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BESIII has collected (448.1±2.9)×106 𝜓(3686) and (1.0087±0.0044)×1010 J/𝜓 data sample. We
report recent searches of the J/𝜓 → 𝛾+ invisible and Λ → invisible based on these huge data
sets, where the second one is the first search of baryon’s invisible decay. With no significant
signal observed, the upper limits at 90% C.L. are calculated, which provide constraints on the
corresponding new physics models.
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1. Introduction

Despite the success of the Standard Model (SM), there are some experimental evidences related
to New Physics. Dark matter is one of the most compelling one: they account for ∼ 27% of the total
universe, but can’t be explained by the SM. Although there are so many evidences in astronomy
about dark matter, they haven’t been observed directly yet. [1] One way to directly search for dark
matter is searching for invisible decays at collider experiments.

BESIII [2] is an 𝑒+𝑒− collider experiment running at 𝜏-charm energy region with peak lumi-
nosity at 1033cm−2s−1 located at the Beĳing Electron Positron Collider (BEPCII) [3]. In the last
more than 10 years running period, BESIII has accumulated huge data sample, including world
largest J/𝜓, 𝜓 ′, 𝜓 ′′ data set by direct 𝑒+𝑒− annihilation. [4] With these huge clean data samples,
BESIII has performed several searches for invisible decays. [5–7] This report summaries one recent
result and one preliminary result at BESIII related to search for invisible decay. [7, 8]

2. Search for J/𝜓 → 𝛾 + invisible

The series of Supersymmetric Standard Models [9], including the Next-to-Minimal Supersym-
metric Model (NMSSM) [10], predict a light CP-odd pseudoscalar Higgs boson 𝐴0 and a series of
neutralinos. The light stable neutralino (𝜒0), which is a candidate of dark matter, can couple with
Standard Model particles via the 𝐴0 boson. The 𝐴0 can be produced in the radiative decay of a
quarkonium vector state, 𝑉 [11, 12]. The branching ratio of such a radiative decay is:

B(𝑉 → 𝛾𝐴0)
B(𝑉 → 𝜇+𝜇−) =

𝐺𝐹𝑚
2
𝑞𝑔

2
𝑞𝐶𝑄𝐶𝐷

√
2𝜋𝛼

(
1 −

𝑚2
𝐴0

𝑚2
𝑉

)
, (1)

where 𝑚𝐴0 , 𝑚𝑉 and 𝑚𝑞 are the masses of the 𝐴0, the quarkonium state, and the corresponding
quark, respectively; 𝛼 is the fine structure constant; 𝐺𝐹 is the Fermi coupling constant; 𝐶𝑄𝐶𝐷 is
the combined QCD radiative and relativistic corrections [13]; and 𝑔𝑞 is the Yukawa coupling of the
𝐴0 field to the quark-pair, and for the charm quark is 𝑔𝑐 = cos𝜃A/tan 𝛽 and for the bottom quark is
𝑔𝑏 = cos𝜃A tan 𝛽, where tan 𝛽 is the usual ratio of vacuum expectation values and 𝜃𝐴 is the Higgs
mixing angle [14]. The 𝐴0 may decay into two 𝜒0s, then is “invisible” to the detector.

Previously many collider experiments, such as CLEO-c [15], BaBar [16] and Belle [17], has
searched for J/𝜓 or Υ(1S) radiative decays into invisible particles, but no signal was observed. The
huge 𝜓 ′ data set collected at BESIII provides another chance to search for J/𝜓 → 𝛾 + invisible,
through 𝜓 ′ → 𝜋+𝜋−J/𝜓 process.

Firstly, the J/𝜓 sample is tagged by reconstructing 𝜋+𝜋− pairs. With several criteria on 𝜋+𝜋−,
the yield of selected J/𝜓 sample is evaluated by a fit on recoiling mass of 𝜋+𝜋− (𝑀𝑟𝑒𝑐

