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Using a data sample of (1310.6 + 7.0) x 10° J/y events collected with the BESIII detector operating at
the BEPCII collider, we perform the first experimental search for invisible decays of a light vector meson
(V = w, ¢) via J/w = Vi decays. The decay of n — z* 7~z is utilized to tag the V meson decaying into
the invisible final state. No evidence for a significant invisible signal is observed, and the upper limits on
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I. INTRODUCTION

Although there is strong evidence from many astro-
physical observations for the existence of dark matter, its
nature is still mysterious. Dark matter is invisible in the
entire electromagnetic spectrum, and its existence is
inferred via gravitational effects only. Any information
about its interactions with a Standard Model (SM) particle
would shed light on the nature of dark matter. Quarkonium
states, the constituents of which are a quark and its own
antiquark, are expected to annihilate into a neutrino pair
(vp) via a virtual Z° boson. However, the process is very
rare in the SM [1]. The branching fraction of the invisible
decays might be enhanced by several orders of magnitude
in the presence of light dark matter (LDM) particles y [2—4]
as described in Refs. [5,6].

The LDM particles, which are in the kinematic reach of
BESIII, may provide one possible explanation of the
feature of the 511 keV gamma ray excess from the
Galactic center observed by the INTEGRAL satellite [7].
The smooth symmetric morphology of 511 keV gamma
emission is believed to originate from the annihilation of
LDM particles into e*e™ pairs [2,8]. The LDM particles
can have adequate relic abundance to account for the
nonbaryonic dark matter [9] in the Universe, if they couple
with the SM particles via a new light gauge boson U [10] or
the exchange of heavy fermions in the case of scalar dark
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matter [2,3]. One of the most popular LDM candidates is
the neutralino predicted by the next-to-minimal super-
symmetric Standard Model [11], which is stable due to
the conserved R-parity [12].

The BESII [13] and BABAR [14] experiments have set
the most stringent upper limits on the invisible decays of
J/y and Y(18), respectively, which are still above the SM
predictions [1]. The experimental exploration of invisible
decays for other quarkonium states (¢g, ¢ = u, d or s) may
help to constrain the masses of the LDM particles and the
coupling of the U boson to light quarks [15,16]. The
branching fraction B(V — yy) (V= w, ¢) is predicted
to be up to the level of 10™® by assuming the same
cross section for the time reversed processes, 6(qg — yy)=~
o(xx = qq) [6]. The search for these decays can be
performed via a two-body decay process of J/y — Vi.
In this paper, we report the first experimental search for the
invisible decays of @ and ¢ mesons via J/y — Vn using
(1310.6 + 7.0) x 10° J /y events collected with the BESIII
detector in 2009 and 2012 [17].

I1. BESIII EXPERIMENT AND
MONTE CARLO SIMULATION

BESIII is a cylindrical particle physics detector located
at the BEPCII facility, a double-ring e™e™~ collider with a
peak luminosity of 103 cm™2s~! at the center-of-mass
(c.m.) energy of 3.773 GeV. It has four detector subcom-
ponents with a coverage of 93% of the total solid angle as
described in Ref. [18]. Charged particle momenta are
measured in a 43-layer helium-based main drift chamber
(MDC) operating with a 1.0 T (0.9 T) solenoidal magnetic
field during 2009 (2012) J/w runs. Charged particle
identification (PID) is performed using the energy loss
(dE/dx) measured in the MDC with a resolution better than
6% and a time-of-flight (TOF) system consisting of 5 cm
thick plastic scintillators with a time resolution of 80 ps in
the barrel region and 110 ps in the end cap region,
respectively. Photon and electron energies are measured
in a CsI(Tl) electromagnetic calorimeter (EMC). The
energy (position) resolution of the EMC for 1 GeV
electrons and photons is 2.5% (6 mm) in the barrel and
5.0% (9 mm) in the end cap regions. The muons are
identified in a muon counter (MUC) containing nine (eight)
layers of resistive plate chamber counters interleaved with
steel in the barrel (end caps) region. The MUC provides a
spatial resolution better than 2 cm.

