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BEPCII and BESIII at IHEP, Beijing

5	August	2016	 Ron	Poling	-	ICHEP	2016	 2	

Beijing Electron Positron Collier II

Beam energy: 1.0− 2.3GeV
Peak luminosity: 1.00× 1033 cm−2s−1

5	August	2016	 Ron	Poling	-	ICHEP	2016	 3	

BESIII	Detector	

•  Main	DriR	chamber:		115	μm	single-hit	resoluVon,	0.5%	p	
resoluVon	at	1	GeV/c,	<5%	dE/dx	resoluVon	

•  CsI	EM	calorimeter:	2.5%	energy	resoluVon	at	1	GeV		

1-Tesla	

BEijing Spectrum III

NIM A 614, 345 (2010)
Good detector performance

MDC: σp

p
= 0.5% @ 1GeV/c

dE/dx = 6%
σxy = 120µm

EMC: ∆E
E

= 2.5% @ 1GeV
σ = 0.6 cm

TOF: σT = 80 ps (Barrel)
110 ps (Endcap)

60 ps for ETOF since 2015
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Data samples

6 

World largest data sample on J/ψ, ψ’ ψ(3770), unique data sample at 
XYZ region 

BESIII DATA SET 

R-scan	sample	151	energy	points	

1.3 B 0.5 B 

2.9 fb-1 

0.5 fb-1 

4010 
3.0 fb-1 

4180 1.0 fb-1 

4420 

0.5 fb-1 

4600 

1.9 fb-1 

4230/4260 

0.5 fb-1 

4360 

3.8 fb-1 

4190-4280 

XYZ-scan	sample	
18+8	energy	points	

World largest data samples on J/ψ, ψ(2S), ψ(3770), unique XY Z
More J/ψ data were taken in 2018, available for physics study soon
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Highlights of new physics searches at BESIII

BSM phenomena – BSM resonances, invisible quarkonium decays
4 e+e− → γISRγ

′, γ′ → e+e− Dark photon
4 J/ψ → η/η′ γ′, γ′ → e+e− Dark photon
4 J/ψ → η ω/ϕ, ω/ϕ→ invisible Invisible quarkonium decay
4 J/ψ → γA0, A0 → µ+µ− Light Higgs boson

Forbidden processes – Baryon/lepton number, lepton flavor violations
4 J/ψ → Λ+

c e
− + c.c. BNV+LNV

Rare processes – FCNC, weak decays of charmonium c→ d, c→ s

4 ψ(2S) → Λ+
c p̄e

+e− FCNC
4 ψ(nS) → D0e+e− FCNC
4 D → h(h′)e+e− FCNC

See Dayong Wang, Peking University, July 7
Precision measurements – e.g. lepton universality test

sjchen@nju.edu.cn New Physics Searches at BESIII 7/5/2018 6 / 28



Outline

1 Search for New Physics at BESIII

2 BSM Phenomena
Dark photon
Invisible quarkonium decay
Light Higgs boson

3 Forbidden Processes

4 Summary and Prospects

sjchen@nju.edu.cn New Physics Searches at BESIII 7/5/2018 7 / 28



Outline

1 Search for New Physics at BESIII

2 BSM Phenomena
Dark photon
Invisible quarkonium decay
Light Higgs boson

3 Forbidden Processes

4 Summary and Prospects

sjchen@nju.edu.cn New Physics Searches at BESIII 7/5/2018 8 / 28



Dark sector and portal

Numerous astrophysical observations
strongly suggest the existence of DM,
which provides a hint of dark sector
(hidden sector)
There could exist many dark sectors that
communicate with the SM sector via
portals
R. Essig et al., arXiv:1311.0029 (2013)

dark matter (DM). DM dominates the matter density in our Universe, but very little is known

about it. Its existence provides a strong hint that there may be a dark sector, consisting of

particles that do not interact with the known strong, weak, or electromagnetic forces. Given

the intricate structure of the SM, which describes only a subdominant component of the

Universe, it would not be too surprising if the dark sector contains a rich structure itself,

with DM making up only a part of it. Indeed, many dark sectors could exist, each with

its own beautiful structure, distinct particles, and forces. These dark sectors (or “hidden

sectors”) may contain new light weakly-coupled particles, particles well below the Weak-scale

that interact only feebly with ordinary matter. Such particles could easily have escaped past

experimental searches, but a rich experimental program has now been devised to look for

several well-motivated possibilities.

Dark sectors are motivated also by bottom-up and top-down theoretical considerations.

They arise in many theoretical extensions to the SM, such as moduli that are present in

string theory or new (pseudo-)scalars that appear naturally when symmetries are broken at

high energy scales. Other powerful motivations include the strong CP problem, and vari-

ous experimental findings, including the discrepancy between the calculated and measured

anomalous magnetic moment of the muon and puzzling results from astrophysics. Besides

gravity, there are only a few well-motivated interactions allowed by SM symmetries that

provide a “portal” from the SM sector into the dark sector. These portals include:

Portal Particles Operator(s)

“Vector” Dark photons − ε
2 cos θW

BµνF
′µν

“Axion” Pseudoscalars a
fa
FµνF̃

µν , a
fa
GiµνG̃

µν
i ,

∂µa

fa
ψγµγ5ψ

“Higgs” Dark scalars (µS + λS2)H†H

“Neutrino” Sterile neutrinos yNLHN

The Higgs and neutrino portal are best explored at high-energy colliders and neutrino facil-

ities, respectively. Our focus here will be on the vector and axion portals. While these can

also be explored at the cosmic and energy frontiers, they present particularly well-motivated

targets for several low-cost, high-impact experiments at the intensity frontier.

