt K= ~FyF 13
9 z— KTk ~F 11
) 0,0.f ,0 0 70
10 o — 7%ad~S, o - KOKG, .

K9 - 70720 KO & xta—

2)

Events / (0.001 GeV¢:

1000 —
' data
C I signal
o I ee
e
00— [
C hadrons
- T
“ I eeX
20

047 048 049 05 051 052 053 054

M(mr) (GeV/c?)

e The peaking backgrounds of M(Kg.) are the channels with Kg.
e Considering 7°K$KY and ¢n.




Hadron Topology (3C)

rowNo decay tree number
1 T — 7r07r07r+7r_'7F 16
2 z— 70xtp— oy Fy F 11
3 z— 70xt o= F 10
4 z— 7OKOKO~f KO 5 xtn— 5
X3 S
5 z — 7r07r07r+7r_'yF'yF 4
6 T — 7r+7r_'yF'yF 4
7 = nw,n — vy, w — w0x T 3
8 o= KOuArd, K — atx =, A — 700 2
9 T — K(sj,nf\ﬂ(f, KY -t A > %% 2

o Considering 7°K%KY and K%nA(K%nA).

Events / (0.001 GeV/c2)

! data
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Background analysis = én

¢n: MC Estimation

Vs =4.178 GeV, 1C fit method, n — 7.
e Generating MC with reference to
Phys. Rev. D 104, 032007 (2021) and Phys. Rev. D 108, 112011 (2023).
o 0% (¢m) = 12.126 pb and Ly, = 3149.5 pb™ " at /5 = 4.178 GeV

e Normalization constant:
% x 0.3936 x 0.339 x 0.692 = 3.58 x 1073

«
> >0
> >
O 2 o
z, X 3.58 X
= 3 e
Z 10~ :
g g
g, g,
m o
Ey—" T i) ; 3 T T
M(KKY) (GeV/e?) M(KK}) (GeV/e?)

N = 46.69£0.82

Huiliang Xia (USTCQC) el e oK; via IS 2025/11/12



nKIK] Cross section

K{7)) (nb / 1 MeV)

.
ok}

!
EI T R T S R A

\s' (GeV)

2
M(K(KY) (GeV/e)

o ™KK cross section. e 1C kinematic fit.
e PHSP MC, 10M.

e Born process: M(m"K%KY) > 3.7 GeV/c?

e ISR process: M(m"K%K9) < 3.7 GeV /¢

3 35

z
M(KKY) (GeV/e)

e 3C kinematic fit.




Born Process: Data Driven

Vs =4.178 GeV, 3C fit method.

00457 0.045] 08|
00s™ ass T o8
0w o038 e 07k
0052 01,5 K3KD) o0 - PR [
@ozs— | [ ] wozsE- - —_— Fost
£ 0.02] - —_—
P -
oot~ o3 e
oot O D0 o2 (7,5 KsKD)
e(n'KKD) Ot
0005 o e(nKIK])
O | IR I , I T TR
T e gy, S EE TR R L S A L S
MKK;) (GeVieh) MKK) (GeVich) M(K(KY) (GeVic?)

o c(nisr KYKY) is the efficiency of 7KK applied visg K4K) selection
criteria

o =(m"KYKY) is the efficiency of 7 KSKY applied m° KSKY selection criteria




ground analysis

Born Process: Data Driven

o -
o I
8 et o8] T )
g My (RKIKE) ok g My, KK
z R Z.:
= X i — 5L J(
3 od p——
+HﬂHHH fft HHH
é + o e, KK a J[
ol e(n°KK!)
o T R v R R wﬁ“m(oewcz) 2

o Myoyo(n°K3K}) is data applied 7°KgKj selection criteria.
e Result:

20.40+3.71

{ia (USTCQC)



ound analysis

ISR Process: MC Estimation

/8 =4.178 GeV, 3C fit method.

o

Cross section

Effective luminosity,

Event number

N(K‘;liw) (1 MeV)
T

\s'(GeV)

%

\s' (GeV)

3 35 0 75 7 25 3 e

18 (GeV)

N(eTe™ — ysrm K2KY) is calculated as 59174.6
N(ete™ — mspm? KOKY — yisprlmtm— K9 ) = 59174.6x0.692 = 40948.82
Normalization constant: 49248:82 — ( 9140

2925532

x0.0140

Events / (0.04 GeV/c?)

S
[

(USTC)

N =
46.9840.82

Events / (0.04 GeV/c?)

T
5 A

"3 n\‘7 1‘5 \‘9 K]
M(KKY) (GeVie?)

72
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KinA (KinA): MVA

Vs =4.178 GeV, 3C fit method.

S/VS+B

—signal
KA

J

—signal

KA

T

oM Geley

Dw —signal
E“’ —K3A
; S
gn
e L
U Mk ey T T

e Signal MC is scaled to the same size as
K%nA MC.

e Input variables:

seed energy of visr

3 x 3 energy of yisr
lateral moment of ~igg

total energy of visr

e Requiring MLPBNN score>0.2.




ackground analysis

Results

| o
Wsona
Bl et scebor

W= wsn)

i .05 K] 15 12

MKK}) (GeV/ic?)

o M(K2K)) < 1.2 GeV/c?
e 1C kinematic fit.

Huiliang Xia (USTCQC)

Events / (40 MeV/c?)

| data

. signal
[l ot sice ban
. T KK(ISR)

TKK(BORN)

e TR
E 13 14 15 16 17 18 19 2 21 22

M(KKY) (GeV/c)

e 1.2 < M(KYKY) < 2.2 GeV/ 2.
e 3C kinematic fit.




Results

| data
M sional
[ cata side band
[ = KK(SR)
7 KK(BORN)

Events / (1 MeV/c?)

