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CsI(Tl) Electromagnetic 

Calorimeter (EMC)

Endcap: ɝ%Ⱦ% υϷͽρ'Å6

Barrel: ɝ%Ⱦ% ςȢυϷͽρ'Å6

Multilayer Drift Chamber (MDC) 

ῳὖȾὖ πȢυϷͽρὋὩὠ

„ Ⱦ φͯ χϷ
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BEPCII & BESIII
Beijing Spectrometer(BESIII) Detector

Beijing Electron Positron Collider II

Beam energy : ρȢπḐςȢτυ'Å6

Luminosity : ρ ρπὧά ί

Optimized energy : ρȢψω'Å6

Energy spread: υȢρφρπ

No. of bunches: 93

Interaction 

Point

Muon Counter (MUC)

Time-of-flight (TOF)

Endcap: ʎ φπÐÓ

Barrel: ʎ φψÐÓ
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BESIII: Data sample

╙Ⱦⱶresonance: ⱶ : Ȣ

ⱶ : █╫

Ȣ ͯ Ȣ ἑἭἤ: 

Ȣ █╫

ἑἭἤ: █╫

Å BESIII has the largest on-threshold charmonium data

sets in the world!
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BESIII: New physics searches at

New 

Physics

Topics

Process allowed in 
the SM, but rare:

Process not allowed 
in the SM at tree level:

Process not allowed 
/existent in the SM:

ÅCharmonium weak decays

ÅCharm meson rare radiative and leptonic decays

ÅVery rare processes beyond prediction

ÅFlavor Changing Neutral Current (FCNC)

ÅCharged Lepton Flavor Violating (CLFV)

ÅViolation of CP and other symmetries

Å Lepton/Baryon Number Violation (LNV/BNV)

Å Lambda oscillations

ÅExotic resonance searches

Å Invisible signatures

Åȱ
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J/ʕweak decays

Charmonium weak 
decays

Experimental upper 
limit (@90% C.L.) events

ὐȾ‪ᴼὈ” ψȢπ ρπ ρ
"%3)))ρȢπρρπ

ὐȾ‪ᴼὈ“ τȢρ ρπ ρ

ὐȾ‪ᴼὈ” φȢπ ρπ ς

"%3)))ρȢπρρπ

ὐȾ‪ᴼὈ“ χȢπ ρπ ς

ὐȾ‪ᴼὈ” υȢς ρπ ς

ὐȾ‪ᴼὈ“ φȢψ ρπ ς

ὐȾ‪ᴼὈ– τȢχ ρπ ς

ὐȾ‪ᴼὈ‘’ υȢφ ρπ σ "%3)))ρȢπρρπ

ὐȾ‪ᴼὈ Ὡ’ χȢρ ρπ τ "%3)))ρȢπρρπ

ὐȾ‪ᴼὈ Ὡ’ ρȢσ ρπ υ "%3)))ςȢςυρπ

ὐȾ‪ᴼὈᶻὩ’ ρȢψ ρπ υ "%3)))ςȢςυρπ

[1] arXiv: 2506.09386 (2024)

[2] Phys. Rev. D 110, 032020 (2024)

[3] JHEP 01, 126 (2024)

[4] JHEP 06, 157 (2021)

[5] Phys. Rev. D 90, 112014 (2014)

Fig.(a) The leading-order Feynman diagram of ὐȾ‪ᴼ

 Ὀ“ and ὐȾ‪ᴼ Ὀ”

Fig.(b) The leading-order 

Feynman diagram of ὐȾ‪ᴼὈ“ , 

ὐȾ‪ᴼὈ” and ὐȾ‪ᴼὈ–

Fig.(c) The leading-order 

Feynman diagram of ὐȾ‪ᴼ

Ὀ“ and ὐȾ‪ᴼὈ”

Fig.(d) Feynman diagram of *Ⱦ‪ᴼ Ὀ ὰ’at tree-level.
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J/ʕweak decays: ╙Ⱦⱶᴼ╓▼ⱬ  & ╙Ⱦⱶᴼ╓▼Ⱬ

Å Theoretical predictions within the SM: ￼

arXiv: 2506.09386 

╙Ⱦⱶᴼ╓▼ⱬ

╙Ⱦⱶᴼ╓▼ⱬ

╙Ⱦⱶᴼ╓▼Ⱬ

╙Ⱦⱶᴼ╓▼Ⱬ

Å Using Ȣ Ȣ

J/ϫevents

Å Tagged mode:

