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Outline
• Introduction on BESIII experiment
• Datasets
• Highlights of recent searches on• Diphoton decays of an axionlike particle in radiative 𝐽/𝜓 decays [PRD 111 (2024)L031101]• Invisible decays of a dark photon using initial state radiation [PLB 839 (2023) 137785]• A muonphilic scalar X0 or vector X1 via 𝐽/𝜓 → 𝜇+𝜇− +  invisible decays [PRD 109 (2024)L031102]• A massless BSM particle in 𝛴+ → 𝑝 + invisible decay [PLB 852 (2024) 138614]• Week decays of 𝐽/𝜓 containing a D meson [PRD 111 (2024) 032020, JHEP 01(2024) 126]• Radiative decay of 𝐽/𝜓 → 𝛾𝐷0 + c.c. [arXiv:2408.08826]• Decays of 𝐷+𝑠 → ℎ(ℎ′)𝑒+𝑒− [PRL 133 (2024) 121801]• LNV decays of  𝐷+𝑠 → ℎℎ′𝑒+𝑒+ [arXiv:2410.02421]
• Summary and outlook
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BEPCII & BESIII
Superconducting solenoid (1 Tesla)

Electromagnetic CsI(Tl) Calorimeter (EMC)
𝝈𝑬⁄𝑬 < 𝟐.𝟓%@ 𝟏 𝐆𝐞𝐕 (barrel)
𝝈𝑬⁄𝑬 < 𝟓%@ 𝟏 𝐆𝐞𝐕 (end-caps)
Time-of-Flight (TOF)
𝝈𝒕 = 𝟗𝟎 𝐩𝐬 (barrel)
𝝈𝒕 = 𝟏𝟐𝟎 𝐩𝐬 (end-caps)

Main Drift Chamber (MDC)
𝝈𝒓𝝓 = 𝟏𝟑𝟎 𝛍𝐦 (single wire)
𝝈𝒑𝒕⁄𝒑𝒕 = 𝟎.𝟓%@ 𝟏 𝐆𝐞𝐕

M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010)3



BESIII charmonium datasets CPC 46 074001 (2022)

10 Billion 𝐽/𝜓 collected!

4



New physics searches @ BESIII
w Charmonium weak decays
w FCNC processes
w LNV processes
w BNV & LNV processes
w LFV processes
w Other processes
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Exotic searches:

wAxion-like particles
w𝐽/𝜓 → 𝛾𝑎(→ 𝛾𝛾)

wInvisible massive dark photon
wISR process 𝑒+𝑒− → 𝛾𝛾′

wMuonphilic scalar X0 or vector X1
w𝐽/𝜓 → 𝜇+𝜇− + invisible

wOther exotics with invisible signature
w𝛴+ → 𝑝 + invisible
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Axion-like particle in radiative 𝐽/𝜓 decay
• Data sample: 10 B 𝐽/𝜓 events
• Strategy: search for 𝐽/𝜓 → 𝛾𝑎, 𝑎 → 𝛾𝛾with on-threshold 𝐽/𝜓 data• Contribution from non-resonant 𝑒+𝑒− → 𝛾𝑎is calculated to be 4.4% and subtracted(interference ignored)• The BF is related to coupling constant 𝑔𝑎𝛾𝛾:

Signal extractions with fits to𝑚𝛾𝛾 (3 combinations perevent) at different 𝑚𝑎 points

[PRD 111 (2024) L031101]
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Axion-like particle in radiative J/ψ decay
• Data sample: 10 B 𝐽/𝜓 events
• Strategy: search for 𝐽/𝜓 → 𝛾𝑎, 𝑎 → 𝛾𝛾with on-threshold 𝐽/𝜓 data• Contribution from non-resonant 𝑒+𝑒− → 𝛾𝑎is calculated to be 4.4% and subtracted(interference ignored)• The BF is related to coupling constant 𝑔𝑎𝛾𝛾:

Replacing previous BESIIIresults using 𝜓 3686 data

Most stringent constraints todate for 0.18 < 𝑚𝑎  < 2.85 GeV
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[PRD 111 (2024) L031101]

https://doi.org/10.1016/j.physletb.2023.137698
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Massive dark photon in 𝑒+𝑒−→ 𝛾𝛾′
• Data sample: 14.9 fb-1 𝑒+𝑒− annihilation data at𝑠 = 4.13 ~ 4.60 GeV
• Search for single photon signals in 1.3 < 𝐸(𝛾) < 1.8GeV corresponding to 1.5 < 𝑚𝛾′ < 2.9 GeV withhigh trigger efficiency
• Signal extraction via fit to 𝐸(𝛾) spectrum: Upper limit on the coupling strength (ϵ)

Recent 20.3 fb-1
BESIII data @3.773 GeV willlead to morecompetitive results

Consistent withwhat alreadyexcluded by BaBar
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[PLB 839 (2023) 137785]



Muonphilic scalar 𝑋0 or vector 𝑋1
• An extra U(1) group is added as minimal extension to SM
• The outcome: new massive scalar (X0) or vector (X1) boson thatonly couples to 2nd or 3rd gen leptons with coupling strength 𝑔′0,1• May help to explain 𝑔 − 2 𝜇  anomaly
• Can be accessible via 𝐽/𝜓 → 𝜇+𝜇− + invisible
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Muonphilic 𝑋0,1 via 𝐽/𝜓 → 𝜇+𝜇− + invisible
• Data sample: 9 B 𝐽/𝜓 events
• Signal extraction via fit to 𝑀2recoil(𝜇+𝜇−) (lowmass) or 𝑀recoil(𝜇+𝜇−) (high mass) for a seriesof 𝑀(𝑋0,1) values
• No sign of 𝑋0,1 signals, constraints on coupling𝑔′0,1 are set Better sensitivity! First constraint!
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[PRD 109 (2024) L031102]



