
Searching for New Physics  
in Rare Decays at BESIII 

Xi-Qing Hao 
(On behalf of the BESIII Collaboration) 

Henan Normal University, Xinxiang, China

中国物理学会高能物理分会第十四届全国粒子物理学术会议 
2024年8月13日-18日, 青岛

2024年8月16日



• Introduction 

•Results from BESIII 

•Summary and Outlook 

2

Outline



• SM achieved great success, including the discovery of  Higgs particle. 
However, It is regard as an low energy effective theory which can not 
explain:	

• experimentally:	
• small mass of neutrino raising in neutrino oscillation	
• dark matter	
• dark energy 	
• CKM based CPV is not enough to produce matter/anti-matter 
asymmetry in universe	

• theoretically:	
•mass hierarchy	
•why only three generation of fermion	
• neutrino is Dirac or Majorana	
• ...	

• Pursue theory of everything	
• ...
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Introduction: Why NP?
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Why rare decay?

Standard 
Model

New Physics

Standard Model

SM contribution is 
dominant

SM contribution is 
highly suppressed

SM contribution is 
forbidden

New Physics

New Physics

rare decay
High order, 
FCNC, Weak 
decay in 
charmonium	
…

BNV/LNV, 
cLFV	
…
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Resent results of rare decay at BESIII
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Resent results of BNV&LNV at BESIII
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highly suppressed: Search for J/ψ → l+
a l−

a l+
b l−

b

J/ψ → e+e−e+e−

J/ψ → e+e−μ+μ−

J/ψ → μ+μ−μ+μ−Beeee /Beeμμ = 1.55 ± 0.13 ± 0.14

Bμμμμ /Beeμμ < 0.050
Bμμμμ /Beeee < 0.033

1  of NRQCDσ

theo.: PRD104,094023

PRD 109, 052006 (2024) 

First observation

First observation• Pure leptonic processes are ideal for 	
testing accurate QED predictions 	
due to their simplicity and lack of	
 nonperturbative effects.	

• Test CP, further LFU if the sub 	

• Data: 0.45 billion  events 	
through 	

• Signal extracted through vertex of  tracks	
in first two modes	

• LFU

a ≠ b
ψ (3686)

ψ (3686) → π+π−J/ψ
e+e−
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NP in Hyperon: Search for  violationΔS = ΔQ
• BF of  process highly suppressed in 

SM, or related to breaking effect of SU(3)  , 
CP and CPT invariance	

• Data: 10 billion @  energy point	
through , 
provide  hyperon pairs, double tag 
method	

•  Upper limit at 90% C.L.

ΔS ≠ ΔQ
f

𝐽/𝜓
J/ψ → Ξ0( → Signal)Ξ̄0( → Λ̄π+)
106

PRD 107, 012002(2023)B(Ξ0 → Σ−e+νe) < 1.6 × 10−4

Second order weak interaction in SM

→ nπ−

black dashed: peaking background(fixed Num.) 

Nobs
s = − 4.9 ± 8.6
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NP in Hyperon: Search for  processΔS = 2

JHEP 05, 141 (2024)

(a) Ω− → Σ0π− (b) Ω− → nK−

• BF of  process 	
highly suppressed in SM	

• May enhance to  with 	
some NPs[X.G. He,PRD108,055012]	

• Data: 2.7 billion 	
@  energy point	

	

• ~   pairs	

• Look in recoil mass (RM)	

ΔS = 2

10−7

𝜓(3686)
ψ (3686) → Ω−( → Signal)Ω̄+( → Λ̄K+)
104 Ω

Second order weak 
interaction in SM

B(Ω− → nK−) < 2.4 × 10−4B(Ω− → Σ0π−) < 5.4 × 10−4
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arXiv:2404.05973 
accept by PRL

FCNC: Search for Ds → h+(h0)e+e−

• Data: 7.33  @4.128~4.226 energy point	

• Single tag analysis
fb−1

Mrec = (Ecm − | ⃗P D+
S

|2 + m2
D+

S
)2 − | ⃗P D+

S
|2

ΔM = M(D+
S γ) − M(D+

S )

• First observation of long-distance 	
interaction in 	

• First upper limits	

D+
S → ρ+ϕ( → e+e−)

• Enlighten  and c → u+l+l−

Ds → Vγ



• 0.45 billion  events @3.69GeV	
•  , with 	
•  Look signal in mass of 	

𝜓(3686)
ψ (3686) → Λ+

c Σ̄− + c.c Λ+
c → pK−π+, Σ̄− → p̄π0

M(pK−π+)
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Chinese Phys. C 47, 
013002 (2023)

Weak decay: Search for ψ(3686) → Λ+
c Σ̄− + c.c

@ 90% C.L.

B(ψ (3686) → Λ+
c Σ̄− + c.c) < 1.4 × 10−5



• 10 billion  events @3.09GeV	
• Using  , 	
• Signal extracted by 	

	

• Upper limit at 90% CL	
𝓑( 𝑱/𝝍 → 𝑫−𝝁+𝝂𝝁 + 𝒄. 𝒄.)< 𝟓. 𝟔 × 𝟏𝟎−𝟕

𝐽/𝜓
J/ψ → D−μ+νμ D− → K+K−π−

Umiss = Emiss − |Pmiss |
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JHEP 01, 126(2024)

Weak decay: Search for J/ψ → D−μ+νμ + c.c

• Predict to be at order of  or lower in 
SM	

• The first search of a charmonium weak 
decay with a muon in the final state.