A large number of Monte Carlo (MC) events are
produced to optimize the event selection criteria, to study
the potential backgrounds and to determine the recon-
struction efficiencies. The MC simulation includes the
detector response and signal digitization models simulated
by GEANT4 [19] and takes into account time-dependent
detector effects, such as beam related backgrounds and
detector running conditions during the data-taking period.
A MC sample of 1225 x 10° inclusive J/y events is

generated for background studies. The known J/y decay
modes are generated by the EVTGEN generator package
[20] with the branching fractions taken from the Particle
Data Group (PDG) [21], while the remaining unknown J /y
decay modes are generated by the LUNDCHARM [22]
generator. The production of the J/y resonance via e*e™
annihilation is simulated by the Kkmc [23] including the
effects of the beam energy spread and initial state radiation
(ISR). We use a helicity amplitude model for the J/y —
Vi decay, an @ Dalitz plot distribution model for the ® —
atn~7° decay [24], an 5 Dalitz plot distribution model for
the n — n"2~7° decay [25], a vector meson decaying to a
pair of scalar particles model for the ¢ — KK~ decay, and
a phase space model for V — vu decays [20].

III. ANALYSIS STRATEGY

The search for invisible decays of @ and ¢ mesons is
performed by using the two-body J/w — Vi decay proc-
ess. The candidate events are tagged with the 5 recon-
structed from its 777 7% decay mode, and the mass
distribution of the system recoiling against the # candidate
is used to investigate invisible decays of @ and ¢ mesons.
The more prominent decay mode of # — yy is not used for
the tagging due to the huge background contamination.

In order to minimize the systematic uncertainty, the
decays @ —» 272 7° and ¢ - KTK~ from J/y — Vp
decays are reconstructed as reference channels. The ratio
of the branching fraction of the invisible decay to that of the
visible decay of V mesons is measured by

o invisible . _visibl
B(V - invisible) ~ Ngg"™"c - €"0¢

B(V — ViSible) - N;/iigible . ginvisible * <1)

where NV and Ns®'° are the numbers of signal events

for the invisible and visible decays, respectively, and the
enVisitle and ¢Visible are the corresponding detection effi-
ciencies. By applying this method, the systematic uncer-
tainties associated with the total number of J/y events, the
branching fractions B(J/w — Vn) and B(n — ntzx°),
and the reconstruction of # candidates (such as tracking,
PID and photon detection efficiency, etc.) are canceled.

IV. DATA ANALYSIS

The charged tracks are measured in the MDC with the
polar angle @ satisfying |cos 8| < 0.93. They must have the
points of closest approach to the beam line within
4+10.0 cm from the interaction point along the beam
direction and +1.0 cm in the plane perpendicular to the
beam. PID for the charged tracks is accomplished by
combining the measured energy loss (dE/dx) in the
MDC; the flight time obtained from the TOF; and the
electromagnetic cluster shower information from the EMC
to form the likelihoods for electron, kaon, and pion
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hypotheses. A charged pion is identified by requiring the
PID probability of its pion hypothesis to be larger than the
kaon and electron hypotheses.

The photon candidates, reconstructed using the clusters of
energy deposited in the EMC, are selected with a minimum
energy of 25 MeV in the barrel region (| cosd| < 0.8) or
50 MeV in the end cap region (0.86 < |cos 8| < 0.92). To
improve the reconstruction efficiency and energy resolution,
the energy deposited in the nearby TOF counters is included.
The angle between a photon and the nearest extrapolated
track in the EMC is required to be greater than 10 deg to avoid
any overlap between charged and neutral tracks. In order to
suppress electronic noise and energy deposits unrelated to the
signal events, the EMC timing of the photon candidate is
required to be within 700 ns relative to the event start time.
A 7° candidate is reconstructed from a photon pair candidate,
and the two-photon invariant mass is constrained to the
nominal value of the z° meson [21] by performing a
kinematic fit.

A. Invisible decays of ® and ¢ mesons

For studies of the invisible decays of a V meson using the
decay chain J/y — Vi, n = a2~ 7°, the event candidate
is required to have two oppositely charged tracks identified
as pions. A vertex fit is performed to these two charged
tracks to ensure that they originate from a common vertex.
The #° candidate for which the z*7z~z° invariant mass
(M ,+ - ,0) 1s closest to the nominal mass of the # meson [21]
is considered as originating from the  decay. An 7 candidate
is required to have M., o within [0.52,0.57] GeV/c>.
With the above requirements, MC studies indicate that the
dominant backgrounds are from J/y — Vi with the V
meson decaying into purely neutral final states, such as
w—yr® and ¢ — KsK;, Kg— n°2°. Thus, EFX"™ js
required to be less than 0.2 GeV, where EE"““ i1s the sum
of energies of the extra photons, which are not used in the 5
reconstruction. Furthermore, the polar angle of the system
recoiling against the selected n candidate, 6., 1S required to
satisfy | cos O,ecoi| < 0.7 to further eliminate the background
contributions from J/y — X, where X can be any final state
emitted in the region which is not covered by the acceptance
of the detector.

