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BEPCII & BESIII as Tau-Charm Factory

Beijing Electron Positron Collider Il
(BEPC 1)
Storage Rings

Electromagnetic Calorimeter (EMC)
« Barrel o05/E =25%@1GeV/c
Endcap g5 /E = 5.0% @ 1 GeV/c

SR, &RF, d

Circumference 240 m
0.92 ~ 2.48 GeV
1.1x1033 cm™2%s~1

1.89 GeV

Beam Energy

Luminosity

Optimized at

Beijing Spectrometer lil
(BESIII)
Detector Geometry

Time-of-flight (TOF)
 Barrel o = 68ps
 Endcap g7 = 60 ps

Main Drift Chamber (MDC)
e 0p/P =05%@ 1GeV/c
* Odg/dx = 6%

e AQ/4T = 93%

Muon Counter (MUC)
¢ Pcut—off = 0.4 GeV/c
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BESIII Data Sample
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New Physics Searches at BES

« Rare processes in SM

« Charmonium weak decay <
* Flavor Changing Neutral Current (FCNC)

« Symmetry violation processes
» CP violation <

/ Electroweak interaction

P
<

/+ Sakharov conditions

« Baryon Number Violation «
« Charged Lepton Flavour Violation (CLFV)
» Lepton Number Violation

* Other symmetry

 Dark sector

Neutral Lepton Flavor Violation

Majorana neutrino

Matter >
-Antimatter
Asymmetry

Neutrino
Oscillation

Rare in SM




New Physics Searches at BESIII Selective update

Charmonium weak decay <« / Electroweak interaction

Flavor Changing Neutral Current (FCNC) <

Rare in SM

Matter >
-Antimatter
Asymmetry

Charged Lepton Flavour Violation (CLFV)

Other symmetry (Bose symmetry)

Neutral Lepton Flavor Violation

Neutrino
Oscillation
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» Rare processes in SM
« Charmonium weak decay




Weak Decay

Charmonium weak decay Introduction

Weak decays of y — D((;‘))X are kinematically allowed, but rare in SM.

Inclusive branching fraction (BF) is ~ 1078, exclusive BFs will be lower.

New physics (NP) may enhance it to be observable.

« According to Feynman diagram topology * According to CKM matrix element
« Semi-leptonic W-external » Cabibbo favoured (CF) c—s
* Hadronic W-external, W-internal *  Cabibbo suppressed (CS) ¢ - d
w w } M+ } MO
c 0t c d c W d
A A A
c q c S c u
a\ } o “\ } o “\ } -

> Semi-leptonic decay » Hadronic decay (Wexter) » Hadronic decay (W
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Charmonium weak decay J/yY —» D°K*O

« Reconstruction c w d
« D% - K*e~¥,(suppress hadronic backgrounds) 7/% {
J— C u
e KO 5 K rt a\ }
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» Selection é @
« Final states K*K nte~
« Missing patrticle Ve Uniss = Emiss — Pmiss = 0
« Intermediate states K*, D° M-+ = Myo, MO - Mo
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Charmonium weak decay J/yY —» D°K*O

[y
<
T

] Data

C Fit result, x%ndf = 0.6

8 | e Signal, N=-1.8 = 2.9
---------- Background, N = 60.8 = 8.4

« Blind analysis
» Selection criteria are determined by MC samples
* Not unblind data sample until analysis procedure finalized
« To avoid involuntary bias
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 Signal extraction
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Charmonium weak decay Others

J/¥ - Dse*v, J/¥,¥(2S) - Dgp*,Dym”

« CF Semi-leptonic decay ve « CF Hadronic decay u

* Reconstruction of Dy ) " . * Reconstruction . . ; },,+/7,+
* Model : KJK~ J/¢{ * Dy > de v, w{
« Modell : K*K~m~ g s « ¢ > KK~ g s
* Mode lll: K*K~n~n° “\ } D; « pt > mtrd A\ }Ds‘
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Charmonium weak decay

« Update
* 4 ULs improved 1~3 orders of magnitude.
e 2 ULs are first measurements.