This paper is the summary of the work of the Intensity Frontier subgroup “New, Light,

Weakly-coupled Particles” of the Community Summer Study 2013 (“Snowmass on the Mis-

sissippi”). This paper updates and elaborates the summary included in the Fundamental

Physics and the Intensity Frontier workshop report [1]. This topic has also been studied in

the context of the European strategy [2].

The outline of this paper is as follows. The next subsection contains a brief executive

6
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Dark photon

Postulate an extra U(1) gauge symmetry, and the corresponding
gauge boson is called dark photon or U boson, γ′, A′, Z ′

d

It can decay into light DM particles χχ (invisible decays)
or decay into the SM qq̄, ℓ+ℓ−, νν̄ (visible/invisible decays)

4 direct and very weak interaction
4 kinetic mixing with the SM photon, or mass mixing with the Z

Lint = −
(
εeJEM

µ + εZ
g

2 cos θW
JNC
µ

)
Zµ
d

▶ mixing strength ε =
√

α′/α ∼ 10−2 − 10−5 (could be smaller)
▶ mass ranges: MeV/c2 − GeV/c2 (εZ suppressed by (mA′/mZ)

2)

A resonant structure in the invariant mass spectrum
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Dark photon search (1)
e+e− → γISRγ

′, γ′ → ℓ+ℓ−
Phys. Lett. B 774, 252 (2017)
2.93 fb−1 ψ(3770)

Initial state radiation process: e+e− → γISRγ
′, γ′ → ℓ+ℓ−, ℓ = e, µ

Search for a narrow structure in mℓ+ℓ− on top of the continuum QED
background (e+e− → γISRℓ

+ℓ−)
4 Mass range b/w 1.5 & 3.4GeV/c2 is studied
4 J/ψ region excluded
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Figure 1: Leptonic invariant mass distributions mµ+µ− and me+e− after applying the selection requirements. Shown is data
(points) and MC simulation (shaded area), which is scaled to the luminosity of the data set. The marked area around the J/ψ
resonance is excluded in the analysis. The lower panel shows the ratio of data and MC simulation (points) and the ratio of fit
curve and MC simulation (histogram).

is the degree of freedom. To suppress non-ISR
background, the angle of the missing photon, θγ ,
predicted by the 1C kinematic fit, is required to
be smaller than 0.1 radians or greater than π − 0.1
radians. We apply stronger requirements for the
e+e−γISR final state, to provide a better suppres-
sion of the non-ISR background which is higher in
the e+e− channel compared to the µ+µ− channel.
In this case, χ2

1C/(dof=1) < 5, and θγ < 0.05 radi-
ans, or θγ > π − 0.05 radians.

Background in addition to the radiative QED
processes µ+µ−γISR and e+e−γISR, which is irre-
ducible, is studied with MC simulations and is
negligible for the e+e−γISR final state, and on
the order of 3% for µ+µ− invariant masses below
2 GeV/c2 due to muon misidentification, and neg-
ligible above. This remaining background comes
mostly from π+π−γISR events. We subtract their
contribution using a MC sample, produced with
the phokhara generator. The subtraction of this
background leads to a systematic uncertainty due
to the generator precision smaller than 0.5%.

The µ+µ− and e+e− invariant mass distribu-
tions, mµ+µ− and me+e− , which are shown sepa-
rately in Fig. 1, are mainly dominated by the QED
background but could contain the signal sitting on
top of these irreducible events. For comparison with
data, MC simulation, scaled to the luminosity of
data, is shown, although it is not used in the search
for the dark photon. In this analysis, the dark pho-
ton mass range mγ′ between 1.5 and 3.4 GeV/c2

is studied. Below 1.5 GeV/c2 the π+π−γISR cross

section with muon misidentification dominates the
mµ+µ− spectrum. Above 3.4 GeV/c2 the hadronic
qq̄ process can not be suppressed sufficiently by the
χ2
1C requirement. In order to search for narrow

structures on top of the QED background, 4th or-
der polynomial functions to describe the continuum
QED are fitted to the data distributions shown in
Fig. 1. The mass range around the narrow J/ψ res-
onance between 2.95 and 3.2 GeV/c2 is excluded.

The differences between the µ+µ−γISR and
e+e−γISR event yields and their respective 4th order
polynomials are added. The combined differences
are represented by the black dots in Fig. 2. A dark
photon candidate would appear as a peak in this
plot. The observed statistical significances are less
than 3σ everywhere in the explored region. The
significance in each invariant mass bin is defined as
the combined differences between data and the 4th
order polynomials, divided by the combined statis-
tical errors of both final states. In conclusion, we
observe no dark photon signal for 1.5 GeV/c2 <mγ′

< 3.4 GeV/c2, where mγ′ is equal to the leptonic
invariant mass ml+l− . The exclusion limit at the
90% confidence level is determined with a profile
likelihood approach [23]. Also shown in Fig. 2 as
a function of ml+l− is the bin-by-bin calculated ex-
clusion limit, including the systematic uncertainties
as explained below.
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ducible, is studied with MC simulations and is
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2 GeV/c2 due to muon misidentification, and neg-
ligible above. This remaining background comes
mostly from π+π−γISR events. We subtract their
contribution using a MC sample, produced with
the phokhara generator. The subtraction of this
background leads to a systematic uncertainty due
to the generator precision smaller than 0.5%.

The µ+µ− and e+e− invariant mass distribu-
tions, mµ+µ− and me+e− , which are shown sepa-
rately in Fig. 1, are mainly dominated by the QED
background but could contain the signal sitting on
top of these irreducible events. For comparison with
data, MC simulation, scaled to the luminosity of
data, is shown, although it is not used in the search
for the dark photon. In this analysis, the dark pho-
ton mass range mγ′ between 1.5 and 3.4 GeV/c2

is studied. Below 1.5 GeV/c2 the π+π−γISR cross

section with muon misidentification dominates the
mµ+µ− spectrum. Above 3.4 GeV/c2 the hadronic
qq̄ process can not be suppressed sufficiently by the
χ2
1C requirement. In order to search for narrow

structures on top of the QED background, 4th or-
der polynomial functions to describe the continuum
QED are fitted to the data distributions shown in
Fig. 1. The mass range around the narrow J/ψ res-
onance between 2.95 and 3.2 GeV/c2 is excluded.