The signals of the invisible decays of @ and ¢ mesons
are inferred from the invariant mass of the system
recoiling against the selected # candidate, defined as

Vv — 2 2 :
Moo = \/(Ecm - En*n’no) - Pﬂ+”—ﬂ0s where E,,, is the

c.m. energy and E_. -0 and P_. -0 are the energy and
momentum of the zt7z~z° system in the c.m. frame,
respectively. The MY, . ., distribution of the event candidates
for the data range [0.40, 1.35] GeV/c? is shown in Fig. 1.
The expected distributions for @ and ¢ invisible decay
signals by MC simulation are also depicted in the plot.

Detailed studies of the inclusive J/y decay sample indicate

[—4— Jiy data I o>y Me
- Jhy—¢m, 6—anything MC - Jhy—on, o—anything MC|
H | signal MC (o—invisible) 1 Side-band data

6 [T signal MC (¢—invisible)

o]

Entries/(0.01 GeV/c?)

0.4 0.6 0.8 1 1.2
MY ., (GeV/c?)

FIG. 1. Invariant mass recoiling against the selected 7 candidate
(M. for data (black dot points with error bars), signal MC
samples (pink and black histograms for @ and ¢, respectively),
and various expected backgrounds shown as different colored

histograms.

that the nonpeaking backgrounds are dominated by proc-
esses with non-n# mesons in the final state, which can be
evaluated with the normalized events in the # mass side-
band regions, as shown by a cyan histogram in Fig. 1. The
nonpeaking background from J/y — yn, which has a large
branching fraction, is evaluated to be 1.8 events with
negligible uncertainties by using an exclusive MC sample
normalized according to the branching fractions quoted by
the PDG [21] and is ignored in the following analysis. The
possible peaking background is from the decay J/yw — Vi
with the V meson decaying visibly. The numbers of
peaking backgrounds are evaluated to be 0.1 for J/y —
wn and 2.0 for J /yw — ¢pn with negligible uncertainty using
the simulated MC samples normalized according to the
measured branching fractions of J/w — Vg described in
Secs. IV B and IV C, respectively, and the corresponding
distributions are presented in Fig. 1. The backgrounds from
other sources are negligible. The MY, . distributions of
simulated signal MC events for invisible decays of @ and ¢
mesons are observed to be well consistent with the data and
MC simulations of their visible decays described in
Secs. IV B and IV C, respectively.

An extended maximum likelihood (ML) fit to the Mr‘gcoﬂ
distribution is performed to obtain the signal yield (N).
The probability density function (PDF) of the V meson
invisible decay signal and peaking background is described
by their MC simulated shapes, while that of the nonpeaking
background is represented by an increasing exponential
function. In the fit, the number of peaking background
events is fixed, while the parameters of the nonpeaking
background PDF and the yields for signal and nonpeaking
background events are free parameters in the fit. The ML fit
yields N, = 1.4 + 3.6 events for the  — invisible decay
and Ng, = —0.6 £ 4.5 for the ¢ — invisible decay. The
obtained N, events for both decay modes are consistent
with zero, and no evidence of invisible decays of @ and ¢

mesons is observed. The fitted MY, ., are shown in Fig. 2.
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FIG. 2. Fittothe M r‘gw“ distribution for @ (top) and ¢ (bottom)
signals. The data are shown by the dots with error bars,
the nonpeaking background is shown by the green dashed curve,
the peaking background is shown by the cyan dashed curve, the
signal is shown by the red dashed curve, and the total fit is shown

by the blue solid curve.

The corresponding signal detection efficiencies, estimated
with the MC simulation, are 20.5% and 21.3% for @ and ¢
invisible decays, respectively.

