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Abstract

With 106M ψ′ events collected at BESIII detector, there is no observed signal
of light Higgs-like boson A0 in process J/ψ → γA0, A0 → µ+µ−. The A0-mass-
dependent upper limits at the 90% C.L. of branching fraction for J/ψ → γA0,
A0 → µ+µ− are range from 4× 10−7 to 2.1× 10−5, for M(A0) < 3.0 GeV/c2.
With 225M J/ψ data sample, there is no obseved signal of light dark matter
particles or U boson in invisible decays of η and η′. The upper limits at the 90%

C.L. are determined to be 2.6× 10−4 for the ratio B(η→invisible)
B(η→γγ) and 2.4× 10−2

for B(η′→invisible)
B(η′→γγ) . These limits may be used to constrain light dark matter

particles or spin-1 U bosons.

1 The BEPC-II collider and BES-III detector

BEPCII/BESIII 1) is a major upgrade of the BESII experiment at BEPC

accelerator. The achieved peak luminosity of the double-ring e+e− collider,
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BEPCII, is 0.65 × 1033 cm−2 s−1 at energy of ψ(3770). The BESIII detector

consists of a main drift chamber with momentum resolution 0.5% at 1 GeV/c,

an electromagnetic calorimeter with energy resolution 2.5% at 1 GeV/c and a

time-of-flight system inside a superconducting solenoidal magnet with a mag-

netic strength of 1 T. The magnet is surrounded by the muon system made

of resistive plate chambers. Based on data samples of 1.06 × 108 ψ′ 2) and

2.25× 108 J/ψ 3), two analyses are performed for dark sector search.

2 Search for a light exotic particle in J/ψ → γµ+µ−

The HyperCP experiment 4) obsered three anomalous Σ → pµ+µ− events with

µ+µ− invariant mass around 214.3 MeV/c2. A particle with these properties

could be the pseudoscalar sgoldstino particle 5) in various supersymmetric

models 6), a light pseudoscalar Higgs-like boson A0 7), or a vector U boson 8).

No evidence of new physics has been found by studying light dilepton-resonance

in pp̄ collision, e+e− collision and b-quark decays, but it is still important to

search for J/ψ → γA0 to check the possible couples to c-quark and leptons.

Theoretically, the branching fraction of J/ψ → γA0 is about 10−9 to 10−7

level 9). The upper limits of branching fraction of J/ψ → γA0 are set by

Crystal Ball experiment which are less than 1.4×10−5 (90% C.L.) forM(A0) <

1.0 GeV/c2 10).

The process ψ′ → π+π−J/ψ, J/ψ → γA0, A0 → µ+µ− is used to search

for an A0, and A0 is assumed as a pseudoscalar (or scalar) particle with narrow

width and negligible decay time. Two positive, two negative charged tracks

and at least one good photon are required. The events with multiple photons,

should be passed through the π0 veto. The γ with the highest energy is regard-

ed as the photon from J/ψ. The oppositely charged track pair with recoil mass

closest to the J/ψ mass is regarded as the π+ and π−. The other two charged

tracks with at least one satisfying muon identification is assigned as the µ+ and

µ−. The J/ψ is tagged by constraining π+π− recoil mass within a narrow win-

dow. In order to get better mass resolution and suppress backgrounds further,

the events are kinematically fitted using energy and momentum conservation

constraints under the ψ′ → γπ+π−µ+µ− hypothesis.

The entire µ+µ− mass range from threshold to 3.0 GeV/c2 is studied.

There is no evidence narrow peak in the mass distribution and only one event

with mass of 213.3 MeV/c2 [shown in Fig.2a]. To set upper limits on the
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production rates for different masses, the unbinned maximum-likelihood fits

are performed to ∼300 MeV/c2-wide ranges of the invariant mass spectrum

where the mass of the A0 peak is restricted to be within a series of 5 MeV/c2-

wide intervals near the center of the range. In each fit, the A0 signal shape is

determined from MC simulation, and the background shape is modeled with

a polynomial. The limits on the signal yield in each 5 MeV/c2 interval are

set with Bayesian method at the 90% C.L.. Figure1 shows a typical fit to

the µ+µ− invariant mass spectrum in the 5 MeV/c2-wide interval centred at

2.43 GeV/c2. The upper limits at the 90% C.L. on the branching fractions of

J/ψ → γA0, A0 → µ+µ− is calculated with

B <
Nsig(UL)/ϵ

N(ψ′)× B(ψ′ → π+π−J/ψ)× (1− σ)
, (1)

where Nsig(UL), shown in Fig.2b, is the upper limit on the number of signal

events in each M(µ+µ−) bin; ϵ is the A0-mass-dependent selection efficiency

determined from MC simulation; N(ψ′) is the number of ψ′ events; B(ψ′ →
π+π−J/ψ) is set at Particle Data Group (PDG) value 11); and σ is the total

systematic error.