The differences between the µ+µ−γISR and
e+e−γISR event yields and their respective 4th order
polynomials are added. The combined differences
are represented by the black dots in Fig. 2. A dark
photon candidate would appear as a peak in this
plot. The observed statistical significances are less
than 3σ everywhere in the explored region. The
significance in each invariant mass bin is defined as
the combined differences between data and the 4th
order polynomials, divided by the combined statis-
tical errors of both final states. In conclusion, we
observe no dark photon signal for 1.5 GeV/c2 <mγ′

< 3.4 GeV/c2, where mγ′ is equal to the leptonic
invariant mass ml+l− . The exclusion limit at the
90% confidence level is determined with a profile
likelihood approach [23]. Also shown in Fig. 2 as
a function of ml+l− is the bin-by-bin calculated ex-
clusion limit, including the systematic uncertainties
as explained below.

5
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Dark photon search (1)
e+e− → γISRγ

′, γ′ → ℓ+ℓ−
Phys. Lett. B 774, 252 (2017)
2.93 fb−1 ψ(3770)

Fit mµ+µ− and me+e− of data (4th order polynomials)
Calculate mass differences b/w data & fit for µ and e respectively

No peaking structure is
observed in the combined
“(data − fit)”

4.3. Combination of µ+µ−γ and e+e−γ events 41

the TRolke algorithm at a mass of 2.0 GeV. This procedure is performed for each mass bin separately.345

346

Figure 4.4 shows the comparison between the upper limits without taking the systematics into account347

(red) and propagating it (blue). The upper limit is higher when including the systematic uncertainties,348

as expected, because this leads to a larger value in the mixing parameter later on. This result will be349

used to calculate the exclusion limit in bins of the mixing parameter ε2 in section 4.4.350

4.3 Combination of µ+µ−γ and e+e−γ events351

To calculate the combined exclusion limit of the investigated µ−µ−γ and e+e−γ the event yields from352

data and the fitting results obtained from the fits to data are added bin-by-bin. For example: In an353

m2l mass bin (l stands for "leptons", m2l is equal to either m2µ or m2e) one finds Nµ µ+µ−γ events354

after the muon event selection and Ne e+e−γ events after the electron event selection. The fits to the355

individual m2µ and m2e mass distributions in data (as shown in Fig. 3.6 and Fig. 3.7) give Nfit,µ and356

Nfit,e as continuum background estimates. The sum of the event yields Nl = Nµ +Ne is compared to357

the sum of the continuum background estimates Nfit,l = Nfit,µ +Nfit,e. Their difference Nl −Nfit,l358

is displayed as black dots in Fig. 4.5. The exclusion limit on these combined result is calculated as359

explained above, using the TRolke approach, and is displayed as red histogram in Fig. 4.5.360
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Figure 4.5: Difference between data and the polynomial fit to data (dots) after combining the µ−µ−γ and
e+e−γ events yields. The red solid histogram represents the exclusion limit with 90% confidence,
calculated with the TRolke approach and including the systematic uncertainty. The region around
the J/ψ resonance between 2.95 and 3.2 GeV/c2 is excluded.

A comparison between the exclusion limits determined with µ−µ−γ events, e+e−γ events, and their361

combination is shown in Fig. 4.6. The exclusion limits are given in bins of the mixing parameter ε and362

Upper limits on ε @ 90% C.L.:
10−3 − 10−4

(comparable to BaBar)

4.7. Result and conclusion 55

4.7 Result and conclusion549

The final dark photon exclusion limit in bins of the dark photon mass and the mixing parameter ε is550

calculated using formula 4.1 and solving it for ε. The mass dependent total systematic uncertainty is551

included as described in section 4.5.552

553

In summary, we search for a dark photon signal using its possible decay into µ+µ− and e+e− pairs554

using the untagged initial state radiation process. Therefore, the whole ψ(3770) data set was used. No555

evidence for a signal is found within the statistics of this data set. Hence, an exclusion limit on the556

mixing parameter ε2 is calculated in bins of the dark photon mass mγ′ using the TRolke algorithm..557

The systematic uncertainties are included in the determination of the upper limit. As cross check the558

limit is also calculated using the Feldman-Cousins Algorithm and the normalization method used in559

the BaBar analysis.560

The comparison to all existing dark photon limits in bins of ε is shown in Fig. 4.17, in a logarithmic561

scale in mγ′ , which is the common way to present it. We want to stress that the BESIII result based on562

2 years of data taking (2.9 fb−1), are already competitive to the large BaBar data samples, based on 9563

years of running (514 fb−1). This is possible due to the use of untagged ISR events for the dark photon564

search. And here we use a difference analysis approach, which has no dependence on the radiator565

function.566
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Dark photon search (2)
J/ψ → η′/ηγ′, γ′ → e+e−

BESIII Preliminary (2018)
1310.6× 106 J/ψ

First search for γ′ in E.M. Dalitz decays:
J/ψ → η′γ′, γ′ → e+e− η′ → γ/η π+π−

J/ψ → ηγ′, γ′ → e+e− η → γγ or π+π−π0

Look for a narrow peaking structure in the
me+e− on top of background

§  (1310.6±7.0)×106  J/ψ data sample 

§  Electromagnetic(EM) Dalitz decay: 

§  1 

1 

§  1 

11
 

DARK PHOTON SEARCH(II)  

J/! → !!! → !!!!!	
                 ! → !! or ! → !!!!!!	