B. Visible decay mode w — 7+ 7~ z°

The candidate events of J/w — wn with subsequent
decays w — 7"z~ 7" and 5 — #tx~ 7" are required to have
four charged tracks with net charge zero and at least two
independent 7z° candidates without sharing the same
photon. The four charged tracks are assumed to be pions
and required to originate from a common vertex by
performing a vertex fit. For an event with multiple 7°7°
pair candidates, the one with the least value of p™'is selected,
where p' is the total momentum of the 2(z "z~ z") candi-
dates. The total energy (E'") of the selected candidate is also
required to satisfy E™ > 295 GeV. For a selected
2(z* 7 x°) final state, the combinations of z* 7z~ 7" for @
and # signals are determined by

Kon = (M%”_”Oz_ Mol 4 (M;”_”Oz_ LIS

o5 (o

where MX, _ | (X = w, n) is the invariant mass of the
T

n" n~7° combination for the X candidate, My is the nominal

X meson mass quoted by the PDG [21], and oy is the

corresponding mass resolution determined from the signal
MC simulation. All eight combinations of (z7z~z%), vs
(z* 7~ x°), are explored, and the one with the least y,, is

selected. In order to improve the purity of pions in the  —
at 7Y decay and to minimize the systematic uncertainty in
the analysis, PID for charged pions from the # decay is
performed, but no PID requirement for those from o decay
due to the tiny expected background contribution from @ —
Itl=7° (I=e, p) in the full J/y data sample. Similarly
to the invisible decay, the polar angle of the system recoiling
against the # candidate 6., 1s required to satisfy
| cOS Orecoit| < 0.7 to minimize the systematic uncertainty.
The selected candidate events are further required to
have M®, _ , and M", _ , in the ranges [0.65, 0.98] and
T T T
[0.41,0.65] GeV/c?, respectively. Figure 3 shows the two-
dimensional (2D) histogram of M O o VSM :’ﬁﬂ,”o for data.
The remaining backgrounds are dominated by those with
the same final state as the signal, among which the first one
neither includes @ nor 7 intermediate states, such as
nonresonant contribution of J/w — 2(z*z~z°) (named
BKGI thereafter) and the second one either includes w
or 7 intermediate state, such as J/y — wz" 2~ z° (named
BKGII thereafter). In addition, there is a small peaking
background for both M®, _ ; and M", _ , simultaneously
T T T
(named BKGIII thereafter), dominated by J/w — wn with
the subsequent decays w — 7272~ z° and 5 — yata .
Consequently, the contributions of BKGI and BKGII are
determined by performing a 2D ML fit to M?, _, and
MZ+”_HO, while BKGIII is determined by using a corre-
sponding exclusive MC sample normalized according to
the branching fractions quoted by the PDG [21]. The
BKGIII yield, estimated to be 1085.8 £ 126.6 events,
the uncertainty of which includes the uncertainties of both
the total number of J/y events and the branching fractions
of the corresponding decay process, is subtracted from the
signal yield obtained from the 2D ML fit, eventually.
Detailed MC studies indicate that the distributions of
M?. _ ,and M Z*;fno are uncorrelated as no kinematic fit is
performed. Therefore, in the 2D ML fit, a 2D PDF can be

0.65 gz

1000
__ 08
S 800
> g
o 0.55 8
& 600
£ 05 400
= B

0.45 200

| | | | | 1 0
065 07 075 0.8 085 09 0.95
M2, (GeV/c?)

FIG. 3. Distribution of M®, _ , versus M", _ , for data.
T T
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the direct product of the two one-dimensional (1D) PDFs
for the two variables. Furthermore, MC studies validate that
the 1D line shapes for the @ () meson are identical
between the signal and the peaking background (BKGII).
Consequently, the full 2D PDF used in the ML fit is
constructed by

_ pndata | o | g R 2O N o
F = Nsig Fsig Fsig + kag Fbkg Fbkg
(0] w " n ® "
+ Niie " Foio " Fikg + Nokg - Fike " Faigr - (3)

where Ngf‘gm is the number of signal events including the

contribution from BKGIII and Ny, Ny, and N gkg are the
numbers of events for BKGI and BKGII with @ and 7

intermediate states, respectively. g, and F’ Zig are the PDFs

of w and # signals in the 7z~ 7" invariant mass spectrum,
respectively, described by the sum of two crystal ball (CB)
functions [26] with common mean and sigma values but
opposite sides and different parameters for tails. F; bke

represents the non-o component in the M?, _, distribution

and is described by a second order Chebyshev polynomial
function. Fy,, is the non-n component in the M”, _,
distribution and is represented by a reversed ARGUS
function [27], defined as

ngg(m) =m- (1 — (X — m)Z/tZ)a
cexp(=b- (1 — (X —m)?/1?)), (4)

where X is the sum of the lower and upper limits of the fit
range, a and b are constant coefficients, and ¢ is the upper
limit of the fit range. All the parameters of Eq. (3) are left
free during the fit except the upper and lower limits of the
fit range.

