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2. BEPCII and BESIII experiment
Beijing Spectrometer III (BESIII) is a general-purpose spectrometer working at the Beijing 

Electron Positron Collider II (BEPCII) and has collected large data in 𝜏 − 𝑐 energy region.
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Fig.1 (left) Beijing Electron Positron Collider II (BEPCII). (right) Beijing Spectrometer III (BESIII).

Main drift chamber (MDC):

• Τ∆𝑃 𝑃 = 0.5%, 𝑑𝐸/𝑑𝑥~6%

Time-of-Flight system (TOF):

• 𝜎𝑇 = 60 ~68 ps

Electromagnetic Calorimeter (EMC):

• Τ∆𝐸 𝐸 = 2.5%~5.0%

Muon chamber system (MUC):

• 𝜎𝑧,𝜙 = 2 cm

Fig.3 (left) The inclusive-decay-𝜂 yield extracted in 𝑀𝐾𝐾
recoil distribution. (right) The signal efficiency ( Ƹ𝜖) estimated from the 

signal MC samples for different mass hypothesis.

Fig.4 (left) The signal extraction in 𝑚miss
2  distribution, taking 𝑚𝑆 = 240 MeV as the example. (right) The signal yield 

and signal significance for total mass hypothesis.

The signal yield of 𝜂 → 𝜋0𝑆 is extracted from an unbinned extended maximum likelihood 

fit to the distribution of missing mass square (𝑀miss
2 ), with 𝑚𝑆 ranging from 0 to 400 MeV.    

        The maximum signal significance (𝑚𝑆 = 240 MeV) is found to be less than 2𝜎.

Dark Matter (DM) benchmark from cosmology

1. Tag 𝐽/𝜓 → 𝜙𝜂, 𝜙 → 𝐾+𝐾−, 𝜂 → anything

• 𝑀𝐾𝐾 in 1.00, 1.04  GeV

• Fit in the distribution of 𝑀𝐾𝐾
recoil

• Not the world largest 𝜂 set, but the cleanest one

The absolute branching fraction (BF) of 𝜂 → 𝜋0𝑆  is calculated as ℬ 𝜂 → 𝜋0𝑆 =
𝑁sig

ℬ(𝜋0→𝛾𝛾)∙𝑁IDT∙ො𝜖
, and the upper limits (ULs) on the BFs are determined using a Bayesian 

approach by scanning the likelihood distribution in the fit.

6. DM-nucleon scattering Cross-Section

Fig.5 The ULs on the BFs of 𝜂 → 𝜋0𝑆 and the constraint on the coupling strength of 𝑔𝑢 or 𝑔𝑑.

Considering DM interacting with the SM quark through a new force mediated by the 

exchange of 𝑆, we can provide a model-dependent constraint on DM-nucleon cross-section.

Fig.6 The constraints on the sub-GeV DM-nucleon scattering cross-section.

Decay chain: 𝑒+𝑒− → 𝐽/𝜓，𝐽/𝜓 → 𝜙𝜂, ϕ → 𝐾+𝐾−, 𝜂 → 𝜋0𝑆 → 𝜋0𝜒 ҧ𝜒

Select two charged kaons and one neutral pion in the final states

Fig.2 An event display (left) and  the decay chain (right) of sub-GeV DM search at BESIII
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Challenge in searching for sub-GeV DM

To produce 𝛀𝐃𝐌 in freeze-out
• ≫ GeV DM: coupling~𝟏
• Sub-GeV DM: coupling≪ 𝟏
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2. Further tag 𝜂 → 𝜋0 + invisible

• 𝑀𝛾𝛾 in 0.115, 0.150  GeV

• 𝐸oth.γ
tot < 0.1 GeV & |cos𝜃𝐾𝐾𝜋0

recoil| < 0.7

• Special selections on 𝑀𝐾𝐾𝜋0

Two-Steps Analysis

The systematic uncertainty related to the inclusive-decay-𝜂 selection can be canceled in the 

two-steps analysis. The total other uncertainties range from 2.1~2.5% for different 𝑆 masses.

Flavored-specific scalar model

• ℒ ⊃ −𝑔𝜒𝑆 ҧ𝜒𝐿𝜒𝑅 − 𝑔𝑢𝑆 ത𝑢𝐿𝑢𝑅 + ℎ. 𝑐.

• 𝑔𝑢 ≡
𝑐𝑆𝜈

2ΛNP

• 𝑔𝑢 not necessarily proportional to the 
Higgs Yukawa couplings 
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The coupling constraint is better than that of atmospheric-boosted DM search from PandaX
𝐾+ → 𝜋+𝑆 is only sensitive to 𝑔𝑢, while 𝜂 → 𝜋0𝑆 is sensitive to both 𝑔𝑢 and 𝑔𝑑

Exploring the allowed naturalness region in EFT with ΛNP = 10 TeV
Exclude thermal relic DM in freeze-out mechanism by 𝜒 ҧ𝜒 → 𝜋𝜋 when 𝑔𝜒 = 0.1
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Improve by about 5 orders of magnitude 
over previous direct detection exps.

Although model-dependent, fortunately 
collider search can explore many different 
processes to cover most of the models

• We search for sub-GeV DM at collider but no signal

• No signal but better unique constraint and new bound

• New bound but still need future effort

➢ Future sub-GeV DM at collider

• Require larger data to explore the benchmark of thermal 

relic DM when 𝑔𝜒~1

• Explore other channels to probe other portals of vector, 

pseudo-scalar …, with both on-shell and off-shell case

• Or, DM is not in the sub-GeV region? We have no idea at all!
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