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Outline

① Rare charm hadron decays at BESIII

② Latest results at BESIII

• Search for weak radiative decays

• Search for LNV decays

• Search for dark photon

③ Recent highlight from LHCb

④ Prospect & Summary
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Rare charm hadron decays at BESIII

➢BNV, LNV, LFV processes, ...

➢FCNC processes, other rare decays, ...

➢Dark photons, light Higgs, 𝑍′, invisible 

signatures, exotic resonances, ...
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➢Weak radiative decays usually receive 

contributions from both the weak and 

electromagnetic interactions. 

➢Many theoretical models predict the BF of 

𝛬𝑐
+ → 𝛴+𝛾 to be around 10−5 − 10−4.

➢ The decay proceeds predominantly through a 

𝑊-exchange diagram accompanied by photon 

emission from the external quark.

➢Belle reported ℬ(𝛬𝑐
+→ 𝛴+𝛾) < 2.6 × 10−4.

Search for the weak radiative decay  𝚲𝒄
+ → 𝚺+𝜸 at BESIII

PRD 107, 052002 (2023)

4/21



2025/08/07

Search for the weak radiative decay  𝚲𝒄
+ → 𝚺+𝜸 at BESIII

➢data sample: 4.5 fb−1@4.60 − 4.70 GeV 

➢𝛬𝑐
+ → 𝛴+𝛾 with 𝛴+ → 𝑝𝜋0

➢Double-tag method with ഥΛ𝑐
− reconstructed in 

10 hadronic decay modes

➢ℬ(𝛬𝑐
+ → 𝛴+𝛾) < 4.4 × 10−4 @ 90% C.L.

PRD 107, 052002 (2023)
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➢Non-perturbative processes dominate the 𝑐 → 𝑢𝛾 processes, 

potentially enhancing BFs up to 10−3.

➢The BF of 𝐷𝑠
+ → 𝛾𝜌(770)+ can be used to examine the predictions 

regarding CP asymmetry in charmed meson decays.

➢Expected BF of 𝐷𝑠
+ → 𝛾𝜌(770)+ ranges 

from 𝒪(10−5) to 𝒪(10−3), according to 

different theoretical models

Search for the radiative decay 𝑫𝒔
+ → 𝜸𝝆(𝟕𝟕𝟎)+

JHEP11(2024)119
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➢data sample: 𝑒+𝑒− → 𝐷𝑠
±𝐷𝑠

∗∓, 7.33 fb−1@4.128 − 4.226 GeV

➢𝐷𝑠
+ → 𝛾𝜌(770)+ with 𝜌(770)+ → 𝜋+𝜋0

➢Double-tag method with 𝐷𝑠
− reconstructed in 5 

hadronic decay modes

➢2D fit to the 𝑀sig and cos𝜃H distributions

➢2.5𝜎, ℬ 𝐷𝑠
+ → 𝛾𝜌 770 + = (2.2 ± 0.9stat ± 0.2syst) × 10−4

➢ℬ(𝐷𝑠
+ → 𝛾𝜌(770)+) < 6.1 × 10−4 @ 90% C.L.

JHEP11(2024)119

Search for the radiative decay 𝑫𝒔
+ → 𝜸𝝆(𝟕𝟕𝟎)+
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➢Predicted BF of the Cabibbo-suppressed process 𝐷+ → 𝛾𝜌+ is up to 10−5.

➢Expected BF of the doubly Cabibbo-suppressed process 𝐷+ → 𝛾𝐾∗+ is 

one order of magnitude lower than that of 𝐷+ → 𝛾𝜌+

➢The 𝐷+ meson can be considered “pure” 

with  respect to long-range effects, 

which are not sensitive to 𝑐 → 𝑢
transitions, unlike the neutral mesons.

Search for the radiative decays 𝑫+ → 𝜸𝝆+ and 𝑫+ → 𝜸𝑲∗+

JHEP12(2024)206
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➢data sample: 20.3 fb−1@3.773 GeV

➢𝐷+ → 𝛾𝜌+ with 𝜌+ → 𝜋+𝜋0 and 𝐷+ → 𝛾𝐾∗+ with 𝐾∗+ → 𝐾+𝜋0

➢Doublt-tag method with 𝐷−

reconstructed in 6 hadronic decay modes

Search for the radiative decays 𝑫+ → 𝜸𝝆+ and 𝑫+ → 𝜸𝑲∗+

JHEP12(2024)206

➢2D fit to the Δ𝐸sig and cos𝜃H distributions

𝟑. 𝟔𝛔 deviation
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➢Lepton Number Violation (∆𝐿 ≠ 0) is forbidden in SM.

➢Neutrino oscillation → 𝑚𝜈 ≠ 0 → New Physics

➢Nature of neutrino still unknown: Dirac or Majorana?

➢A heave Majorana neutrino can lead to 

∆𝐿 = 2 LNV processes

➢LNV is introduced in many NP models:
➢4th quark generation, SO(10) SUSY GUT, 

exotic Higgs...