» Current status
* No signal evidence
« UL pushed to 1077 ~ 107°.
* Few channels need to be updated.

« BESIIl advantages
« Largest on-threshold charmonium samples
» Comprehensive research for ] /y weak decays
» The strictest UL of charmonium weak decays

BESIII brief summary

J /v and 1 (2S) weak decay channels (updated 2026-05-27)

J/p — D;et v,
J/Y — Di etv,
J/ — D et v,
J/p — D~ pty,
J/¢p — D p*
J/Y — Dywt
J/¢ — DOK*04
J/v — D°K?]
J/Y — DT
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» Rare processes in SM

 Flavour Changing Neutral Current (FCNC)




FCNC decay Introduction

* Flavor-changing charged current c — s(d) somns
e« cos(W?*, Wt - £tv,/ud
* Flavor-changing neutral current cC—>u
e cCouy Weak
) down-type: i\
Suitable for BESII > FCCC ¢ - s(d) > FCNC ¢ > u
« coulte a/s/b g
°* C—Uvv
C u
* ¢ - u is the most strongly GIM-suppressed o - w
FCNC transition. > ¢ - uy (Penguin)
« Feynman diagram topology Ve oz 8
* Penguin wW d/s/b
w £
* W box c— S . y

P
d/s/b 17

> ¢ > uftf” (Box) > ¢ - uft¢~ (Penguin)
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FCNC decay
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FCNC decay

Background Veto, eg.
« Mode l: J/y - KdK~nt, ] /¢ — 4n
* My+q- & MKg
* My & My

Blind analysis

Signal Window Mo+,

Simultaneous fitting with 3 tag modes

Result

« BJ/Y » Dty +cc) < 1.1x1077 @ 90% CL

JHEP 04, 061 (2025)
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FCNC decay

J/¥ - D%
s couy
 Reconstruction of D°
* Model : K~ n?
« Modell : K~ n*r®
e Modelll: K r~rn*r?

d/s/b '

> ]/ - D% (SD)

Phys. Rev. D 110, 112012 (2024)

Others

D —» h(h)ete~
e c o> ubte

» Reconstruction of D
- D? - 3 tag modes
« D™ - 6 tag modes

> D - Xete™ (SD) > D - Xete™ (LD)

arXiv:2603.15575




~ BESWl WeakDecay ~  FONC ~ GCLFV  BoseSymmetry  Summary
FCNC decay

« Update
« Wide coverage on charm mesons, charmonia are

also included

e Current status

ULs reach LD scale

« BESIIl advantages

» Unique charmonium FCNC searches

« Strong threshold constraints for invisible open-

DO,Y,
DOH+N_ ,
DYete
D% te

Atpete1

Charmonium FCNC decay channels (updated 2026-05-29)

charm modes

first @ <
first @
@)
fe) @  Latest Data Set
‘ O  To be updated o
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Upper limit of branching fraction at 90% CL
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BESIII brief summary

Charm meson rare decay channels (updated 2026-05-29)
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« Symmetry violation processes
« Charged Lepton Flavour Violation (CLFV)




CLFV decay Introduction

Neutral lepton flavour violation Vg = Vg

Charged lepton flavour violation g > 4p

» Highly suppressed by tiny mass of neutrino (Am;; /Mﬁ,)2
» Free from SM background
* Any observation will be clear signal of NP

Effective field theory (EFT)

* Lomprr = Lsm + AT > Ci(5)00=5 4 ..
* Wilson coefficient C

. 4 q 41 g L1
* For quarkonium
hd LEFTzLD +L{)q +£’G+ B
- qq(JP) — ¢,¢, are sensitive to different C _ _ _ _
qq(J") - 41¢; Z q 7, O 7
» Dipole » Four-fermion » Gluonic