Figure 1: A typical fit to the invariant-mass spectrum M(µ+µ−) in the 5
MeV/c2 wide interval centered at 2.43 GeV/c2.

There is no evidence observed. The A0-mass-dependent upper limits on

the branching fraction for J/ψ → γA0, A0 → µ+µ− are range from 4×10−7 to
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Figure 2: a) The µ+µ− invariant mass distribution for the selected ψ′ →
π+π−J/ψ, J/ψ → γµ+µ−; b) Upper limits at the 90% C.L. on the number
of signal events (Nsig UL) as a function of the µ+µ− invariant mass; c) Upper
limits at the 90% C.L. on the branching fractions (BF UL).

2.1×10−5 [shown in Fig.2c]. Only one event is seen with a µ+µ− mass of 213.3

MeV/c2, and the product-branching-fraction upper limit is 5 × 10−7 at the

90% C.L. These limits can rule out much of the parameter space in theoretical

models 12).

3 Search for η and η′ invisible decays

Despite of tentative estimation like B(η(η′) → χχ) ≈ 1.4×10−4 (1.5×10−6) 13),

one cannot reliable predict such invisible decay rates of mesons just from the

dark matter relic density and annihilation cross section 14). Due to the U

boson vectorially coupled to quarks and leptons 15) and more specific case of

the U boson coupled to ordinary particles through the electromagnetic cur-

rent 16), the annihilation process qq̄ → UU may be also a source of invisible

meson decays, especially as the invisible decay mode U → χχ may be dom-

inant 15). Invisible decays of η and η′ may originate from η(η′) → χχ or

UinvUinv. Many searches for invisible decays of π0, η, η′, J/ψ and Υ(1S) have

been performed 17, 18, 19, 20, 21). The resulting data can give constraints

on different matrix.

The processes J/ψ → ϕη and ϕη′ are used to study invisible decays of η

and η′. The ϕ can be reconstructed with ϕ→ K+K− decay model. No charged

track is required besides those from ϕ→ K+K−. No neutral track is required
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inside a cone of 1.0 rad around the recoil direction against the ϕ candidate.

The reconstructed ϕ particles within a narrow mass window [shown in Fig.3a]

are used to tag η(η′). The missing η(η′) can be searched for in the distribution

of recoil mass of ϕ candidate.
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Figure 3: a) The K+K− mass distribution. The arrows indicate the signal
region of ϕ candidates. Points with error bars are data; the histogram is ex-
pected background. b) Recoil mass distribution against ϕ candidates, M recoil

ϕ ,
for events within ϕ mass window. Points with error bars are data; the solid
histogram is the sum of the expected backgrounds; the dashed histograms (with
arbitrary scale) are signals of η and η′ invisible decays from MC simulations;
the arrows indicate the signal regions of the η(η′) → invisible.

The sources of backgrounds are divided into two classes. Class I: The

background is from J/ψ → ϕη(η′), ϕ → K+K− and η(η′) decay into visible

states. The expected number of background from Class I is 0.18±0.02 (1.0±0.2)

in the signal region for η(η′) case. Class II: The background is from J/ψ decays

to final states without η(η′) or without both η(η′) and ϕ. For the η invisible

decay, the dominant background is from J/ψ → γηc, ηc → K±π∓KL. For

the η′ case, the dominant background is from J/ψ → ϕKLKL and J/ψ →
ϕf0(980), f0(980) → KLKL. The expected number of background from Class

II is 0.8± 0.2 (9.4± 1.7) in the signal region for η(η′) case.