Σ+ → 𝑝 + invisible
• 𝑠 → 𝑑𝜈𝜈 processes highly suppressed in SM
• New invisible particles such as massless darkphoton or QCD axion could contribute to the𝑠 → 𝑑 FCNC transition and enhance the decayBF
• Using ~107 Σ+Σ− pairs from 10 B 𝐽/𝜓 data
• Fully reconstructing Σ−→ 𝑝𝜋0 at the tag side
• First upper limit is set:

• 𝐵 𝛴+ → 𝑝 + invisible < 3.2 × 10−5
• 90% CL exclusion limit of 𝑠 → 𝑑 axion-fermioneffective decay constant is set
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[PLB 852 (2024) 138614]



Search forrare decays:

wCharmonium weak decay
w𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 + c.c.
w𝐽/𝜓 → 𝐷0ℎ0 + 𝑐.𝑐., ℎ = 𝜋,𝜌,𝜂 and 𝐽/𝜓 → 𝐷−ℎ+ + 𝑐.𝑐., ℎ = 𝜋,𝜌

wFCNC related
w𝐽/𝜓 → 𝛾𝐷0+ c.c.
w𝐷+𝑠 → ℎ+𝑒+𝑒− , ℎ = 𝜋,𝜌, and 𝐷+𝑠 → ℎ+ℎ0𝑒+𝑒−

wLNV
w𝐷+𝑠 → ℎ−ℎ0𝑒+𝑒+
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Weak decays of 𝐽/𝜓
• BFs of 𝐽/𝜓 decays containing a D mesonexpected to be up to O(10-8) in the SM
• These BFs could be significantly enhancedby some new physics models
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Weak decays of 𝐽/𝜓
• Data samples: 10 B 𝐽/𝜓
• For 𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 + c.c.:

• Reconstructing 𝐷−→ 𝐾+𝜋−𝜋−
• First upper limit @90% CL:

• for 𝐽/𝜓 → 𝐷ℎ + c.c.• Reconstructing 𝐷0→ 𝐾+𝑒−𝜈𝑒 and 𝐷− → 𝐾0𝑆𝑒−𝜈𝑒• First upper limits or world’s best

𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 + c.c.

𝐽/𝜓 → 𝐷0𝜂(𝛾𝛾) + c.c.
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[PRD 111 (2024) 032020, JHEP 01(2024) 126]



𝐽/𝜓 → 𝛾𝐷0+ c.c.
• FCNC 𝑐 → 𝑢𝛾 process, highlysuppressed in SM
• Could be significantly enhanced by NP
• Data samples: 10 B 𝐽/𝜓
• Reconstruct 𝐷0 in 3 modes: 𝐾−𝜋+,𝐾−𝜋+𝜋0, and 𝐾−𝜋+𝜋+𝜋−
• The first upper limit @ 90% CL:

Mode 𝐾−𝜋+𝜋+𝜋−
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[arXiv:2408.08826]



Searches for 𝐷+𝑠 → ℎℎ′𝑒𝑒 decays
• First searches for four-body 𝐷+𝑠 decays to an electron pair
• Using 7.33 fb-1 data @ 4.128-4.226 GeV
• 𝐷+𝑠 mainly from 𝑒+𝑒− → 𝐷∗±𝑠 𝐷∓𝑠 , with total number of 𝑁𝐷±𝑠 𝐷∓𝑠 = 64.7 ± 0.3 ± 105
• Single-tag method, the BF for a given channel is given by:

• 2D optimization of requirements on Mrec vs. ΔM
PRD 104, 012016 (2021)
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[PRL 133 (2024) 121801][arXiv:2410.02421]



Results on 𝐷+𝑠 → ℎ(ℎ0)𝜙(𝑒+𝑒−)

NB: Using 𝐷+𝑠 → 𝜋+𝜙, LHCb measured
[JHEP 05 (2024) 293] 18

Rarest charm hadron decayobserved by BESIII

[PRL 133 (2024) 121801]



Upper limits on 𝐷+𝑠 → ℎℎ′𝑒+𝑒−
• FCNC 𝑐 → 𝑢𝑒+𝑒− process, highlysuppressed in SM
• Exclusion of events with 𝑀(𝑒+𝑒−)∈[0.96, 1.05] GeV for mode 𝜋+𝜋0𝑒+𝑒−
• Likelihood scan to determine upper limits@ 90% CL:
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All first upper limits!

[PRL 133 (2024) 121801]



𝐷+𝑠 → ℎ−ℎ0𝑒+𝑒+
• LNV (𝛥𝐿 = 2) process could be mediatedby a single Majorana neutrino
• First upper limits @ 90% CL:

[arXiv:2410.02421]
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Scanning over a range of sub-GeVneutrino mass
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Summary & outlook
• BESIII has accumulated world’s largest on-threshold 𝐽/𝜓 and 𝜓(3686)data
• BESIII data has enabled a wide range of searches on exotic states suchas ALP, dark photon, etc., with many of the first or offering best limits
• Also BESIII has searched for a number of rare decays of 𝐽/𝜓 and charmhadrons for the first time
• Not covered today: searches for light Higgs, LFV and BNV processes, etc
• A lot of analyses are still in the pipeline, and BESIII has recently collected20.3 fb-1 of 𝜓(3770) data• Stay tuned for more exciting result!
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