(LD: 0D=5) (Li’qr 0D=6) (LGr 0D=7)




CLFV decay

 Clear kinematics

 High requirement in particle ID 4559 FIERERNE:

0.15 Signal MC

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

« Continuum backgrounds ee(y), uu(y), Tt

Probability / 0.01

0.4:

0 02040608 1 12

E/p

0.2

5 —e (a)

Qo.15sp 4

=T K

£0.05}

O R

S olihessd, P,

T 0510 20 30 20 30 60
Depth/cm

Y

u 1D (penetration depth)

YP(2S) > eu

* Result
« B(y(2S) - eu) < 1.4x1078 @ 90% CL

« V - £,¢, is sensitive to

. Pi : {103
Dipole one in £, CpL/DR
. : qt1t2 ~qf1t>

* Wilson coefficient
¢ [C/N| o< \[BV > 4, 4,)

Wilson coef./GeV~=2  y(25)

—4
Cot1pr/ 2 7.3x10
CCeH -6
Corhyr/ N 6.0x10
ceu
TL/TR/AZ 2.7




CLFV decay n - ep
1  Result
l / « B(n' - eu) < 6.3x1077 @ 90% CL

o ~e

High requirement in particle ID e*

« P> ¢,¢, is sensitive to

Clear kinematics * Pseudoscalar, axial one in L, ¢tttz catats

PL/PR’ “AL/AR

. i i 014>
Gluonic one in L; CeL/er

Clean backgrounds around signal window « Wilson coefficient

» Signal window Myecll — M,/

‘%\ 4; —— Signal MC ¢+ Data ¢ |C/A2| X \/B(V - 1?1{2)
S 3.5 [ Inclusive MC ] Continuum
S 3
& 25| Wilson coef./GeV=2 n'(q=u,d) n'(q=-s)
< 20 |
g1s | YATILS 74x107%  6.8x1073
Tosp Fh Chet, o /2 14x10%  1.3x10°
0.9 092 094 0.9 0.98 102)
recoil (GeV/ eu 2 2
" Cat gl 1.8x10




~ BESW WeakDecay ~  FONG  CLFV  BoseSymmetry  Summary
CLFV decay BESIII brief summary

> ULs on the Wilson coefficients from

« Update
F-) UL of n’ — eu improved 3 orders of magnitude C/A°VGeV™ ' (q=ud) n'(q=5)
« (2S) - eu is first measured Cupjar/ N 74x107°  6.8x107°
* 7 > epis also in plan Coppr/ N 1.4x103 1.3x103
« Current status Car Jer/ N 1.8x102
* No signal evidence
 The strictest ULs of quarkonium CLFV decays IC/N*/GeV™ &1y - 8] / 1/’0_4 - 2(21?—4
+ BESIIl advantages ctats - 5:0i10_5 3x1
» The strictest limit on |Cf] pp/A?| ut 2.6x1074 o
« Competitive limits on other Wilson coefficients e 1.8x107° 6.0x107°
cinz/n|  er 11x107° -
ut  5.5x107° ---
el 0.80 2.7
|ciimz/n2| et 023
UT 1.2 —--
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« Symmetry violation processes

* Bose symmetry violation




Bose symmetry violation

* Angular momentum conservation
* 17 - PP requires PP in L = 1 state

« Bose symmetry

« Bose-Einstein statistics requires identical spin-0
boson system in L-even state.

« Quantum entangled state
P> K°K°, =(K°K®) — |K°K®))

- If ignore CPV, i.e. \/iz(lKSKL) — |K,Ks))

| P P
d u S
K° w w K°
5 U d
.| < .

Xiaokang Li (lixk@stu.pku.edu.cn)

Search for rare charm decays at BESIII

Bose Symmetry

J/, p(2S) > KIK?