𝜋+𝜋−), shown as
Fig. 1 (a). To better describe the peak’s shape, a control sample of 𝜓 ′ → 𝜋+𝜋−J/𝜓, J/𝜓 → e+e−

is selected. Then the signal shape is modeled using the 𝑀𝑟𝑒𝑐
𝜋+𝜋− distribution of the control sample

convoluted with a Gaussian function, which represents the resolution difference between J/𝜓 →
e+e− and the J/𝜓 inclusive decay. According to the fit, the J/𝜓’s yield is determinated as 8.848× 107

in the J/𝜓’s signal region ([3.082, 3.112] GeV/𝑐2).
Then the signal process is searched based on the selected J/𝜓 sample. Events with only two

charged pions in the J/𝜓’s signal region and one good shower are selected. The good photon,
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identified as the signal shower, is required from the EMC Barrel region. The direction of the
recoiled invisible particle is also required to be within the EMC Barrel region. With the above
criteria, detailed MC studies indicate that the dominant background are from 𝜓 ′ → 𝜋+𝜋−J/𝜓 with
J/𝜓 decays into final states including neutral hadrons, 𝑒.𝑔., 𝑛�̄�, 𝛾𝐾𝐿𝐾𝐿 . To identify 𝛾 from 𝑛, �̄�, 𝐾𝐿 ,
the accessible shower shape variables are studied through the control samples of the decay processes
J/𝜓 → 𝜋+𝜋−𝜋0 (𝜋0 → 𝛾𝛾), J/𝜓 → 𝑝𝜋−�̄� + 𝑐.𝑐. and J/𝜓 → 𝐾𝜋𝐾𝐿 , J/𝜓 → 𝜋+𝜋−𝜙 (𝜙 → 𝐾𝑆𝐾𝐿).
After optimization, a series of requirements on shower shape variables are applied. The selection
efficiency and shower’s energy of the neutral hadrons are also extracted from these control samples,
since the MC simulation is not reliable.
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Figure 1: (a) Fit to the 𝑀𝑟𝑒𝑐
𝜋+ 𝜋− distribution. The blue solid line is the sum of signal (red dashed line) and

background (pink dashed line). The shaded region is the sideband region for non-J/𝜓 background study.
(b) The 𝐸∗

𝛾 distribution. Data is shown with black dots. The total background from 𝜓(3686) → 𝜋+𝜋−J/𝜓,
estimated from MC simulation, is shown with the black solid line. The dominant backgrounds are shown
as three dashed lines. and includes contributions from the subsequent decays J/𝜓 → 𝛾𝜋0 (long dashed
yellow line), The red and blue solid lines show the signal shape with 0 and 1 GeV/𝑐2 mass assumptions,
respectively.

The signal shower’s energy in the J/𝜓 rest frame, 𝐸∗
𝛾 , is used to identify the signal. Shown

in Fig. 1 (b), the dominant backgrounds are from 𝜓(3686) → 𝜋+𝜋−J/𝜓 with subsequent decays
J/𝜓 → 𝛾KLKL, 𝛾𝜂 and 𝛾𝜋0, where the latter two are peak backgrounds. A series of unbinned
likelihood fits on the 𝐸∗

𝛾 are preformed, with different invisible particle’s mass assumption from 0 up
to 1.2 GeV/𝑐2. In the fits, the signal shape is taken from the signal MC simulation convoluted with
a Gaussian function representing the resolution difference between data and MC. The background
shape is described by the sum of an exponential function and two crystal ball functions with fixed
amplitudes and shapes presenting for the background of 𝜓(3686) → 𝜋+𝜋−J/𝜓 with subsequent
decay J/𝜓 → 𝛾𝜂 and 𝛾𝜋0, respectively, where amplitudes and shapes are estimated by the exclusive
MC simulation. As no strong peaks are observed in all fits, the upper limits at 90% confidence level
are calculated taking into account all systematic uncertainties by using the modified frequentist
method known as 𝐶𝐿𝑠 [19, 20] combined with the asymptotic approximation [21]. The results are
shown in Fig. 2 (a), where the data is consistent with the zero-signal assumption in the 2𝜎 region.
And for the zero mass assumption of the invisible particle the upper limit is 7.0×10−7.

