Search for dark sector via charmonia decay at BESIII
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Identifying the nature of dark matter is an unsolved problem in astronomy and particle physics.
Although much evidence is observed in astronomical experiments, there is no evidence from
collider experiments. Many theories beyond the Standard Model predict light dark matter, dark
photon and dark gauge boson, which may be light enough for BESIII to observe. BESIII has
recently searched for invisible decays of light mesons and dark photons as well as dark gauge
bosons using the 1.3 billion J/ψ data sample. This poster summaries the recent results from
BESIII collaboration on these dark sector topics.
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1. Introduction
Understanding dark matter is a major task of astronomy and particle physics. There is lots
of evidence of dark matter from astronomical experiments. [1] Nevertheless, there is no evidence
from any collider experiments until now. [2] Many new physics theories beyond the Standard Model
(SM) introduce the dark sector and predict the interaction between dark sector and quarkonium. [3]
BESIII [4], an e+ e− collider experiment running at τ -charm energy region with peak luminosity at 1033 cm−2 s−1 , has accumulated 10 billion J/ψ events1 , which provide an excellent opportunity
to search for the dark sector via charmonia decay.

In SM the invisible decays of quarkonium mainly happen by annihilating into a pair of neutrinos via a virtual Z 0 boson with an extremely small branching fraction. For example, B(ω /ϕ → ν ν̄ )
= (2.79 ± 0.05) × 10−13 /(1.67 ± 0.02) × 10−11 . [5] But these processes could be enhanced up to
the 10−8 level by light dark matter(LDM) particles. [6] BaBar, BESII and BESIII have searched
for ϒ(1S), J/ψ and η (′ ) quarkonium invisible decay before, with no signal observation.[7]
BESIII has searched for the invisible decays of ω /ϕ for the first time using 1.3 billion J/ψ
events via J/ψ → V√
η process, where η is reconstructed by π + π − π 0 (γγ ). [8] The mass recoiling
−p 2 + − 0 , is calculated to search for a signal. No signifagainst η , MV = (ECM − E + − 0 )2 − →
π π π

recoil

π π π

icant signal is observed (Figure 1 left). Using the Bayesian approach, the upper limits of the ratios
B(ω →invisible)
ϕ →invisible)
−4
at the 90% C.L. are calculated to be B(
< 8.0 × 10−5 and B(
B(ϕ →K + K − ) < 3.4 × 10
ω →π + π − π 0 )

Entries/(0.01 GeV/c2)

(Figure 1 middle and right). According to the world average values of B(ω → π + π − π 0 ) and
B(ϕ → K + K − ) [9], the upper limits of ω and ϕ invisible decays at the 90% C.L. are set to be
7.2 × 10−5 and 1.7 × 10−4 , respectively.
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Figure 1: The Mrecoil
distribution for data (black dots with error bars), signal MC samples (pink and black
histograms for ω and ϕ decays, respectively) and various expected backgrounds shown by various colored
B(ω →invisible)
ϕ →invisible)
histograms (left), and the normalized likelihood versus B(
(middle) and B(
(right)
B(ϕ →K + K − )
ω →π + π − π 0 )
including the statistical uncertainty only (pink) and both systematic and statistical uncertainties (cyan).

3. Search for dark photon
The simplest scenario of beyond SM theory usually consist of an extra U(1) gauge group, introducing a massive vector boson force carrier, the dark photon (γ ′ ). The dark photon could couple
1 8.7

billion J/psi are collected in the recent two years.
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2. Search for invisible decays of ω /ϕ
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ε
Figure 2: The 90% C.L. upper limits on the branching fractions B(J/ψ → γ ′ η (′ )) × B(γ ′ → e+ e− ) (top)
and the kinetic mixing strength ε (bottom). The left plots are for J/ψ → γ ′ η decay and right plots for J/ψ →
γ ′ η ′ decay. The right hand side figure also shows the plot of 90% C.L. upper limit on B(J/ψ → γ ′ η ′ ).

4. Search for dark gauge boson via J/ψ → U ′ η ′ ,U ′ → γπ 0
In the theory with an extra U(1) gauge group metioned in the previous section, the new gauge
boson named U ′ could predominantly couple to quarks in some mass region.[14] The Belle and
KLOE Collaborations searched for this U ′ with π + π − daughter particles.[15]
BESIII recently searched the U ′ boson in the J/ψ → U ′ η ′ ,U ′ → γπ 0 decay chain, where η ′ is
reconstructed by π + π − η (γγ ). 2 The signal search is performed in the m(γπ 0 ) distribution outside
the ω mass region.No evidence of signal process is observed. Then the 90% C.L. upper limits on
the product branching fraction B(J/ψ → U ′ η ′ ) × B(U ′ → π 0 γ ) is set at 10−7 level.
2 This

work is still preliminay.
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to the SM photon via the kinetic mixing strength, defined as ε 2 = α ′ /α , where α ′ and α are the
fine structure constants in the dark and SM sectors, respectively. [10] Thus the observed astrophysical anomalies [1] could be explained, as well as the deviation in the muon anomalous magnetic
moment up to the level of (3 − 4)σ between theory and experiment [11]. Many experiments have
searched for the γ ′ and but only got an exclusion region on ε so far. [12]
BESIII has recently searched for the γ ′ with electron position pair final states through J/ψ →
γ ′ η (′ ) using 1.3 billion of J/ψ events, where η (η ′ ) is reconstructed from η → π + π − π 0 , π 0 → γγ
and η → γγ (η ′ → γπ + π − and η ′ → ηπ + π − , η → γγ ). [13] The search is performed in the
me+ e− distribution outside the ω and ϕ mass regions. No evidence of signal is found. As shown in
Figure 2, the 90% confidence level upper limits of branching fractions B(J/ψ → η (′ )γ ′ )×B(γ ′ →
e+ e− ) and ε are set to be at the level of 10−8 and 10−3 , respectively, depending on the mass of γ ′ .
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5. Summary
Recently BESIII has searched for invisible decays of light mesons and dark photons as well
as dark gauge bosons using the 1.3 billion J/ψ data sample. No significant signal is found in these
processes. Upper limits at 90% C.L. are set. BESIII is performing several other searches for dark
sector using the large quarkonium data-sets. More results will be released in the near future.
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