K] E.—«»—\—*ﬁ».-_-.-,W»»_,,,,:.,',w««ww‘mx«qmu,.f,wy} R

1 105 A8}

M(KKY) (GeV/c?)

115 12

o M(K2KY) < 1.2 GeV/c?
e 1C kinematic fit.

++ |

. signal
[l cta sice bana

L ELSE)

+
+

Events / (40 MeV/c?)
-+
—+
+
—+

7 KK(BORN)

E - s
o5
: -+
R e e
010 2.
M(KKD) (GeV/e?)

o 1.2 < M(KYKY) < 2.2 GeV/c?.
e 3C kinematic fit.




M(K(KD)<1.2 GeVie?

A
VS-M(KJK}) (GeV/c)

o S 10*
v 10°
10 ”
MKIKI)<22 GeVre?, 1C ° M(K(K})<22 GeV/e2, 3C A
[ e E S P s N s
Ey (Gevied) E,; (GeV)
. - 2
o Mruth MESS — 5.97 MeV/c? Mruth — MEES = 11.90 MeV /¢
KIKY KIKY

e An unfolding process is necessary for low energy region.




lution and Unfolding Unfolding

Unfolding

Graph d vector after orthogonal transformation
®OE 107
170 1
E 10
160—
50 {s=4.178 GeV, thr. to 1.2 GeV ; M e o~ monnard.
E il e LJHMU HH
140— £
130 0
120; F
£ 102
10— E
:\\\l\\l‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ 1017\ N I I [ S S S S
2 4 6 8 10 1 18 20 X 10 20 30 40 50 60

reg

2 _ (Nunfolded — Nerun)*
e X = Zbin

2
T truth

e Unfolding region: from threshold to 1.2 GeV/c2.
e Choosing kg = 7.




Cross Section  Cross Section

Cross Section

e Cross section calculation formula:
(deg/dMKOKO )unfolding
UKOKO(MKOKO) B(KS—rtr— e du:,m/dMKoK0

(dNsig/dM, KO Ko)unfoldmg is the ratio of the signal event number in each
bin to the bin Wldth

¢ is the efficiency calculated by signal MC.

B(K% — « ™) is the branching fraction of K% — ntr
dﬁim/dMKoK(g is calculated by dﬂint/dMKfs)KfL) = W(s, z) - Lint, and W(s, x)
is described by:

2

W(s,z) = kab 11+ &(% — D)4 3p4 (37 - = Ly 5]
k(1= a) 4+ LRMAE - gL - B30 g gy 64 g,
k=22(n-2 —1),z=1- L.

Huiliang Xia (USTCQC) el e oK; via IS 2025/11/12



Cross Section VP correction

VP Correction

e In perturbative theory, the vacuum polarization (VP) changes the form of
the photon propagator in following way:
—iguv N —iguv
¢ ¢*(1-11(¢?))
e ¢ is the square of the momentum of the propagator.
e Due to vacuum polarization (VP), the Born cross section will be modified
to:

a%(¢?)
(@) > aier
e Adopting the VP factors of the Fred Jegerlehner group.

— Luarlw caleulation

— Fred Jegerlehner

Ay (%) 1-I(s)P
I S
[ T T T T T T T

e
3




Cross Section  Results

Results /s = 4.178 GeV

; W it o
L

M(KOK ) (GeV/cz)

e Uncertainties are statistical only.
e A gap around M(K%K?) = 1.2 GeV/c

Huiliang Xia (USTCQC) el e > via IS 2025/11/12



Cross Section  Results

Results /s = 3.773 GeV

~
He)
=]
=
=i
o
=
Q
&
% ++"_'“+
3 + _|_+
—
1

IR T T

M(KK?) ) (GeV/cz)

e Uncertainties are statistical only.

Huiliang Xia (USTCQC)
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Section = Results

—_
He)
=
N
=
2
N
8 —
-

« + L+t
©n -|— +
g1 + +
—
5 TR

1

P I S IR I N I S S

1.8 2 22

M(KK?) (GeV/c?)

e Uncertainties are statistical only.
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Cross Section

Results

Comparisons between BESIII and other

Experiments

Cross Section (nb)

I CMD-3

I BABAR

I BESIII R-scan

P T
14 1
M(KKY)

e Uncertainties are statistical only.

Huiliang Xia (USTCQC)

(GeV/c?)
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Summary and Outlook

Summary and Outlook

Summary

e The event selection criteria have been optimized.

e Preliminary cross sections have been obtained.

e The results are broadly consistent with those of other experiments.
Outlook

e More check about MVA.

e Finish systematic uncertainties analyzing.

Thank You!

(USTC)



. PBeckUe _____________________________
Unfolding

Graph d vector after orthogonal transformation

28

3

27

S

M(KK?)<1.2 GeV/e?, {5=3.773 GeV
261

3

25

24

=)

23

S

22/

3

3
T[T T T TOT T T[T T[T 7T

107

T

co e b b b b Lo b L L Loy
4 6 8 1 1 1 16 2

k'ﬂg

o /s=3.773 GeV.
o kg = 4.




Systematic Uncertainty (remain ongoing)

Uncertainty Source(1C) Method Uncertainty Value(%)
0.71(v/5 = 3.773 GeV)
1.2(y/5 = 4.178 GeV)
ISR photon detection - 1.0
K% branching fraction - 0.08
m PID
N.=N_=1

Effective luminosity -

1.1(pK2 < 1.0 GeV/c)

) ‘ .
K?, reconstruction Control sample 1.0(pgo > 1.4 GeV/¢)

Xio <10
MC model
rOKIK
o
other peaking backgrounds
Side band
Unfolding
VP factors

Huiliang Xia (USTCQC) eTe” — oK; via IS 2025/11/12
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