Search for lepton number violating decays of 𝑫𝒔
+ → 𝒉−𝒉𝟎𝒆+𝒆+

JHEP01(2025)109

10/21



2025/08/07

Search for lepton number violating decays of 𝑫𝒔
+ → 𝒉−𝒉𝟎𝒆+𝒆+

JHEP01(2025)109
➢data sample: 𝑒+𝑒− → 𝐷𝑠

±𝐷𝑠
∗∓, 

7.33 fb−1@4.128 − 4.226 GeV

➢Single-tag method

➢Fit to the 𝑀(𝐷𝑠
+) distributions

➢The Majorana neutrino is searched 

for in 𝐷𝑠
+ → 𝜙𝑒+𝜈𝑚(→ 𝜋−𝑒+)

based on different 𝑚𝜈𝑚 hypotheses

➢ULs as a function of 𝑚𝜈𝑚 obtained 

using a frequentist method

First mass scan in 𝐷 → 𝑉𝑙𝜈𝑚
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➢A dimension-six operator provides a 

connection between SM fermions and the 

massless dark photon:

➢The dark photon 𝛾′serves as a portal 

between the SM matter and dark sector. 

➢The massless dark photon can be 

searched for in the FCNC 𝑐 → 𝑢𝛾′ decays.

Search for a massless dark photon in 𝒄 → 𝒖𝜸′ decays

PRD 111, L011103 (2025)
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Search for a massless dark photon in 𝒄 → 𝒖𝜸′ decays

PRD 111, L011103 (2025)

➢data sample: 7.9 fb−1@3.773 GeV

➢Double-tag method with ഥ𝐷0 → 𝐾+𝜋−, 

𝐾+𝜋−𝜋0, 𝐾+𝜋−𝜋+𝜋−

➢Fit to the 𝑀miss
2 distribution 

➢Upper limits @ 90% C.L. are set for 

the first time:

➢ℬ(𝐷0 → 𝜔𝛾′) < 1.1 × 10−5

➢ℬ(𝐷0 → 𝛾𝛾′) < 2.0 × 10−6

13/21

➢Most stringent constraint on NP energy 
scale associated with 𝑐 → 𝑢𝛾′ coupling:

Reaching for 

the first time
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Recent highlight from LHCb

➢Short-distance (SD) FCNC transitions via 

𝑐 → 𝑢 processes are highly suppressed by 

the GIM mechanism, leading to BFs of 

𝐷 → 𝑋𝑙+𝑙− decays as low as 𝒪(10−9).

➢Long-distance (LD) process such as 𝐷 →
𝑋𝑌(→ 𝑙+ 𝑙−) have BFs up to 𝒪(10−6).

➢ Sensitive to NP!

➢LHCb recently reported the first observation

of 𝐷0 → 𝜋+𝜋−[𝑒+𝑒−]𝜙, 𝜌0/𝜔
PRD 111, L091101 (2025)

box diagram penguin diagram

VMD
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Search for 𝑫𝟎 meson decays to 𝝅+𝝅−𝒆+𝒆− and 𝑲+𝑲−𝒆+𝒆− final states

➢data sample: 6 fb−1@13 TeV

PRD 111, L091101 (2025)
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Search for 𝑫𝟎 meson decays to 𝝅+𝝅−𝒆+𝒆− and 𝑲+𝑲−𝒆+𝒆− final states

PRD 111, L091101 (2025)

First lepton universality 

tests with such decays

➢Belle also reported the search of 𝐷0 → 𝜋+𝜋−𝑒+𝑒− decay recently, but 

with no significant signal observed. [arXiv:2507.05050 [hep-ex]]
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𝐷0

𝐷+
𝐷𝑠

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

Prospects

Λ𝑐
+

Still lots of unexplored decays...
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• 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+.

2025/08/07

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

Prospects
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Prospects

• Works about rare charm hadron decays ongoing:

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

592]

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

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

+(1270) [BAM-837]

• Search for the radiative decays 𝐷𝑠
+ → 𝛾𝐾∗(892)+ [BAM-928]

• Search for the radiative decays 𝐷𝑠
+ → 𝛾𝐾1

+(1270) [early stage]

• Study of 𝐷0 → 𝛾𝜌0 with deep learning [early stage]

• Search for rare decay of 𝛬𝑐
+ → 𝑝𝛾 [early stage]

• Search for rare decays of 𝐷 → ℎ(ℎ(′))𝑒+𝑒− [BAM-1018] 

• Search for FCNC process 𝐷+ → ℎ+𝑒+𝑒− and LNV process 𝐷+ → ℎ−𝑒+𝑒+ [doc-1431]
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Prospects

• Works about rare charm hadron decays ongoing:

• Search for baryon- and lepton-number-violating 𝐷± decays [doc-1629]

• Search for baryon- and lepton-number-violating 𝐷𝑠
+ decays [doc-1706]

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

• Search the CLFV process 𝐷0/ഥ𝐷0 → 𝑒𝜏 [doc-1614]

• Search for the rare decays 𝐷𝑠
+ → 𝐾+ 𝜈 ҧ𝜈 [early stage] 

• Search for massless particle beyond the SM in 𝐷+ → 𝜋+ + invisible decay [BAM-993]

• Search the light neutralino ෤𝜒1
0 with 𝐷0 → തΞ0 ෤𝜒1

0 + 𝑐. 𝑐. [early stage]

• Search the light neutralino ෤𝜒1
0 with 𝐷0 → Λ ෤𝜒1

0 + 𝑐. 𝑐. [early stage]

• Search the light neutralino ෤𝜒1
0 with 𝐷+ → 𝑝 ෤𝜒1

0 + 𝑐. 𝑐. [early stage]
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Summary

➢BESIII has performed wide range studies of rare charm hadron decays, with 
many first searches or best limits.

➢BESIII has collected the 20.3 fb−1 𝜓(3773) data samples,  and there will be 
more data of Λ𝑐ഥΛ𝑐 in the near future. BESIII possesses great potentials in 
searches for rare charm hadron decays.

➢The application of new techniques (e.g., deep learning, novel charm meson 
tagging method) enhances search sensitivity.
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