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Introduction

• Rare charm meson decays provide a unique environment for testing the 

Standard Model and searching for New Physics. 

• BESIII has collected a large charm meson sample, and has a great potential 

to search for rare and forbidden 𝐷 decays due to the clean environment and 

low charge confusion rates.

• Interesting topics: radiative decays, FCNC, LNV, LFV, BNV …
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Results at BESIII

• 𝐷 → ℎ (ℎ(′))𝑒+𝑒− (PRD 97, 072015 (2018))

• 𝐷 → 𝐾𝜋𝑒+𝑒+ (PRD 99, 112002 (2019))

• 𝐷+ → ഥΛ തΣ0 𝑒+, 𝐷+ → Λ(Σ0) 𝑒+ (PRD 101, 031102 (2020))

• 𝐷0 → 𝑝𝑒−/ ҧ𝑝𝑒+ (PRD 105, 032006 (2022))

• 𝐷0 → 𝜋0𝜈 ҧ𝜈 (PRD 105, L071102 (2022))
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Previous results
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Results at BESIII

• B&LNV 𝐷± → 𝑛(ത𝑛)𝑒± (PRD 106, 112009 (2022))

• FCNC 𝐷𝑠
+ → ℎ+(ℎ0)𝑒+𝑒− (arXiv:2404.05973)
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Highlights of recent results

5/19



𝐷± → 𝑛(ത𝑛)𝑒±

• In most grand unified theories (GUTs) and some SM extension models, 

baryon-number and lepton-number violation (LNV) processes with the 

difference of baryon and lepton conserved (∆ 𝐵 − 𝐿 = 0) are allowed under 

dimension-six operators.

• Another kind of B&LNV processes with ∆ 𝐵 − 𝐿 = 2 is possible under 

dimension-seven operators.
PRD 8, 1240 (1973); 

PRL 32, 438 (1974); 

PRD 20, 776(1979); 

PLB 91, 222 (1980); 

PLB 314, 336(1993).
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• The decay amplitudes of these two kinds of 

BNV processes are expected to be of 

comparable strength. PLB 88, 311 (1979)

PRD 106, 112009 (2022)
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𝐷± → 𝑛(ത𝑛)𝑒±

• Data: 2.93 fb−1 @3.773 GeV

• Double tag analysis; Blind analysis

• Two variables are used to identify the 

ST candidates: 

PRD 106, 112009 (2022)

• Multivariate Data Analysis (MVA) is 

performed to further suppress background
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𝐷± → 𝑛(ത𝑛)𝑒±

• Fit to the mass distributions of 

(anti)neutron 𝑀𝑛/ ത𝑛 to extract signal

• Scanning likelihood value for different 

number of signal events. 

• The most conservative ULs @ 90% C.L.:

signal and background are modeled by the MC 

simulated shapes obtained from signal and 

inclusive MC samples, respectively

2024/05/11

possible to improved by a factor of 

three with 20 fb−1 data

first search

PRD 106, 112009 (2022)
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𝐷𝑠
+ → ℎ+(ℎ0)𝑒+𝑒−

• Dominated by long-distance (LD) contributions, expect the BFs of 𝐷𝑠
+ → 𝑉𝑒+𝑒−

to reach 10−5; 

• Short-distance (SD) contributions proceed via the 𝑐 → 𝑢𝑙+𝑙− flavor-changing 
neutral-current (FCNC) transition are highly suppressed by the GIM mechanism, 
leading to naive SD-only BFs as low as 10-9.

2024/05/11

arXiv:2404.05973

PRL 93, 074001 (2016); 

EPJC 75, 567 (2015); 

JHEP 04, 135(2013);

PRD 90, 014035 (2014);

JHEP 08, 091(2017)

• Sensitive to new physics, which may significantly enhance the BFs through the 

presence of new particles and interactions.

• Compared with lepton universality test in the beauty-quark FCNC decays, 

results in 𝑐 → 𝑢𝑙+𝑙− deacys are largely unexplored due to limited experimental 

results on di-electron modes.
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𝐷𝑠
+ → ℎ+(ℎ0)𝑒+𝑒−

• Data: 7.33 fb−1 @4.128−4.226 GeV

• Single tag analysis

𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

∗−

𝐷𝑠
+ → 𝜋+𝜙 with 𝜙 → 𝑒+𝑒−; 𝐷𝑠

+ → 𝜌+𝜙 with 𝜌+ → 𝜋+ 𝜋0 and 𝜙 → 𝑒+𝑒−; 

𝐷𝑠
+ → 𝜋+𝜋0/𝐾+𝜋0/𝐾𝑠

0𝜋+𝑒+𝑒−

𝐷𝑠
− → anything

• 𝑁𝐷𝑠
∗+𝐷𝑠

− = (64.72 ± 0.28) × 105 is the total number of 𝐷𝑠
∗+𝐷𝑠

− pair, measured by 
BESIII recently (arXiv:2403.19256)

• Two variables are used to further suppress backgrounds and identify the signal 
candidates. Signal candidates are required to lie within the signal windows in the two-
dimensional plane of 𝑀𝑟𝑒𝑐 versus Δ𝑀.

arXiv:2404.05973
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𝐷𝑠
+ → ℎ+(ℎ0)𝑒+𝑒− arXiv:2404.05973

