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✓ Status of Dark sector searches at BESIII

✓ Summary

• Search for a light Higgs boson A0 in radiative J/𝜓 decay

• Search for an Axion-like particle

• Dark photon (massive and massless)

• Search for invisible decays of 𝐾𝑆
0 meson 

• Dark baryon

• Search for invisible muon philic scalar X0 or vector X1 via 𝑱/𝝍 → 𝝁+𝝁−+invisible
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Motivation
❖ Standard Model (SM) is incredibly successful, it is tested by experiments

❖ However, it can’t be quantified as a theory of everything

facing some tensions:

Naturalness and stability, g-2, W mass, RK, RD, RD*, ….

Can not explain:

Existence & mechanism of dark matter and dark energy

Baryon asymmetry of the universe

Neutrino masses and oscillations, hierarchy

Real opportunity to search for new physics beyond the Standard Model
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Motivation
❖ Standard Model (SM) is incredibly successful but not complete!

❑ Extensions of the SM needed to solve several outstanding issues, including the 

missing description of Dark Matter (DM)

❑ Why DM?

• Amounts 27% of the total matter density of the universe

• Not interact with strong and electromagnetic interactions, it presence so far 

can be inferred via the gravitational effects only.

• Explain the features of recent astrophysical observations

arXiv:astro-ph/0403324 PAMELA: Positron fraction
O Adriani et al., Nature 458 (2009) 607

SPI/Integral

P. Jean et al., A&A 407, L-55-L58 (2003)
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Coupling of DM with Standard Model

⚫ Dark matter  has not  seen yet  in part icle physics experiments.

• One of the simplest models is “DM hidden sector” that allows the  

coupling between DM and SM particles via the so called “portals”

⚫ Can be accessible  by  h igh intensity  e +e -  col l ider  exper iments,  such 
as BESII I  exper iment,  i f  thei r  masses are a  few GeV

• SM can’t explain DM            Extend to the SM to include Dark matter

08/26/2025 22nd Lomonosov Conference 2025 5

R. Essig et al., arXiv:1311.0029 (2013)
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Rich Physics with clean environment

BESIII Experiment

Chin. Phys. C 44, 040001 (2020)

BESIII Detector

https://doi.org/10.1016/j.nima.2009.12.050


Status of Dark sector searches at BESIII 

Axion-like particle (ALP)

via 𝑱/𝝍 → 𝜸𝒂 

a) With 𝝍(𝟐𝑺) data

b) With 𝐉/𝝍 data

PLB 838, 137698 (2023)

PRD 110, L031101 (2024) 

      (This talk)

Light CP-odd Higgs boson

via 𝑱/𝝍 → 𝜸𝑨𝟎 

Visible (di-muon) decay invisible decay

PRD 105, 012008 (2022)

PRD 93, 052005 (2016) 

PRD 85, 092012 (2012) 

PRD 101, 112005 (2020)

Dark photon

PRD 99, 012013 (2019)

PRD 99, 012006 (2019)

a) Via 𝑱/𝝍 → 𝑼𝜼(′)

PRD 102, 052005 (2020)

b) Via ISR process
PLB 774, 252 (2017) (visible)

PLB 839, 137785 (2023) (invisible)

(This talk)

(This talk)

Fully invisible decays

PRD 105, L071102 (2022)
Invisible decays of 𝚲 baryon Invisible decays of 

𝝎/𝝓 mesons 

PRD 98, 032001 (2018)

Invisible decays of 

𝜼/𝜼′ mesons 

PRD 87, 012009 (2013) 

Dark Matter portals

Search for heavy Majorana neutrino

PRD 99, 112002 (2019) 

invisible muon philic 

scalar or vector meson

(This talk)
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(This talk)

Massive Massless
a) 𝜦𝒄

+ → 𝒑𝜸′
PRD 106, 072008 (2022)

b) 𝑫𝟎 → 𝝎/𝜸𝜸′
PRD 111, L011103 (2025)

c) 𝚺+ → 𝒑 + invisible 

PLB 852, 138614 (2024)

(This talk)

(This talk)

PRD 109, L031102 (2024)

Invisible 𝑲𝑺
𝟎 decays

JHEP 05, 092 (2025)

Search for dark baryon in 𝚵− → 𝝅− 𝝌

arXiv: 2505.22140 (2025)

(This talk)



An introduction to the light Higgs boson

➢ NMSSM  contains a total of three CP-even, two CP-odd and two charged 

Higgs bosons.

➢ Can be detectable via radiative decays of J/ψ and ϒ(1S)

   

A0 = cosθAAMSSM + sinθAAs

Singlet
Non-singlet

[PRD 76, 051105 (2007)]

➢  The lighter state of the A0 is defined as:

➢ Coupling of fermions and the CP-odd Higgs A0 

in the NMSSM: 
0
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ff f
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d
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[Phys. Rev. Lett. 39, 1304 (1977)]

⚫ A light Higgs boson is predicted by many extensions of Standard Model, such as Next-to-Minimal Supersymmetric Standard Model 

(NMSSM).