ÅὈ ᴼ‰Ὡ Ӷ’, ‰ᴼὑ ὑ

Å” ᴼ““ , “ ᴼ‎‎

Å Upper limit results (at 90% C.L.):

Åּק╙Ⱦⱶᴼ╓▼ⱬ Ȣ

Åּק╙Ⱦⱶᴼ╓▼Ⱬ Ȣ

Å Upper limits have been improved

by 1~3 orders of magnitude
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J/ʕweak decayscontaining a D meson

ὐȾ‪ᴼὈ“ ὐȾ‪ᴼὈ– ὐȾ‪ᴼὈ” ὐȾ‪ᴼὈ“ ὐȾ‪ᴼὈ”

Phys. Rev. D 110, 032020 (2024)

Å Using Ȣ Ȣ J/ϫevents

Å Tagged mode:

ÅὈ ᴼὑ Ὡ Ӷ’ ,  Ὀ ᴼὑ ““ Ὡ Ӷ’

Å“ ᴼ‎‎,  –O ‎‎,  ” ᴼ““ ,  ” ᴼ““
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Fig.(c) Feynman diagram of FCNC process *Ⱦ‪ᴼὈὰὰ.

ὰ

ὰ
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FCNC decays

Å Flavor -changing charged currents (FCCC): 

Å Transitions such as ὧ O  Ὠίὰὰ, ὧO ὨίόӶὨ

Å Allowed at tree level in the SM

Fig.(a) Feynman diagram of FCCC process *Ⱦ‪ᴼ Ὀ ὰ’at tree-level.

Fig.(b) Feynman diagram of FCNC process *Ⱦ‪ᴼ‎Ὀ .

Å Flavor -changing neutral currents (FCNC):

Å Transitions such asὧO ό‎,ὧ O όὰὰ

Å Only allowed at loop level in the SM

Å Highly suppresseddue to GIM mechanismᴼ lower BFs

Å New physics models beyond the SM (Top-Color model[ 1],

the supersymmetry extensions of the SM with or without R-parity

violation[ 2], the two -Higgs doublet model[ 3], dark sector[4,5], ȱ)

suggest BFs of FCNC processes may be largely

enhanced
[1] Phys. Lett. B 345, 483 (1995) 
[2] Phys. Lett. B 119, 136 (1982)
[3] Phys. Rev. D 15, 1958 (1977)

[4] Phys. Rev. D 102 (2020) 015023
[5] Phys. Rev. Lett. 94 (2005) 151802  
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FCNC decays: J/ʕŸ D0 ‘‘

JHEP 04 (2025) 061

Å Using Ȣ Ȣ ╙Ⱦⱶevents

Å Reconstruct D 0:

ÅὈ ᴼὑ “ (mode I)

ÅὈ ᴼὑ ““ (mode II)

ÅὈ ᴼὑ “““ (mode III)

Å Result is consistent with a background -only hypothesis: 

Å simultaneous fit yields ὔ πȢρ ρσȢυ

Å Ⱦⱶᴼ╓ⱧⱧ╙קּ Ȣ ͽ ϷἍȢἘȢ
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FCNC decays: J/ʕŸ‎D0 +c.c.
Å Using Ȣ Ȣ ╙Ⱦⱶevents

Å Reconstruct D 0:

ÅὈ ᴼὑ “ (mode I)

ÅὈ ᴼὑ ““ (mode II)

ÅὈ ᴼὑ “““ (mode III)

Å Result is consistent with a background -only hypothesis, 

╓♬Ⱦⱶᴼ╙קּ ╬Ȣ╬Ȣ Ȣ ͽ ϷἍȢἘȢ

Phys. Rev. D 110, 112012 (2024)
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Å Long Decay (LD) of ╓▼ᴼἰἰ ἭἭ :

Å╓▼ᴼⱫ▄▄ :Ὀ ᴼ“‰,‰ᴼὩὩ
Å╓▼ᴼⱬ▄▄ : Ὀ ᴼ”‰, ‰ᴼὩὩ ,
” ᴼ““

Å A radiated photon or an intermediate

meson

ÅGet rid of GIM suppression

Å BF in the SM ~ 10-6

14

FCNC decays:

Phys. Rev. Lett. 133, 121801 (2024)

Å Short Decay (SD) of ╓▼ᴼἰἰ ἭἭ :
Å╓▼ᴼⱫⱫ▄▄
Å╓▼ᴼ╚ Ⱬ▄▄

Å╓▼ᴼ╚╢Ⱬ▄▄
Å SD-only processes (FCNC decays) are

highly suppressedby the GIM mechanism

Å BF in the SM ~ 10-9

ÅSD-only processes (FCNC decays) are often overshadowed by the LD effects.