2024/05/11

• 𝑀 𝑒+𝑒− ∈ 0.98,1.04 GeV/𝑐2

• 𝑀 𝜋+𝜋0 ∈ 0.60,0.95 GeV/𝑐2

• Unbinned maximum likelihood 

fits to the 𝑀(𝐷𝑠
+) distributions

signal modeled by a double-sided Crystal Ball 

function plus a bifurcated Gaussian function, 

background modeled by a first-order Chebychev

polynomial function

7.8𝜎 for 𝐷𝑠
+ → 𝜋+𝜙, 𝜙 → 𝑒+𝑒−

4.4𝜎 for 𝐷𝑠
+ → 𝜌+𝜙, 𝜙 → 𝑒+𝑒− first evidence

improved by a 

factor of three
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𝐷𝑠
+ → ℎ+(ℎ0)𝑒+𝑒− arXiv:2404.05973

2024/05/11

• Exclude events with 𝑀 𝑒+𝑒− ∈ 0.96,1.05 GeV/𝑐2

for the non-resonant 𝐷𝑠
+ → 𝜋+𝜋0𝑒+𝑒− decay

• Scanning likelihood value for different number of 

signal events. 

• ULs @ 90% C.L.:

signal modeled by a double-sided Crystal Ball 

function plus a bifurcated Gaussian function, 

background modeled by a second-order 

Chebychev polynomial function
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Results at LHCb, Belle
• LHCb

➢𝐷0 → 𝜇+𝜇− (PRL 131, 041804 (2023)) 

FCNC process, expected BF of the order of 10-18.

Data: Run 1 + Run 2, 9 fb−1 @7, 8, 13 TeV

2024/05/11

improved by more than a 

factor of 2 with respect to the 

previous LHCb result 

➢ 𝐷∗(2007)0 → 𝜇+𝜇− in 𝐵− → 𝜋−𝜇+𝜇−

decays (EPJC (2023) 83: 666)

first limit
13/19

Talk “Synergy between LHCb and BESIII charm 

program” by Wenbin Qian

and “Charm physics at Belle (II)” by Yang Li



Results at LHCb, Belle

• Belle

➢B&LNV 𝐷 → 𝑝𝑙 (PRD 109, L031101 (2024))

B&LNV process with ∆ 𝐵 − 𝐿 = 0, predicted BF of the 

order of 10-39.

Search for 𝐷 → 𝑝𝑙, where 𝐷 is either a 𝐷0 or ഥ𝐷0 and 𝑙 is 

a muon or an electron.

Data: 921 fb−1

2024/05/11

ULs at 90% C.L. in the range of (5 − 8) × 10−7

most stringent limit to date; 

first measurement for the muon channels
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Prospects

• Many modes haven’t been searched for, e.g. four-body LNV decays of 𝐷𝑠, four-body 
LFV decays of 𝐷+ and 𝐷𝑠, etc.

2024/05/11

𝐷0 𝐷+ D𝑠

Averages of b-hadron, c-hadron, and 𝜏-lepton properties as of 2021. (HFLAV Collaboration). Phys. Rev. D. 107, 052008 (2023)
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Prospects

• Works about rare 𝐷 decays ongoing:

➢Absolute measurements of the branching fractions of 𝐷0 → 𝛾ഥ𝐾∗0 and 𝐷0 → 𝛾𝜙 [BAM-592]

➢Search for the radiative decays 𝐷+ → 𝛾𝜌+ and 𝐷+ → 𝛾𝐾∗+ [BAM-667]

➢Search for the radiative decay 𝐷0 → 𝛾𝜔 [BAM-708]

➢Search for the radiative decay 𝐷𝑠
+ → 𝛾𝜌+ [BAM-762]

➢Search for the radiative decays 𝐷0 → 𝛾ഥ𝐾1
0(1270) and 𝐷+ → 𝛾𝐾1

+(1270) [BAM-837]

➢Search for the radiative decays 𝐷𝑠
+ → 𝛾𝐾∗(892)+ [early stage]

➢Search for the radiative decays 𝐷𝑠
+ → 𝛾𝐾1

+(1270) [early stage]
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Prospects

• Works about rare 𝐷 decays ongoing:

➢Search for Lepton Number Violating Decays of 𝐷𝑠
+→ℎℎ′𝑒+𝑒+ [BAM-786]

➢Search for FCNC process 𝐷+ → ℎ+𝑒+𝑒− and LNV process 𝐷+ → ℎ+𝑒+𝑒+ [memo just 

ready]

➢Search for four-body LFV 𝐷𝑠
+ decays [early stage]

➢Search for the decay 𝐷+ → 𝜋+ + invisible [early stage]
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Prospects

• For LNV processes of D mesons: could improve the best upper limit to 4.6 × 10−7 and 2.3 × 10−7 for 
𝐷+ → 𝜋−𝑒+𝑒+ and 𝐷+ → 𝐾−𝑒+𝑒+.

2024/05/11

BESIII Collaboration, Future physics programme of BESIII, Chin. Phys. C 44 (2020), 040001
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Summary

• In recent years, BESIII have searched for various rare charm meson 

decays. 

Upper limits of many processes have been determined, providing stringent 

restrictions on the parameters of the future theoretical development.

• With 20 fb−1 of 𝜓(3770) data samples, more and better results for rare 

charm-meson decays are expected.
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