« KY9-K9 oscillation contribution
B/~ KIK) ~107°
« B(y(2S) - KIKJ) ~ 10710

« CPT violation
« |i) « (JK°K®) — |[K°K®)) + w(IK°K°) + |[K°K?))
. 2 ~ B(Y—>KsKs)
ol = ke
« Some quantum gravity models imply w ~ 1073,
|e B(lp - KsKs) ~ 10_10

« EPR locality theory
« K9 K° evolve separately
* B(y) > KsK;) ~107°

25/ 31



Bose symmetry violation

* Reconstruction
« KQ>ntn™
- Secondary vertex of K
» Selection
« Pairing m*n~ by vertex
» Decay length L/o; > 2
« Four-momentum constraint yZ.

 Signal Window

N+q-$h@

* DPks, VS Pk,

(GeV/e)
(GeV/e)

p
p

=50

1.78
Po (GeV/e)

J/, P (2S) - K2K?

0/@
®

* Result (90% CL)

- B/ - KIK?) < 4.7x107°
« B(y¥(2S) » KJKQ) < 1.1x1078
» Exclude some EPR locality theories
J /1 and 1 (2S) neutral-kaon channels (updated 2026-05-29)

] |
J/p — KIKY . ) ! o
P(2S) - KoK ! () ! shs
J/Pp — KOoKY+ mms CPT violation scale PDG @
/ ﬁ {; — = SM CPV prediction ng Kg
¢(2S) - KSKLr = = EPR locality prediction PDGC @

10 10°  10® 107 10 10°  10*
Upper limit of branching fraction at 90% CL
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Summary

Summary

 BESIIlI Data Sets

* Most on-threshold charmonium -10.0B J/y 2.71 B Y(2S)
« Pair-production charm mesons -20.3fb~1 D°D® 7.33fb~1 DD,
* New Physics searches overview
s Y- D((;))X Exclusive ULs still 2~3 orders above SM, exclude aggressive NP enhancements.
s coUu ULs touch the LD scale; charmonium FCNC is accessible nowhere else.
e Y- 4P, The strictest BF ULs and the best bound on the ef dipole coefficient.

« J/Y,P(2S) - KQKJ Unique probe to multiple symmetries.

« Upgrade
- BEPC Il &d BEPCII-U: ~ 3x luminosity @ Ep..n = 2.35 GeV, enable larger charm-threshold samples.
« BESIII: inner MDC &d CGEM-IT, improve rate capability and secondary-vertex reconstruction.

Xiaokang Li (lixk@stu.pku.edu.cn) Search for rare charm decays at BESII| 28/ 31



Channel

Latest

Previous

J/p — D;etve
J/p — D et
J/Y — D et
J/p = D™ ptu,
J/¢Y — Dy p*
J/Y — Dyt
J/ — D°K*°
J/i — D°K°
J/— D xt
J/p — D™ p*
J/ — D=°
J/¢ — Dy
J/p — D°p°
$(28) = Dy nt
$(25) — D7 p*
P(28) = AFET
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09386
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arXiv:

arXiv:

arXiv

arXiv:
arXiv:
arXiv:

arXiv:

2310.
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2207.

07277
07277
07277
07277
07277
01777
01777
10877

arXiv:hep-ex/0604005

arXiv:hep-ex/0604005
arXiv:1402.4025
arXiv:0707.3005
arXiv:1402.4025
arXiv:0707.3005

J/ — D;etv,]
J/¢Y — Di"etv,]
J/Y — D et v,
J/Y — D uty,]

I/ — Dyp*{

J/Y — DT
J /v — DOK*
J/vy — DK
J/Y — D wt
J/¢¥ — D™ p™]
J/¢p — D=1
J/p — D

J/¢¥ — D°p°

¥ (2S) - Dyt
¥(25) — Dy p™]
P(28) = AFZ

J /1 and 1 (2S) weak decay channels
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Reference

Charmonium FCNC decay channels (updated 2026-05-29)
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Reference
Channel Reference
b — eTpuF arXiv:0911.1232
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Quarkonium

eu et UT
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0(107%) ~ 0(1077)