10−8



π0, η, ρ0

D̄0

• 10 billion  events @3.09GeV	
• Reconstruction through	

  or 	
• Signal extracted by recoiling mass of 	

𝐽/𝜓

D̄0 → K+e−ν̄e D− → K0
Se−ν̄e

h0,+
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arXiv:2310.07277 
accept by PRD

Weak decay: Search for J/ψ → D0,−h0,+

π+, ρ+

D−

• Upper limit on branching rate at 90% C.L.	
previousthis work
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Why BNV?

The asymmetry of matter and antimatter in the universe is 
one of the major frontier issues urgently to be solved in 
particle physics, astrophysics and cosmology.
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Δ(B-L) Conserved Processes

Search for  oscillationΛ − Λ̄

• Since 1980[PRL44,1316], there have been many 	

experiments searching for BNV through 	

oscillation[PDG2019] with upper limit results, while	

 few results from other baryons. 	

• 2007, K.-B. Luk pointed out that  oscillation may also exist. 	

• 2010, X.-W. Kang and H.-B. Li[PRD81,051901] give a prospect of searching for   

oscillation at the BESIII experiment. 	

• 2017, the LHCb experiment present a constraint on  oscillation.	

• The theoretical advantage for using  is it has a second generation quark, which 

can give further searches with the result of proton decay which only have the first 

generation quark.	

𝑛 − 𝑛̄ 

Λ − Λ̄

Λ − Λ̄

Ξ0
𝑏 − Ξ̄0

𝑏

Λ − Λ̄



WS

RS

• Result based on 1.31 billion  events	
• An oscillation event (c.c. implied)	

J/ψ

Search for  oscillationΛ − Λ̄

• Oscillation parameter (90% CL) 

Data: dots with 
error bars

Solid line: fit result

Data: dot 
with error bar

Signal Window: 
red arrows

• Bkg free, sys. uncertainty very low (1%)	

• Upper limit on oscillation rate at 90% CL

Wrong Sign Channel (Same Charge)	
𝐽/𝜓 → 𝑝 𝛬 → 𝑝 (𝑝 )K− K− π−

Right Sign Channel (Opposite Charge)	
𝐽/𝜓 → 𝑝  → 𝑝 ( )K−Λ̄ K− p̄π+
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J/ψ → pK−Λ̄  oscillating  pK−Λ

• Time integrated oscillation rate  

𝒫(Λ) =
ℬ(J/ψ → pK−Λ)
ℬ(J/ψ → pK−Λ)

=
Nobs

WS /ϵWS

Nobs
RS /ϵRS

𝒫(Λ) <
Nobs

RS /ϵWS

Nobs
RS /ϵRS

= 4.4 × 10−6 .

δmΛΛ̄ =
𝒫(Λ)
2τ2

Λ
< 3.8 × 10−18 GeV

PRL 131, 121801 (2023) 
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BNV/LNV: Search for Ξ0 → Ke

• 10 billion 𝐽/𝜓 events	
• First search of BNV in  decay 	
• Double tag method

Ξ

• Background free analysis	
• Low systematic uncertainty 	

(3.4%)	
• No obvious signal observed

11

"#%B(Ξ0 → K−e+)UP
90% < 3.6 × 10−6 B(Ξ0 → K+e−)UP

90% < 1.9 × 10−6

PRD 108, 012006 (2023) 
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LNV: Search for ϕ → π+π+e−e−

• 10 billion 𝐽/𝜓 events through 	

• First search of LNV in 
J/ψ → ϕη

ϕ

• Background free analysis	
• Upper limit at 90% C.L.

arXiv:2308.05490 
submitted
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cLFV: Search for J/ψ → eμ

Sci.China Phys.Mech.Astron. 
66, 221011 (2023)

•  𝐽/𝜓 events (without 2012 data)	
• Searching for two back-to-back 	
• Expected 24.8(𝐽/𝜓)+12.0(continuum) bkg events	
• Observe 29 candidate events

8.998 × 109

e μ

• Upper limit at 90% C.L.

𝓑( 𝑱/𝝍 → 𝒆𝝁) < 𝟒. 𝟓 × 𝟏𝟎−𝟗

• Improve the previous best limit 	
by a factor of 𝟑𝟎	

• The most precise cLFV search 	
in heavy quarkonium



• Searching rare decay from experiment plays key role to reveal NP 
beyond SM. 	

• Present constraints are still above SM predictions, no evidence of NP  
have been found yet.	

• In the future, more data on BESIII will collected, new results and more 
strict constraints can be expected. 
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Summary

Thank you！



21

Backup Slides



22

Introduction:BEPCII/BESIII
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Introduction:BESIII Detector

Barrel TOF: Scintillator	
= 80 𝑝𝑠σT

Endcap TOF: MRPC	
 = 70 𝑝𝑠 σT

23



24

Introduction:BESIII Collaboration 

BESIII: ~600 members 85 
institutes, 17 countries.
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Introduction:BEPCII
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