J/! → !!!! → !!!!!!	
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FIG. 4. The upper plots in (a) and (b) show the electron-positron pair invariant mass distributions for mode-I and mode-II, respectively, where
the crosses are data, and the solid lines are the fitting results. The lower plots in (a) and (b) show the difference between data and fitting result
for each bin. The shaded bands are the corresponding excluded ω and ϕ regions. The plots in (c) and (d) are the fitted results for the number of
signal events (Nsig) and the corresponding significances (S) for mode-I and mode-II, respectively.

the different combinations of the nominal and alternative fit478

ranges, signal shapes and background shapes. The maximum479

number of signal events between the different fit scenarios480

corresponding to 90% of the likelihood function is taken as481

the upper limit of the signal yield Nsig at the 90% C.L. This482

procedure is performed for mode-I and mode-II separately.483

The multiplicative systematic uncertainties in the search of484
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the theoretical branching fraction of B(γ′ → e+e−), which is489

0 ∼ 14% depending on mγ′ according to the Ref. [13] and490

mainly comes from the R value measurement.491
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FIG. 2. (color online) The me+e− spectrum of data (black
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η → π+π−π0 and (b) η → γγ.

0.65 < me+e− < 0.90 GeV/c2 or 0.96 < me+e− < 1.08234

GeV/c2 are discarded. The number of remaining peak-235

ing background events, estimated by the MC simulation,236

for both the η decay modes after that is summarized in237

Table I.238

In the decay mode η → γγ, a sizable non-peaking239

background, which is dominated by the radiative Bhabha240

events e+e− → γe+e− and continuously distributed in241

the high region of the me+e− distribution, is suppressed242

by preforming further the requirement pe± < 1.45 GeV/c243

for me+e− > 0.5 GeV/c2, where pe± is the momentum of244

e± charged tracks. Other sources of the peaking back-245

grounds are negligible in both the η decay modes.246

To extract the signal yields, we perform an unbinned247

extended maximum likelihood (ML) fit to the mγγ and248

mπ+π−π0 distributions, individually. In the fit, the prob-249

ability density function (PDF) of the η signal is described250

with the corresponding signal MC simulated shape con-251

volved with a Gaussian function, with parameters that252

are floated during the fit to take into account of the res-253

TABLE I. The remaining number of peaking background
events in both the η decay modes, where uncertainties are
negligible.

Decay process η → γγ η → π+π−π0

J/ψ → ρη, ρ→ π+π− 2.3 0.6

J/ψ → ρη, ρ→ e+e− 0.4 0.1

J/ψ → ωη, ω → π+π− 0.1 0.0

J/ψ → ωη, ω → e+e− 0.1 0.0

J/ψ → φη, φ→ e+e− 0.4 0.1

J/ψ → π+π−η 5.2 1.9

J/ψ → γη 61.4 19.5
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FIG. 3. (color online) The unbinned ML fits to the distri-
bution of (a) mπ+π−π0 and (b) mγγ , respectively. The non-
peaking background contribution is shown by a red dashed
curve, peaking background contribution by a green dashed
curve, signal distribution by a pink dashed curve and total fit
result by a solid blue curve.

olution difference between the data and MC simulation.254

The shape of the non-peaking background is described by255

a first order Chebyshev polynomial function with float-256

ing parameters in the fit. The shape of the peaking257

background is described by that of MC simulation of258

the background J/ψ → γη, and the corresponding ex-259

pected number of events is fixed during the fit. The ML260

fit yields Nsig = 594.9 ± 25.3 and 1877.2 ± 76.1 events261

for the decay modes η → π+π−π0 and η → γγ, respec-262

tively. The corresponding fit curves are shown in Fig. 3.263

The statistical uncertainty of the extracted signal yield264

in η → γγ slightly degrades due to performing the ML fit265

to the mγγ distribution in the full me+e− range instead of266

me+e− < 0.5 GeV/c2 range as required by previous BE-267

SIII measurement [14] to avoid the large contamination268

of the radiative Bhabha background from the event.269

η → π+π−π0

η → γγ
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Dark photon search (2)
J/ψ → η′/ηγ′, γ′ → e+e−

BESIII Preliminary (2018)
1310.6× 106 J/ψ

No obvious peaking structures are observed
Fit me+e− of data to obtain signal yields (ω, ϕ regions excluded)
Combined results of 90% C.L. limits on BF and ε

B(ψ → Pγ′)B(γ′ → e+e−) B(ψ → Pγ′) ε

P = η′ < 1.8×10−8−2.0×10−7 < 6.0×10−8−7.8×10−7 3.4×10−3−2.6×10−2

P = η < 1.9×10−8−9.1×10−7 10−3−10−2

8

TABLE II. Sources of systematic uncertainties for the branching fraction measurement and multiplicative terms for the dark photon search (in
%). The correlated sources between η′ → γπ+π− and η′ → π+π−η(γγ) modes are marked with an asterisk.