To further investigate the physical parameters in NMSSM, according to Ref. [12] and Eq. (1),
the upper limits of 𝑔𝑐 × tan2 𝛽 ×

√
B(𝐴0 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒) based on the measured upper limits of this

work are extracted for tan 𝛽 = 0.6, 0.7 and 0.8, individually, as presented in Fig. 2 (b). The extracted
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results are directly compared to 𝑔𝑏 ×
√
B(𝐴0 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒)(= 𝑔𝑐 × tan2 𝛽×

√
B(𝐴0 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒)),

which is obtained based on the Belle results [17] and also presented in Fig. 2 (b). For tan 𝛽 ≤ 0.6,
our result’s sensitivity is better than Belle’s. Combining the results from Belle [17], we also extract
upper limits on cos 𝜃𝐴(=

√
𝑔𝑏𝑔𝑐) ×

√
B(𝐴0 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒), as presented in Fig. 2 (c).
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Figure 2: Upper limits at the 90% C.L. for (a) Branching ratio of J/𝜓 → 𝛾+ invisible, (b) 𝑔𝑐 × tan2 𝛽(𝑔𝑏) ×√
B(A0 → invisible), and (c) √𝑔𝑏𝑔𝑐 ×

√
B(𝐴0 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒).

3. Search for Λ → invisible

The asymmetry between matter and anti-matter in the universe indicate that the baryon number
(𝐵) shall be violated. [22] Noticing the baryon matter density and the dark matter density are
similar, 𝜌DM ≈ 5.4 𝜌baryon, some models try to understand dark matter and baryon asymmetry
simultaneously.[23–25] Through a neutron portal operator 𝑢𝑐𝑑𝑐𝑑𝑐 [26, 27], where 𝑞𝑐 is the right-
handed quark, these models import the couple between dark sector and SM sector, which can
generally introduce 𝐵 violation to the SM sector. The discrepancy of measured 𝜏(n) between the
bottle method and the beam method [28–30] can also be explained by these models, by assuming
1% of the neutron decays into dark matter particles [31]. Moreover, allowing for quarks from the
2nd and 3rd generation in the neutron portal will generally result in new portals, which can lead to
heavy flavor meson and baryon decays into dark sector particles. [32] Specifically, the Λ baryon
can decay into dark matter with these models.

The huge J/𝜓 data ((1.0087 ± 0.0044) × 1010) accumulated at BESIII provide an excellent
chance to search for the Λ baryon’s invisible decay through the J/𝜓 → ΛΛ̄ process, where the

¯𝐿𝑎𝑚𝑏𝑑𝑎 is tagged by 𝑝𝜋+. This search is also the first invisible decay search in baryon sector.
Firstly, the Λ̄ is reconstructed by 𝑝𝜋+. Specially, to guarantee all the showers are assembled

in the corresponding event, at least one charged tracks shall leave cluster information in the TOF.
A maximum likelihood fit is performed on the recoil mass distribution 𝑅𝑀 (𝑝𝜋+), to extract the
yield of Λ̄. As the Fig. 3 (a) shown, there is almost no background, and the N(Λ) is determined as
4154428 ± 2040.

The signal process, Λ → invisible, is searched from the previous selected sample. Besides the
𝑝 and 𝜋+, there should be no extra charged track. Then the sum energy of total showers in EMC
except those associated with any charged tracks, 𝐸EMC, is used to identify the signal. It is found
that for the main background, J/𝜓 → ΛΛ̄, Λ̄ → p̄𝜋+,Λ → n𝜋0 process, the MC simulation of the
𝐸EMC is not accurate, especially for the showers from n. To well model the background’s 𝐸EMC, a
control sample J/𝜓 → ΛΛ̄, Λ̄ → p̄𝜋+,Λ → n𝜋0 is selected and used to correct the showers’ energy
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of n in the background MC. The 𝐸EMC distributions of data, background MC after correction, and
signal MC are shown in Fig. 3 (b). A fit is performed on this distribution, and no significant signal
is found. By using the modified frequentist method [19, 20], the upper limit at 90% confidence
level is calculated as 7.4 × 10−5 including the systematic uncertainty.
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Figure 3: (a) Fit to the 𝑅𝑀 (𝑝𝜋+) distribution. (b) The 𝐸EMC distribution.

4. Summary

With the huge data sets collected at BESIII, several searches for invisible decays are performed.
In this talk, two recent works are reported. Using (448.1 ± 2.9) × 106 𝜓(3686) decays collected at
BESIII, the J/𝜓 → 𝛾 + invisible process is searched. With no significant signal found, the upper
limits at 90% confidence level are calculated for different 𝑚invisible assumptions up to 1.2 GeV/𝑐2.
[7] Using (1.0087 ± 0.0044) × 1010 J/𝜓 decays collected at BESIII, the Λ → invisible process is
searched. With no significant signal found, the upper limit at 90% confidence level is calculated as
7.4 × 10−5. [8]
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