E. Fullana et. al,

Phys. Lett. B 653, 67 (2007)

Ratio of the VEVs of the up and 

down-types of Higgs doublets

Light Higgs boson A0 search
PRD 105, 012008 (2022)
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➢ Use 9 billion J/ψ events collected by BESIII experiment to 

perform this study.

Expected 𝑩 𝑱/𝝍 → 𝜸𝑨𝟎 ~𝟏𝟎−𝟗 − 𝟏𝟎−𝟕

➢ No evidence of A0 production is found and set 90% confidence 

level upper limits on product BFs .

[PRD 76, 051105 (2007)] 

Better than BaBar measurement 

in low-mass region

Light Higgs boson A0 search in radiative J/𝜓 decay 
PRD 105, 012008 (2022)

Mixing angle (𝒔𝒊𝒏𝜽𝑨𝟎)

PRL 128, 081804 (2022)

Our result in the low-mass region is better than recent BELLE 

measurement
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.081804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.081804


Search for an Axion-like particle

▪ Radiative decay process▪ ALP-Strahlung process

Phys. Rev. D 52, 1755 (1995)

JHEP 06, 091 385 (2019)

An Axion-like particle (ALP), a

• is a pseudo-scalar particle

• introduced by the spontaneous breaking of Peccei-Quinn symmetry to solve the strong CP problem of the QCD

• Predicted by many models beyond the SM and proposed to be a cold DM candidate.

• ALP production at e+e- colliders

Phys. Rev. Lett. 38, 1440 (1977); Phys. Rev. D 16, 1791 (1977)Phys. Rev. Lett. 40, 223 (1978); Phys. Rev. Lett. 40, 279 (1978) 

Phys. Lett. B 753, 482 (2016)
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Phys. Rev. D 110, L031101 (2024)
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Search for ALP via radiative 𝑱/𝝍 decays at BESIII
Phys. Rev. D 110, L031101 (2024)

JHEP 06, 091 385 (2019)

95% CL
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Dark photon
Simplest extension of the SM ⟹ An extra Abelian gauge group, 𝑼(𝟏)𝑫 ⟹ dark photon

Massive dark photon Massless dark photon

arises when the symmetry of the additional Abelian 

gauge group is spontaneously broken Symmetry remains unbroken

▪ Massive dark photon

▪ Coupling with SM fermion

▪ Strong constraint

▪ Massless dark photon

▪ No direct coupling with SM fermion

▪ Less constraint

▪ Also, important role in dark sector

A dimension-six operator has been proposed to provide a connection between SM fermions and the massless dark photon

▪ Naturally allow the FCNC coupling 

▪ Less background and higher sensitivity

PRL 94, 151802 (2005) 

B. Batell, et al, PRD 79, 115008 (2009); 

R. Essig, et al, PRD 80, 015003 (2009)
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𝜒

𝜒

BaBar: Phys. Rev. Lett. 119, 131804 (2017)

Current status of massive dark photon searches 
Visible final states

Invisible final state BESIII: PLB 839, 137785 (2023)
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Search for a massless dark photon in 𝑫𝟎 → 𝝎/𝜸𝜸′

𝝎/𝜸

𝜸′

▪ Search is based on 7.9 fb-1 𝜓(3770) data using a double tag (DT) technique

▪ The signals of the massless dark photon are extracted from a fit on the 

distribution of missing mass square 

𝑫𝟎 → 𝝎𝜸′ 𝑫𝟎 → 𝜸𝜸′

B 𝑫𝟎 → 𝝎𝜸′ < 𝟏. 𝟏 × 𝟏𝟎−𝟓 B 𝑫𝟎 → 𝜸𝜸′ < 𝟐. 𝟎 × 𝟏𝟎−𝟔 

PRD 111, L011103 (2025)
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𝚺+ → 𝒑 + invisible and QCD axion
• 𝑠 → 𝑑𝜈 ҧ𝜈 is a FCNC process and highly 

suppressed by GIM mechanism

• BF < 10−11

Rep. Prog. Phys. 86, 016201 (2023)

Decay to BSM particle

Decay to SM particle
PLB 852, 138614 (2024)

PRD 2, 1285 (1970)
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Search for 𝚺+ → 𝒑 + invisible at BESIII

▪ Search is performed via 𝐽/𝜓 → Σ+ തΣ− using 10 billion 𝐽/𝜓 events using double tag technique

▪ Invisible particle with mass hypothesis of zero

▪ Total energy deposited in EMC by extra photons is used to extra the signal

𝑩 𝜮+ → 𝒑 + 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆  < 𝟑. 𝟐 × 𝟏𝟎−𝟓 @ 90% C.L.