Sources Branching fraction measurement Search for dark photon
η′ → γπ+π− η′ → π+π−η(γγ) η′ → γπ+π− η′ → π+π−η(γγ)

MDC tracking * 4.4 4.4 4.4 4.4
PID * 1.2 1.2 1.2 1.2

Photon detection * 0.6 1.2 0.6 1.2
4C kinematic fit 0.5 0.5 0.5 0.5

Veto of γ conversion * 1.0 1.0 – –
η reconstruction – 1.0 – 1.0

Form factor 0.4 0.2 – –
Signal shape 0.4 0.2 – –

Fit range and background shape 0.6 1.3 – –
Fixed peaking background 0.3 0.3 – –
Number of J/ψ events * 0.5 0.5 0.5 0.5
η′ branching fractions 1.7 1.7 1.7 1.7

B(γ′ → e+e−)* – – 0a/(0-14)b 0a/(0-14)b

Total 5.2 5.4 4.9a/(4.9-14.8)b 5.1a/(5.1-14.9)b

a Uncertainties associated with the upper limit on B(J/ψ → η′γ′)× B(γ′ → e+e−)
b Uncertainties associated with the upper limit on B(J/ψ → η′γ′)
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FIG. 5. Upper limits at the 90% C.L. for the branching fractions (a)
Bγ′ × Bγ′ee and (b) Bγ′ , where Bγ′ and Bγ′ee are B(J/ψ → η′γ′)
and B(γ′ → e+e−), respectively. (c) The exclusion limit at the 90%
C.L. on the kinematic mixing strength ε.

as [16]523

B(J/ψ → η′γ′)

B(J/ψ → η′γ)
= ε2|F (m2

γ′)|2
λ3/2(m2

J/ψ,m
2
η′ ,m

2
γ′)

λ3/2(m2
J/ψ,m

2
η′ , 0)

,

where λ(m2
1,m

2
2,m

2
3) = (1 +

m2
3

m2
1−m2

2
)2 − 4m2

1m
2
3

(m2
1−m2

2)
2 , m is524

mass of a specific particle, and |F (m2
γ′)|2 is the monopole525

form factor of J/ψ → η′e+e− evaluated at q2=m2
γ′ .526

The branching fraction B(J/ψ → η′γ) is taken from the527

PDG [22] value. The corresponding exclusion limit on the528

mixing strength ε, which is shown in Fig. 5 (c), ranges from529

3.4× 10−3 to 2.6× 10−2 depending on mγ′ .530

VI. SUMMARY531

With a data sample of (1310.6 ± 7.0) × 106 J/ψ events532

collected by the BESIII detector, we measure the branching533

fraction of the EM Dalitz decay J/ψ → η′e+e− with two534

dominant η′ decay modes. The combined result of B(J/ψ →535

η′e+e−) is determined to be (6.75± 0.08± 0.34)× 10−5.536

The result is compatible with the previous BESIII measure-537

ment [8] and the statistical uncertainty is reduced.538

For the first time, we also search for a dark photon through539

the decay chain J/ψ → η′γ′, γ′ → e+e− through the same540

two η′ decay modes. No significant signal of γ′ is observed,541

and we set upper limits for the product branching fraction542

B(J/ψ → η′γ′)× B(γ′ → e+e−) and the branching fraction543

B(J/ψ → η′γ′) at the 90% C.L., which range from 1.8×10−8
544

to 2.0 × 10−7 and 6.0 × 10−8 to 7.8 × 10−7, respectively.545

The exclusion limit on the mixing strength ε between the SM546

photon and dark photon varies in a range from 3.4 × 10−3 to547

2.6× 10−2 depending on mγ′ .548
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shown in Fig. 8(a), the combined limits on product548

branching fraction B(J/ψ → γ′η) × B(γ′ → e+e−) vary549

in the range of (1.9− 91.1)× 10−8 for 0.01 ≤ mγ′ ≤ 2.4550

GeV/c2 depending on mγ′ points. The upper limit on551

B(J/ψ → γ′η) at the 90% C.L. at each mγ′ point is com-552

puted by dividing the combined upper limit on the prod-553

uct branching fraction B(J/ψ → γ′η) × B(γ′ → e+e−)554

by the expected dark photon decay branching fraction of555

γ′ → e+e− obtained from Ref. [40]. We then compute556

the upper limits of the coupling strength between the557

dark sector and the SM ε at the 90% C.L. as a function558

of mγ′ using the Eq. 4.6 of Ref. [16], where the TFF is559

the Eq. 3 with Λ = 2.86 GeV/c2. As shown in Fig. 8(b),560

the upper limits on ε at the 90% C.L. vary in the range561

of 10−2 − 10−3 for 0.01 ≤ m′γ ≤ 2.4 GeV/c2 depending562

on mγ′ .563
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FIG. 8. The combined upper limits at the 90% C.L. on (a)
product branching fraction B(J/ψ → γ′η) × B(γ′ → e+e−)
and (b) coupling strength (ε) between the SM and dark sector
as a function of mγ′ for both η decay modes. The regions of
ω and φ resonances shaded by grey lines are excluded from
the γ′ search.

VI. SUMMARY564

In summary, with a data sample of (1310.6 ± 7.0)565

million J/ψ events collected with the BESIII detector,566

we study the EM Dalitz decay of J/ψ → e+e−η and567

search for a dark photon in J/ψ → γ′η decay using two568

different η decay modes η → γγ and η → π+π−π0.569

The branching fraction of J/ψ → e+e−η is measured570

to be (1.43 ± 0.04(stat) ± 0.07(syst)) × 10−5, which su-571

persedes the previous BESIII measurement [14]. We572

present the first measurement of TFF as a function573

of me+e− for the decay J/ψ → e+e−η. The corre-574

sponding pole mass of the TFF is determined to be575

Λ = 2.86± 0.12(stat)± 0.07(syst) GeV/c2 by fitting the576

TFF versus me+e− data with a modified TFF function.577

No evidence of dark photon γ′ production is observed,578

and we set upper limits on the product branching frac-579

tion B(J/ψ → γ′η) × B(γ′ → e+e−) at the 90% C.L. to580

be in the range of (1.9−91.1)×10−8 for 0.01 ≤ mγ′ ≤ 2.4581

GeV/c2 depending on mγ′ . The upper limits on the cou-582

pling strength between the dark sector and the SM ε at583

the 90% C.L. are also set at the level of 10−2 − 10−3,584

which are above the existing stringent experimental re-585

sults [25–27].586
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Dark photon search (2)
J/ψ → η′/ηγ′, γ′ → e+e−