The projections of the ML fit to the M?. _ , and M Z+E,”0
distributions are shown in Fig. 4. The fit yields

Ngi?;‘ = 32528 +283. After subtracting the contribution

of BKGIII, the net number of signal events is N, =
31442 £+ 314. The branching fraction of J/yw — wn is
calculated after taking into account N, the detection
efficiency 6.2% obtained from the corresponding MC
sample, and the decay branching fractions of ® —
atn= 2% and n — nt7~7° quoted by the PDG [21]. This
measured branching fraction is observed to be larger by 12%
with respect to its world average value but consistent within
the uncertainty.

C. Visible decay mode of ¢ — K*K~

For the candidate events of J/y — ¢n with subsequent
decays ¢ — K*K~ and n — ntz~7°, the 5 candidate is
reconstructed with exactly same process as described in
Sec. IVA, and the ¢ candidate is reconstructed by two
additional oppositely charged tracks, which are assumed
to be kaons without any PID requirement. The total energy
of the selected K*K~z7z~7" final state must satisfy
E"™ > 2.95 GeV. Similarly, the polar angle of the system

Events/(0.0011 GeV/c?)

M., (GeV/c?)

T

10°

102

10

Events/(0.0008 GeV/c?)

FIG. 4. Projections of the 2D fit to the M., (top) and
M']ﬁﬁ,ﬂo (bottom) distributions. Data are shown by dot points

with error bars, the signal is shown by the dashed green curve,
BKGI is shown by the long-dashed pink curve, BKGII with the @
intermediate state is shown by the dotted cyan curve, BKGII with
the 7 intermediate state is shown by the dash-dotted red curve,
and the total fit is shown by the solid blue curve.

recoiling against the 7 candidate 6, is required to satisfy
| €08 Brecoit| < 0.7 to minimize the systematic uncertainty.
The candidate events with invariant mass of K™K~ in the
range [0.987,1.10] GeV/c? are kept for further studies
(Fig. 5). The remaining backgrounds are analogous to
BKGI, BKGII, and BKGIII in the J/yr — wn visible decay
obtained by replacing @ with the ¢ signal and the
corresponding 7zt z~2" with K*K~. Similarly, the contri-
butions of BKGI and BKGII are determined by a 2D ML
fit, and the BKGIII of 238.6 + 26.0 events, estimated with
an exclusive MC sample of J/w — ¢n with subsequent
decays ¢ —» K™K~ and 5 — yzTz~ and normalized
according to the branching fractions quoted by the PDG
[21], is subtracted from the signal yield obtained from the
2D ML fit.

A similar 2D ML fit comprising M% x- and MZ g0 18
carried out to obtain the signal yield. The parametrizations
of the 1D PDF for # and non-7 components in MZ+,,—,,O are
the same as those used in the case of the J/y — wn visible

decay. The 1D PDF for the ¢ signal in the M%.,
distribution is described by a relativistic Breit-Wigner
(BW) [21] function convolved with a Gaussian function
representing the mass resolution, where the mass and width

of the ¢ signal are taken from the PDG [21], and the

032001-7



M. ABLIKIM et al.

PHYS. REV. D 98, 032001 (2018)

0.65

700

. 06[ 600
N
LQ

> 055 500

G 400

£ 05 300
= B

200

0.45 100

0

1 102 104 106 108 1.1
0
My (GeV/c?)

FIG. 5. Distribution of M? k- VS MZ+”,”0 for data.

parameters of the Gaussian function are left free in the fit.
For the non-¢p components in M? K-> its 1D PDF is
represented by a reversed ARGUS function [27] as
described in Sec. IV B by fixing the threshold parameter
t to the upper limit of the fit range. The ML fit yields

N§* = 19534 + 186, and the MY, . and M", _ , projec-

tions are shown in Fig. 6. The net number of signal events
after subtracting the contribution of BKGIII from Ngf‘g‘a is

Ng, = 19295 + 188. We compute the branching fraction

10°

_ —_———

“ R
T~

Events/(0.0004 GeV/c?)
>

\

1
—1 L L L L | L L ¥ N
10 1 1.05 1.1

UL B L B

i‘;;|4
il
|u-
05 o6
M., (GeV/c?)

i

Events/(0.0008 GeV/c?)