SD & LD contributions of╓▼ᴼ▐▐ ▄▄
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FCNC decays: ╓▼ᴼ▐▐ ▄▄

Phys. Rev. Lett. 133, 121801 (2024)

╓▼ᴼⱫⱫ▄▄

╓▼ᴼ╚ Ⱬ▄▄

╓▼ᴼ╚╢Ⱬ▄▄

╓▼ᴼⱫ ȟꜚꜚ ᴼ▄▄

╓▼ᴼⱬ ȟꜚꜚ ᴼ▄▄

Ȣ Ɑ

Ȣ Ɑ

Å Using 7.33 fb -1 data
Å ▼ Ȣ ͯ Ȣ ἑἭἤ

Å▄▄ ᴼ╓▼╓▼
ᶻᴜ , ╓▼

ᶻᴜ ᴼ♬╓▼
ᶸ

ÅObserved LD Ὀ ᴼ“‰ȟ‰ᴼὩὩ
with a statistical significance χȢψ„

Å First observed LD Ὀ ᴼ”‰ȟ‰ᴼὩὩ with a statistical 
significance τȢτ„

Å These LD BFs are consistent with ꜞ Ὀ ᴼ“‰ ẗꜞ ‰ᴼὩὩ
and ꜞ Ὀ ᴼ”‰ ẗꜞ ‰ᴼὩὩ from PDG
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LNV decays: Majorana neutrino

Neutrino oscillations

Ᵽ mixing angle

Neutrino mass 0 
(small value)

The SM should 
be extended

Å See-saw Mechanism :
Å Two statesof Majorana neutrinos, heavy’and light
’. We have just observed the light one.

ÅMajorana neutrino can be manifested through LNV
decaysby ╛

Å Neutrinoless double beta decay (0ʉɼɼ) is the most
promising way.

Phys. Rev. D 98, (2018) 096004 Phys. Rev. D 98, (2018) 096004

PRD99, 112002

PRD99, 072006

PRD106.112009

PRD109,L031101(2024)

CPC49 (2025) 043001

JHEP01(2025)109

PRD101, 031102(R) 

PRD105, 032006

PRD103, 052011

Belle
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LNV decays: ╓▼ᴼ▐▐▄▄

Å 6 signal channels:▐ :╚ ȾⱫ ; ▐ :ⱫȾ╚╢Ⱦꜚ

Cabibbo Favor (CF): Ὀ ᴼ‰“ὩὩ  

Singly Cabibbo Suppressed(SCS): Ὀ ᴼ‰ὑ ὩὩ , Ὀ ᴼὑ“ὩὩ

Doubly Cabibbo Suppressed (DCS): Ὀ ᴼὑὑ ὩὩ  

W-exchange (W-exc.): Ὀ ᴼ““ὩὩ , Ὀ ᴼὑ “ὩὩ

JHEP 01 (2025) 109

Å First measurement of four -body ɝ, ς$ decay

Å Somemodel predictions up toַײρπ

Å Using 7.33 fb -1 ὩὩ ᴼὈᶻὈᶸ data, taken between
4.128~ 4.226GeV

Å Using single tag method
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LNV decays: ULs of ꜞ ╓▼ᴼ▐▐▄▄
JHEP 01 (2025) 109 ꜞ @ 90% C.L.

Ὀ ᴼ‰Ὡ’ ᴼ“Ὡ

Å No obvious signal : ULs of BFs@90% C.L.

Å Search for Majorana ⱨ□ in ╓▼ᴼ ▄ꜚⱨ□ ᴼⱫ▄

Å Different assumption ofά from 0.2~0.8 GeV

Å Require invariant mass of “Ὡ to be within
ά υ„ȟά τ„

Å The ULs of BFs @90% C.L. as a function of
ά range from ρπ ρͯπ
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LNV decays: ꜚ ᴼⱫⱫ▄▄

Chin. Phys. C 49, 043001 (2025)

One possible Feynman diagram of 
‰ᴼ““ὩὩ

ÅUsing Ȣ Ȣ ╙Ⱦⱶ events

ÅTo avoid the large uncertainty from ꜞὐȾ‪ᴼ‰–:

)ɤϫ

Ϛ

ϩ
╚ ╚

‎‎

▄

▄

signal region

Comparison of data and MC 
(background modes)

ÅNo obvious signal events are found

ÅּקꜚᴼⱫⱫ▄▄ Ȣ ͽ ϷἍȢἘȢ
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BNV decays: Matter-antimatter asymmetry
Å To explain mater-antimatter asymmetry, Sakharov proposed three conditions :

ÅOut-of-thermal -equilibrium conditions in the early Universe

Å Charge (C) or Charge-Parity (CP) violation

Å Baryon Number Violation (BNV)

Å In Grand Unified Theory, proton can decay into light quarks, such asὴO Ὡ“ .