BESIII Preliminary (2018)
1310.6× 106 J/ψ

Constraints on ε (also shown are those from other experiments)
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Invisible decay

Quarkonium states (qq̄) can annihilate into νν̄ via virtual Z0 boson

B(ω → νν̄) = 8.4× 10−14, B(ϕ→ νν̄) = 5.8× 10−12

If a singlet scalar, pseudoscalar
or vector (portal) is present, and
mediates the SM-DM
interaction, it can mediate
invisible decay of quarkonium
states
B of invisible decay might be
enhanced in the presence of
light DM particles

4 Proceedings of the CHARM 2007 Workshop, Ithaca, NY, August 5-8, 2007

mode s-wave p-wave

BR(Υ(1S) → χχ) 4.2× 10−4 1.8 × 10−3

BR(Υ(1S) → νν̄) 9.9× 10−6

BR(J/Ψ → χχ) 2.5× 10−5 1.0 × 10−4

BR(J/Ψ → νν̄) 2.7× 10−8

BR(η → χχ) 3.4× 10−5 1.4 × 10−4

BR(η′
→ χχ) 3.7× 10−7 1.5 × 10−6

BR(ηc → χχ) 1.3× 10−7 5.3 × 10−7

BR(χc0(1P ) → χχ) 2.7× 10−8 1.2 × 10−7

BR(φ → χχ) 1.9× 10−8 7.8 × 10−8

BR(ω → χχ) 7.2× 10−8 3.0 × 10−8

Table I Estimated branching ratios for the narrowest
mesons. The two columns correspond to the assumption
that the Dark Matter annihilation in the early universe
occurs in either the s-wave or p-wave. Neutrino branching
ratios are from Ref.[17]. All mesons have a branching ratio
(even if tiny) to neutrinos.

where fH is the hadronic form factor (wave function
at the origin) for the state H , and MH is the hadron’s
mass. Here we ignore final state kinematic and spin
factors.

We can predict an approximate expectation for the
branching ratios for narrow states. Some of the most
promising are shown in Table I: Branching ratios for
scalars and pseudo-scalars tend to be smaller since
those states are wider.

We emphasize again that this is only an order-of-
magnitude calculation. A more precise calculation re-
quires inclusion of kinematic and spin factors, as well
as consideration of which fermions the mediator U
couples to. Furthermore, the freeze-out of light Dark
Matter occurs in the middle of the QCD phase transi-
tion, and is much more sensitive to uncertainties due
to QCD than heavier Dark Matter. This kind of dark
matter is also annihilating through a narrow pole,
which must be treated carefully.[18] Narrow poles arise
due to the U boson itself, as well as numerous QCD
resonances.

Several of these measurements have now been per-
formed including Υ(1S) → χχ[19, 20]; η → χχ and
η′ → χχ[21]; and now J/Ψ → χχ[22].

2.2. Radiative Decay

Radiative decay refers to meson decays into some-
thing visible as well as something invisible. This can
be flavor changing, such as b → sχχ, in which case
this is a next-to-leading-order effect requiring a loop
of W± bosons to induce flavor changing.[15] The au-
thors of Ref.[15] found that this radiative decay can
be as much as 50 times larger than the similar process

Figure 3: Branching ratio of the J/Ψ (top) and Υ (bot-
tom) into a photon and lightest pseudo-scalar Higgs a1 in
the NMSSM[23]. The a1 may then decay into Dark Mat-
ter (neutralinos) or visible Standard Model particles. The
quantity cos θA parameterizes how singlet-like the a1 is.
cos θA = 0 is decoupled from the Standard Model, while
cos θA = 1 indicates that the a1 is identical to the MSSM
A. In the bottom panels, dark (blue) = mai

< 2mτ ;
medium grey (red) = 2mτ < mai

< 8.4 GeV; light
grey (cyan) = 8.4GeV < mai

< mΥ. The plots are
for tan β = 10 and M1,2,3 = 100, 200, 300 GeV at scale
MZ . The bottom left plot comes from simply scanning
in Aλ, Aκ holding µeff = 150 GeV fixed. The bottom
right plot shows results for the F < 15 scenarios among
the orange-cross, i.e. mai

< 2mb(pole), points of Fig. 1 of
Ref.[23].

radiating neutrinos. 4 Other modes include Υ → γχχ
and J/Ψ → γχχ[1].

In Fig.2.1 we show the branching ratio of J/Ψ and

4We prefer to avoid introducing flavor-changing couplings of
a Dark Matter mediator, as this is can introduce large correc-
tions to the CKM matrix.

B. McElrath, eConf C070805, 19, (2007)

sjchen@nju.edu.cn New Physics Searches at BESIII 7/5/2018 17 / 28



Invisible decay search
J/ψ → η ω/ϕ, ω/ϕ→ invisible

Accepted by PRD, arXiv:1805.05613
1310.6× 106 J/ψ

First search for J/ψ → η ω/ϕ, ω/ϕ→ invisible , η → π+π−π0

Define recoiling mass against η: MV
recoil ≡

√
(ECM − E3π)2 − p⃗23π

May 15, 2018 – 11 : 25 BES MEMO 4

of the BESIII experiment and reports the first experimental search of the invisible decays of ω and φ1

mesons in J/ψ→ Vη decays.2

Figure 1: A demonstration of J/ψ → Vη in which η is reconstructed by either π+π−π0 or γγ in the final
states and can be used to tag the invisible decays of invisible particles.