T

107"

FIG. 6. Projections of the 2D fit to the M‘If'(+ - (top) and M;’[+ﬂ,”o
(bottom) distributions. The data are shown by the dots with error
bars, the signal is shown by the dashed green curve, BKGI is
shown by the long-dashed pink curve, BKGII with the ¢
intermediate state is shown by the dotted cyan curve, BKGII
with the 7 intermediate state is shown by the dash-dotted red
curve, and the total fit is shown by the solid blue curve.

of J/y — ¢n by taking into account Ng,, the detection
efficiency 15.8% from the corresponding MC sample,
and the decay branching fractions of ¢ - K"K~ and
n — nta~x° from the PDG [21]. The measured branching
fraction of J /yr — ¢ is also larger by 12.0% over its world
average value [21] but consistent within the uncertainty.

V. SYSTEMATIC UNCERTAINTY

Since we measure the relative ratios of the branching
fractions of invisible decay to that of corresponding visible
decay, the systematic uncertainties associated with the
number of J/y events, the reconstruction efficiency of
n — n"n~ 7", the requirement on cos @,..;, and the branch-
ing fractions of 7 — zt7~2° and J/y — Vy cancel. The
remaining sources of systematic uncertainties are associ-
ated with the fit procedure of the invisible and visible
decays, the Ef’““‘ requirement in the invisible decay, the
charged track reconstruction, the trigger efficiency, photon
detection, and the E*' requirement for the visible decay and
the branching fractions of @ = z77277° and ¢ - KTK~
decays. The details of the evaluation of individual uncer-
tainties are described below and summarized in Table I.

The systematic uncertainty associated with the fit pro-
cedure in the invisible decays, which can reduce the
significance of any observation but does not scale with
the reconstructed signal yields, is considered to be an
additive systematic uncertainty. The other remaining
sources of systematic uncertainties, which do not affect
the significance of any observation but scale with the
number of reconstructed signal yield, are considered
multiplicative systematic uncertainties.

The systematic uncertainties associated with the tracking
efficiency of the kaon and pion are 1.0% for each track,
obtained by investigating the control samples of J/y —

KSK*z¥ and J/w - n'n pp, respectively. The

TABLE I. Systematic uncertainties and their sources.

Source ® decays ¢ decays
Additive systematic uncertainties (events)

Fixed PDFs 0.1 0.1

Background modeling 1.6 1.0

Total 1.6 1.0
Multiplicative systematic uncertainties (%)

Charged tracks reconstruction 2.0 2.0

Photon detection 2.0

EEX"™ requirement 1.1 1.1

7° reconstruction 1.0

E™' requirement 2.1 1.0

Fit parameters (visible decays) 0.3 negl.

Blw— nta /¢ - KTK™) 0.8 1.0

N3P uncertainty 1.0 1.0

Trigger efficiency 0.1 0.1

Total 4.0 2.9
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systematic uncertainty of the photon reconstruction effi-
ciency is less than 1.0% per photon, investigated with a
control sample sample of e™e™ — yu ™~ in which the four-
momenta of two muons are used to obtain the ISR photon
momentum [28]. The uncertainty associated with the EE’“ra
requirement in the invisible decay is determined to be 1.1%
by comparing the corresponding detection efficiencies
between data and MC simulation with a control sample
of J/y — n*x~x°. The systematic uncertainty due to z°
reconstruction efficiency is determined to be 1.0% using a
control sample of J/y — ppz°. The uncertainty associated
with the E™' requirement in the visible decay processes is
explored with the relative efficiency with respect to an
alternative requirement E'' > 2.6 GeV, where the signal
loss is expected to be negligible. The relative differences in
efficiency between data and MC simulation, 2.1% and
1.0% for w and ¢ visible decays, respectively, are consid-
ered as the uncertainties.