Competitive limits on the axial-vectorial part of axion-fermion 

effective decay constant 𝐹𝑠𝑑
𝐴

PLB 852, 138614 (2024)
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Invisible 𝑲𝑺
𝟎 decays

✓ SM decays

✓ Decay to DM particles

✓ Ordinary matter particle oscillation

✓ Input for CP test

Very rare (BF < 10-16)

FCNC and Helicity suppression

 Phys. Rev. D 91, 015004 (2015)

Two Higgs doublet model (2HDM)

Natural Sci. Rev. 1, 5 (2024)

Mirror matter model arXiv: 2006.10746 
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Invisible 𝑲𝑺
𝟎 decays

➢ Search is based on 10 billion 𝐽/𝜓 events collected by the BESIII detector via 𝐽/𝜓 → 𝜙𝐾𝑆
0𝐾𝑆

0 decay.

➢ 𝐽/𝜓 → 𝜙𝐾𝑆
0𝐾𝐿

0 is forbidden by C-parity conservation. 

➢ 𝐾𝑆
0 →invisible decay rate can be calculated as,

Backgrounds from four-pion 

and non-phi backgrounds are 

subtracted

No evidence of the signal 

production for  𝐾𝑆
0 →invisible 

is found

𝑩(𝑲𝑺
𝟎 →invisible) < 𝟖. 𝟒 × 𝟏𝟎−𝟒 at the 90% CL (First direct measurement). 

JHEP 05, 092 (2025)
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Dark baryon
❖ Coincidence issue:

❖ Neutron lifetime puzzle

❖ B-Mesogenesis mechanism:

❖ Hyperon dark decays

Similarity between DM and baryon densities: 

𝜌𝐷𝑀 ≈ 5.4𝜌𝑏𝑎𝑟𝑦𝑜𝑛

Potential connection between their origins

DM may have non-zero baryon number

PRD 105, 115005 (2022)

Can explain the symmetry between visible mater and antimatter and origin of DM.

arXiv: 2505.22140 (2025)
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Search for dark baryon in 𝚵− → 𝝅− 𝝌 

Analysis strategy:

▪ 𝐽/𝜓 → ഥ𝚵+𝚵− from 10 billion 𝐽/𝜓 events

▪ Double tag method: ഥ𝚵+ → ഥΛ𝜋+, ഥΛ → ҧ𝑝𝜋+, 𝚵− → 𝜋− + 𝜒
▪ 𝜒  is the dark baryon with an invisible signature with masses of 1.07, 

1.10,  𝑚Λ, 1.13, 1.13 GeV/c2

▪ The invisible signal should have EMC energy deposit peaking at 

zero

▪ No evidence of significant signal events

90% C.L. UL on B(𝚵− → 𝜋− + 𝜒)  varies from (4.5 − 76) × 10−5

Corresponding Wilson 

coefficients 𝐶𝑢𝑠𝑠
𝐿  and 

𝐶𝑢𝑠𝑠
𝑅  are more stringent 

than the previous limits 

from the LHC searches 

for the colored 

mediators

arXiv: 2505.22140 (2025)



Search for an invisible muon philic scalar X0 or vector X1 via 

𝑱/𝝍 → 𝝁+𝝁−+invisible
• A new type of  massive vector meson X1 or scalar boson X0 may appear in SM extension of the anomaly free gauged U(1) 

or 𝑈(1)𝐿𝜇−𝐿𝜏
 model.

• They only couple to the second or third generations of leptons                     with the coupling strength 𝑔0,1
′ .

• The X0,1 can contribute to the muon anomalous magnetic moment and explain the (g-2)μ anomaly.

• Can be accessible via 𝐽/𝜓 → 𝜇+𝜇−𝑋0,1

0

arXiv:1610.06587 (2016)
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PRD 109, L031102 (2024)



Search for an invisible muon philic scalar X0 or vector X1 via 

𝑱/𝝍 → 𝝁+𝝁−+invisible
• Current experimental constraints:

0

Search for a light muon philic scalar X0 or vector X1 is performed via 𝐽/𝜓 → 𝜇+𝜇−𝑋0,1 with 𝑋0,1 invisible decays using 

(8.998 ± 0.039) × 109 J/ψ events collected by the BESIII experiment.
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PRD 109, L031102 (2024)



Search for an invisible muon philic scalar X0 or vector X1 via 

𝑱/𝝍 → 𝝁+𝝁−+invisible PRD 109, L031102 (2024)

Signal yield is extracted by performing a series of ML fits.
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𝐵 𝑋0,1 → 𝜈 ҧ𝜈 ~ 33 − 100 % 𝑋0 is long-lived with displaced 

decay or predominately decays 

to invisible particles

Search for an invisible muon philic scalar X0 or vector X1 via 

𝑱/𝝍 → 𝝁+𝝁−+invisible
JHEP10(2020)207 
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PRD 109, L031102 (2024)



Summary 

➢ Top priority is to search for new physics beyond the SM .

➢ BESIII plays a unique role to search for dark sector from e+e- collisions at the tau-charm region.

➢ A series of searches for invisible decays, dark photon, ALP and muon-philic particles have been performed at BESIII. 

➢ Only null results are available so far.

➢ BESIII limits exclude a large fraction of the parameter space of the new physics models beyond SM.

➢ More results is expected to come in the near future, especially with recently collected 20 fb-1 of 𝜓(3770) data.
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Chin. Phys. C 44, 040001 (2020)



Thanks! 
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