2 The BESIII experiment and data-sets3

2.1 The BESIII detector4

The BESIII is a cylindrically shaped particle physics detector located at the BEPCII facility, a double-5

ring e+e− collider with a peak luminosity of 1023 cm−2s−1 at the center-of-mass (CM) energy of 3.7736

GeV. It has four detector sub-components with a coverage of 93% of the total solid angle as described7

in Ref. [18]. The momentum of charged particles is measured in a helium-based (60% He, 40% C3H8)8

43 layers of the main drift chamber (MDC) operating with a 1.0 T (0.9 T) solenoidal magnetic field for9

2009 (2012) J/ψ data. Charged particle identification (PID) is performed using the energy loss (dE/dx)10

in the tracking system having a resolution better than 6% and a scintillation based time-of-flight (TOF)11

consisting of 5-cm-thick plastic scintillators with a time resolution of 80 ps in the barrel and 110 ps in the12

end-cap. Photon and electron energies are measured in a CsI(Tl) electromagnetic calorimeter (EMC).13

The energy (position) resolution of the EMC for 1 GeV electrons and photons is 2.5% (6 mm) in the14

barrel and 5.0% (9 mm) in the end-cap regions. The muons are identified in a muon counter (MUC)15

5

spectively. The MV
recoil distribution of the event candi-

dates for the data range [0.40, 1.35] GeV/c2 is shown
in Fig. 1. The expected distributions for ω and φ in-
visible decay signals by MC simulation are also depicted
in the plot. Detailed studies of the inclusive J/ψ de-
cay sample indicate that the non-peaking backgrounds
are dominated by processes with non-η mesons in the fi-
nal state, which can be evaluated with the normalized
events in the η mass sideband regions, as shown by a
cyan histogram in Fig. 1. The non-peaking background
from J/ψ → γη, which has a large branching fraction,
is evaluated to be 1.8 events with negligible uncertain-
ties by using an exclusive MC sample normalized accord-
ing to the branching fractions quoted in the PDG [21],
and is ignored in the following analysis. The possible
peaking background is from the decay J/ψ → V η with
the V meson decaying visibly. The numbers of peak-
ing backgrounds are evaluated to be 0.1 for J/ψ → ωη
and 2.0 for J/ψ → φη with negligible uncertainty using
the simulated MC samples normalized according to the
measured branching fractions of J/ψ → V η described in
Sec. IVB and IVC, respectively, and the corresponding
distributions are presented in Fig. 1. The backgrounds
from other sources are negligible.
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FIG. 1. (Color online) Invariant mass recoiling against the
selected η candidate (MV

recoil) for data (black dot points with
error bars), signal MC samples (pink and black histograms
for ω and φ, respectively) and various expected backgrounds
shown as different colored histograms.

An extended maximum likelihood (ML) fit to the
MV

recoil distribution is performed to obtain the signal yield
(Nsig). 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
non-peaking background is represented by an increasing
exponential function. In the fit, the number of peaking
background events is fixed, while the parameters of the
non-peaking background PDF and the yields for signal
and non-peaking background events are free parameters
in the fit. The ML fit yields Nsig = 1.4 ± 3.6 events
for the ω → invisible decay and Nsig = −0.6 ± 4.5 for
the φ → invisible decay, respectively. The obtained Nsig

events for both decay modes are consistent with zero, and

no evidence of invisible decays of ω and φ mesons is ob-
served. The fitted MV

recoil are shown in Fig. 2. The cor-
responding signal detection efficiencies, estimated with
the MC simulation, are 20.5% and 21.3% for ω and φ
invisible decays, respectively.
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FIG. 2. (Color online) Fit to the MV
recoil distribution for ω

(top) and φ (bottom) signals. The data are shown by the dots
with error bars, the non-peaking background by the green
dashed curve, the peaking background by the cyan dashed
curve, the signal by the red dashed curve. and the total fit
by the blue solid curve.

B. The visible decay mode ω → π+π−π0

The candidate events of J/ψ → ωη with subsequent
decays ω → π+π−π0 and η → π+π−π0 are required to
have four charged tracks with net charge zero and at least
two independent π0 candidates without sharing the same
photon. The four charged tracks are assumed to be pions
and required to originate from a common vertex by per-
forming a vertex fit. For an event with multiple π0π0 pair
candidates, the one with the least value of ptot is selected,
where ptot is the total momentum of the 2(π+π−π0) can-
didates. The total energy (Etot) of the selected candidate
is also required to satisfy Etot > 2.95 GeV. For a selected
2(π+π−π0) final state, the combinations of π+π−π0 for
ω and η signals are determined by

χ2
ωη =

(Mω
π+π−π0 −Mω)

2

σ2
ω

+
(Mη

π+π−π0 −Mη)
2

σ2
η

, (2)
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Fit MV
recoil to obtain signal yield

No obvious signals observed, set 90% C.L. UL’s

B(ω → invisible)
B(ω → π+π−π0)

< 8.1× 10−5 B(ϕ→ invisible)
B(ϕ→ K+K−)

< 3.4× 10−4

B(ω → invisible) < 7.3× 10−5 B(ϕ→ invisible) < 1.7× 10−4
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error bars), signal MC samples (pink and black histograms
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An extended maximum likelihood (ML) fit to the
MV

recoil distribution is performed to obtain the signal yield
(Nsig). 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
non-peaking background is represented by an increasing
exponential function. In the fit, the number of peaking
background events is fixed, while the parameters of the
non-peaking background PDF and the yields for signal
and non-peaking background events are free parameters
in the fit. The ML fit yields Nsig = 1.4 ± 3.6 events
for the ω → invisible decay and Nsig = −0.6 ± 4.5 for
the φ → invisible decay, respectively. The obtained Nsig

events for both decay modes are consistent with zero, and

no evidence of invisible decays of ω and φ mesons is ob-
served. The fitted MV

recoil are shown in Fig. 2. The cor-
responding signal detection efficiencies, estimated with
the MC simulation, are 20.5% and 21.3% for ω and φ
invisible decays, respectively.
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FIG. 2. (Color online) Fit to the MV
recoil distribution for ω

(top) and φ (bottom) signals. The data are shown by the dots
with error bars, the non-peaking background by the green
dashed curve, the peaking background by the cyan dashed
curve, the signal by the red dashed curve. and the total fit
by the blue solid curve.