For η case, only one event [shown in Fig.3b] is seen in the η signal region

where 1.0 ± 0.2 backgrounds are expected. The upper limit at the 90% C.L.

is Nη
UL = 3.34 by using the POLE++ program 23) based on Feldman-Cousins

Method 22). For the η′ case, an unbinned extended maximum likelihood (ML)

fit is performed to the recoil mass distribution against ϕ candidate. The signal
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shape in the fit, shown in Fig.4, is driven from data sample of J/ψ → ϕη′,

η′ → ηπ+π−, η → γγ. The shape of dominant background J/ψ → ϕf0(980),

f0(980) → KLKL, is described from MC simulation [shown in Fig.5], in which

the parameters of f0(980) line shape have been determined in the analysis of

J/ψ → ϕπ+π− and ϕK+K− from BESII data 24). The remaining background

from J/ψ → ϕKLKL is modeled with a first-order Chebychev polynomial. In

the ML fit [shown in Fig.5], the shapes of signal and dominant background are

fixed, the numbers of signal yield and backgrounds are float. The upper limit

at the 90% C.L. is Nη′

UL = 10.1 with Bayesian method.
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Figure 4: The M recoil
ϕ distribution for the control sample J/ψ → ϕη′, η′ →

π+π−η(η → γγ) decay candidates. The solid curve shows the fit results.

In order to obtain the ratio of B(η(η′)→invisible)
B(η(η′)→γγ) , the two-body decays

J/ψ → ϕη(η′), η(η′) → γγ are also studied. The upper limit at the 90%

C.L. on the ratio of branching fraction is calculated with

B(η → invisible)

B(η → γγ)
<
Nη

UL/ϵη
Nη

γγ/ϵ
η
γγ

1

1− ση
, (2)

where Nη
UL is the 90% upper limit of the number of observed events for J/ψ →

ϕη, ϕ → K+K−, η → invisible decay; ϵη is the MC-determined efficiency for

the signal channel; Nη
γγ is the number of events for the J/ψ → ϕη, ϕ→ K+K−,

η → γγ; ϵηγγ is the MC-determined efficiency; and ση is the total error for the

η case. The upper limit for η′ case is obtained similarly.

There is no evidence observed for the invisible decays of η and η′, The

upper limit at the 90% C.L. on the ratio of B(η(η′)→invisible)
B(η(η′)→γγ) is 2.6×10−4 (2.4×
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Figure 5: The M recoil
ϕ distribution with events around the η′ mass region.

Points with error bars are data. The (black) solid curve shows the result of
the fit to signal plus background distributions, the (blue) dotted curve shows the
background shape from J/ψ → ϕf0(980)(f0(980) → KLKL), the (blue) dashed
curve shows the polynomial function for J/ψ → ϕKLKL background, and the
(red) dotted-dash curve shows the signal yield.

10−2) for η(η′) case. Using the branching fraction values of B(η(η′) → γγ) from

the PDG 25), the invisible decays rates are determined to be B(η → invisble) <

1.0 × 10−4 and B(η′ → invisble) < 5.3 × 10−4 at the 90% confidence level.

These limits constrain the decays η(η′) → UU , where each U decays invisibly

into neutrinos or light dark matter with branching fraction Binv. The resulting

η(η′) limits on the U couplings to quarks are improved to be
√
f2u + f2d <

3 × 10−2/
√
Binv and |fs| < 4 × 10−2/

√
Binv , respectively (for 2mU smaller

than mη or mη′ and not too close to them), fu, fd and fs denoting effective

couplings of the U boson to light quarks.

4 Summary

There is no observed signal of light Higgs-like boson A0 in process J/ψ → γA0,

A0 → µ+µ−, based on 106M ψ′ data sample. The A0-mass-dependent upper

limits at the 90% C.L. of branching fraction for J/ψ → γA0, A0 → µ+µ−

are range from 4 × 10−7 to 2.1 × 10−5, for M(A0) < 3.0 GeV/c2. There is

no obseved signal of light dark matter particles or U boson in invisible decays

of η and η′, based on 225M J/ψ data sample. The upper limits at the 90%

C.L. are determined to be 2.6× 10−4 for the ratio B(η→invisible)
B(η→γγ) and 2.4× 10−2
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for B(η′→invisible)
B(η′→γγ) . These limits may be used to constrain light dark matter

particles or spin-1 U bosons.
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