Å This mechanism simultaneously breaks BN and LN while conserving ║ ╛.

BNV decays קּ Ϸ╒Ȣ╛Ȣ
╤╟  Latest BESIII results

Ὀ ᴼὴὩȾӶὴὩ 220/120 PRD105, 032006 (2022)

Ὀ ᴼὲὲὩ 2910 (1430) PRD106, 112009 (2022)

ɤᴼὭὲὺὭίὭὦὰὩ 7400 PRD105, L071101 (2022)

Ὀ ᴼɤɫ Ὡ 110 (170) PRD101, 031102(R) (2020)

Ὀ ᴼɤɫ Ὡ 65 (130) PRD101, 031102(R) (2020)

ὐȾ‪ᴼɤὩ ὧȢὧȢ 6.9 PRD99, 072006 (2019)
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ά‏ : transition massbetweenɤandɤ

ɝὉȾ : energy split (neglected here)

Å The oscillation parameter‏ά :

† ςȢφσςπȢπς ρπ : meanlife time ofɤ

Å Searching for ὐȾ‪ᴼɤɤandὐȾ‪ᴼɤɤwith ρȢππψχπȢππττρπὐȾ‪events, result
@90% C.L.:

Å╝ ╝oscillation : many experiments; Other ÉÈÙàÖÕÚɀoscillation : few resultsȱ

Å K.-B. Luk : ☻ oscillation may also exist!

Å Secondgeneration quarks ᴼricher physics

23

BNV decays:  oscillations via ╙Ⱦⱶᴼ

ὖɤ
ꜞ ὐȾ‪ᴼɤɤ ɤɤ ὧȢὧȢ

ꜞὐȾ‪ᴼɤɤ

ὔ

ὔ Ⱦ‭
ρȢτ ρπ

♯□☻☻ Ȣ ἑἭἤ,   † σȢρ ρπ Ó
Phys. Rev. D 111, 052014 (2025)

Wrong Sign

Right Sign
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Summary 

ÅWe have reported some rare charm decays on BESIII:

Å╙Ⱦⱶweak decays containing a D/D 0/Ds meson

ÅFCNC decays:ὐȾ‪ᴼ‎Ὀ ὧȢὧȢ, ὐȾ‪ᴼὈ‘‘ , Ὀ ᴼὬὬὩὩ

ÅLNV decays: Ὀ ᴼὬὬὩὩ , ‰ᴼ““ὩὩ

ÅBNV decays: ɤ ɤoscillations via ὐȾ‪ᴼɤɤ

Å-ÖɯÚÐÎÕÈÓɯÌÝÐËÌÕÊÌɯȫɯÔÖÙÌɯÙÌÚÜÓÛÚɯÈÙÌɯÊÖÔÐÕÎɯÚÖÖÕȱȱ

╙Ⱦⱶ

ͯ events

ÅBESIII data set:

ⱶ

ἮἪ
ȱȱ

Ȣ ͯ Ȣ ἑἭἤ

Ȣ ἮἪ

Thank you 
for listening!
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FCNC decays: Brief summary

FCNC decays
Experimental upper limit 

(@90% C.L.)
Data sample

ὐȾ‪ᴼὈὩὩ ψȢυ ρπ ρ ρȢσρρρπὐȾ‪

‪σφψφOὈὩὩ ρȢτ ρπ ρ τȢτψρρπ‪σφψφ

ὐȾ‪ᴼὈ‎ ωȢρ ρπ ς ρȢπρρπ ὐȾ‪

ὐȾ‪ᴼὈ‘‘ ρȢρ ρπ σ ρȢπρρπ ὐȾ‪

Ὀ ᴼ““ὩὩ χȢπ ρπ τ

χȢσσὪὦ
ί τȢρςψͯτȢςςφ'Å6

Ὀ ᴼὑ “ὩὩ χȢρ ρπ τ

Ὀ ᴼὑ“ὩὩ ψȢρ ρπ τ

[3] JHEP 04,061 (2025)

[4] Phys. Rev. Lett. 133, 121801 (2024)

[1] Phys. Rev. D 96, 111101(R) (2017)

[2] Phys. Rev. D 110, 112012 (2024)
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