The BESIII trigger system combines the information
from the subdetectors of the EMC, MDC, and TOF to select
the events of interest for readout [29]. We study the trigger
efficiency with a control sample of J/y — 7tz z° and
find the efficiency is almost 100% for an event with two
charged and two photons by considering the different
kinematics of the final state. We assign 0.1% as a
systematic uncertainty related with the trigger efficiency.

The uncertainty associated with the fit procedure in
invisible decays originates from the signal PDF, nonpeaking
background modeling, and the fit bias. The uncertainty due to
the signal PDF is estimated by an alternative fit with the sum
of the two CB functions for the signal PDF, where the
corresponding parameters of the CB functions are obtained by
fitting the simulated MC samples and fixed in the fit. The
uncertainty due to the nonpeaking background shape is
estimated by using an alternative PDF of a second order
Chebyshev polynomial function in the fit. The relative
changes in the results are taken as the uncertainties. A large
number of pseudoexperiments with a fixed amount of signal,
peaking, and nonpeaking background events expected from
the data are generated to examine the bias of the fit procedure.
The same fit procedure is repeated for each MC set, and the
average shift of resultant signal yields can be taken as
systematic uncertainty and is found to be negligible.

The uncertainty related to the fit procedure for the
reference decay is obtained in an analogous way. The
uncertainty due to the fixed PDF parameters of the BW in
the ¢ — K™K~ decay is evaluated by varying each param-
eter within its statistical uncertainty while taking the
correlations between the parameters into account. The
uncertainty associated with the PDFs for the non-@ compo-
nent on the M. _ , distribution is estimated by changing
the order of the Chebyshev polynomial function. The

uncertainties associated with the PDFs for the non- com-
)

KK~
estimated by modifying the formula of Eq. (4) as F Zkg (m)=

ponent in M :’mmo and the non-¢ component in M are

m?/t-(1=(X=m)?/1?)*-exp(=b-(1=(X—m)?*/*)). The
largest relative change of the signal yields of individual
alternative fits is considered as a systematic uncertainty, and
the total uncertainty associated with the fit procedure is the
quadrature sum of the individual values.

The uncertainties associated with the branching fractions
of w or ¢ visible decays are taken from the PDG [21] and
included only in the results for the branching fractions.

VI. RESULTS

No obvious signal for @ and ¢ invisible decays is
observed. We compute the upper limits on the ratio of
branching fractions of the invisible decay to that of the
B(w—invisible) d B(¢p—invisible)
B(o—rt 7= 7°) B(¢p—K"K™) >
at the 90% C.L. using the Bayesian approach [21],
B(w—invisible)
B(o—rtz=70)

corresponding visible decay,

individually. The branching fraction ratios of

B(¢p—invisible)
and Ty

after incorporating obtained signal yields and the corre-
sponding detection efficiencies for the visible and invisible
decays as presented above. The systematic uncertainty is
included by convolving the likelihood vs the branching
fraction ratio curve with a Gaussian function with a width
equal to the systematic uncertainty. The upper limits on the

) . . o
branching fraction ratios are measured to be S.=invisible)
B(o—rntn %)

8.1 x 107 and %m<3.4x 10™* for @ and ¢

mesons, respectively, at the 90% C.L. after integrating
their likelihood vs branching fraction ratio curves from zero
to 90% of the total curve. By using the branching fractions of
o — ntx 7" and ¢ - KT K~ quoted by the PDG [21], the
upper limits on the invisible decay branching fractions at
the 90% C.L. are calculated to be B(w — invisible) < 7.3 x
10~ and B(¢ — invisible) < 1.7 x 1074, individually.

are calculated using the formula of Eq. (1)

VII. SUMMARY

Using a data sample of (1310.6 +7.0) x 10° J/y
events collected by the BESIII experiment at the BEPCII
collider, a search for the invisible decays of @ and ¢
mesons in J/y — Vi decays is performed for the first
time. We find no significant signal for these invisible
decays and set 90% C.L. upper limits on the ratio of

branching fractions of invisible decays to that of the
St <1 x
1072 and % < 3.4 x 1074, respectively. The upper
limits on the branching fractions B(w — invisible) and
B(¢ — invisible) are also determined to be less than
7.3 x 1073 and 1.7 x 107*, respectively, at the 90% C.L.
by using B(w — nt27°) and B(¢p - K*K~) from the
PDG [21]. These results can provide complementary
information to study the nature of dark matter and constrain
the parameters of phenomenological models [15,16].

corresponding visible decays to be
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