B. The visible decay mode ω → π+π−π0

The candidate events of J/ψ → ωη with subsequent
decays ω → π+π−π0 and η → π+π−π0 are required to
have four charged tracks with net charge zero and at least
two independent π0 candidates without sharing the same
photon. The four charged tracks are assumed to be pions
and required to originate from a common vertex by per-
forming a vertex fit. For an event with multiple π0π0 pair
candidates, the one with the least value of ptot is selected,
where ptot is the total momentum of the 2(π+π−π0) can-
didates. The total energy (Etot) of the selected candidate
is also required to satisfy Etot > 2.95 GeV. For a selected
2(π+π−π0) final state, the combinations of π+π−π0 for
ω and η signals are determined by

χ2
ωη =

(Mω
π+π−π0 −Mω)

2

σ2
ω

+
(Mη

π+π−π0 −Mη)
2

σ2
η

, (2)
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cay sample indicate that the non-peaking backgrounds
are dominated by processes with non-η mesons in the fi-
nal state, which can be evaluated with the normalized
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cyan histogram in Fig. 1. The non-peaking background
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is evaluated to be 1.8 events with negligible uncertain-
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and is ignored in the following analysis. The possible
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and 2.0 for J/ψ → φη with negligible uncertainty using
the simulated MC samples normalized according to the
measured branching fractions of J/ψ → V η described in
Sec. IVB and IVC, respectively, and the corresponding
distributions are presented in Fig. 1. The backgrounds
from other sources are negligible.

) 2 (GeV/cV
recoilM

0.4 0.6 0.8 1 1.2

)2
E

nt
rie

s/
(0

.0
1 

G
eV

/c

0

2

4

6

8  dataψJ/  MCηγ→ψJ/

anything MC→φ, ηφ→ψJ/ anything MC→ω, ηω→ψJ/

invisible)→ωSignal MC (  Side-band dataη

invisible)→φSignal MC (

FIG. 1. (Color online) Invariant mass recoiling against the
selected η candidate (MV

recoil) for data (black dot points with
error bars), signal MC samples (pink and black histograms
for ω and φ, respectively) and various expected backgrounds
shown as different colored histograms.

An extended maximum likelihood (ML) fit to the
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recoil distribution is performed to obtain the signal yield
(Nsig). 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
non-peaking background is represented by an increasing
exponential function. In the fit, the number of peaking
background events is fixed, while the parameters of the
non-peaking background PDF and the yields for signal
and non-peaking background events are free parameters
in the fit. The ML fit yields Nsig = 1.4 ± 3.6 events
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FIG. 2. (Color online) Fit to the MV
recoil distribution for ω

(top) and φ (bottom) signals. The data are shown by the dots
with error bars, the non-peaking background by the green
dashed curve, the peaking background by the cyan dashed
curve, the signal by the red dashed curve. and the total fit
by the blue solid curve.

B. The visible decay mode ω → π+π−π0

The candidate events of J/ψ → ωη with subsequent
decays ω → π+π−π0 and η → π+π−π0 are required to
have four charged tracks with net charge zero and at least
two independent π0 candidates without sharing the same
photon. The four charged tracks are assumed to be pions
and required to originate from a common vertex by per-
forming a vertex fit. For an event with multiple π0π0 pair
candidates, the one with the least value of ptot is selected,
where ptot is the total momentum of the 2(π+π−π0) can-
didates. The total energy (Etot) of the selected candidate
is also required to satisfy Etot > 2.95 GeV. For a selected
2(π+π−π0) final state, the combinations of π+π−π0 for
ω and η signals are determined by

χ2
ωη =

(Mω
π+π−π0 −Mω)

2

σ2
ω

+
(Mη

π+π−π0 −Mη)
2

σ2
η

, (2)

Nω
sig = 1.4± 3.6 Nϕ

sig = −0.6± 4.5
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NMSSM and light Higgs boson

The NMSSM has a rich Higgs sector: 2 charged, 3 neutral CP-even, 2
neutral CP-odd. The lightest CP-odd Higgs is denoted as A0 or a1
If mA0 < 2mc, it is possible for J/ψ (and Υ) to decay into γA0

B(Υ → γA0) ∝ cos θA tanβ
B(J/ψ → γA0) ∝ cos θA cotβ

A0 = cos θAAMSSM + sin θAAS

Dayong Wang

Phys. Rev. D 81, 075003 (2010)]

light Higgs search:Motivation

 Coupling of fermions and the CP-odd Higgs 

A0 in the NMSSM: 

0

int 5cos tan ( ) ,
ff f

A

m
L A d i d

v
   -

0

int 5cos cot ( ) ,
ff f

A

m
L A u i u

v
   -

u = u, c, t,  νe, νµ, ντ

d = d, s, b,  e, µ, τ

tan u

d

v

v
 

E. Fullana et. al,

Phys. Lett. B 653, 67 (2007)

27
2016/6/22 cFLV2016 27

cos θA: parameterizes how singlet-like the A0 is
tanβ = vu

vd
: ratio of the VEV’s of the up and down types of the Higgs doublets

B(J/ψ → γA0) in NMSSM: ∼ 10−7 − 10−9 PRD 76, 051105 (2007)

A0 can decay into DM (neutralinos) or SM particles, such as µ+µ−
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Ligh Higgs boson search
J/ψ → γA0, A0 → µ+µ−

Phys. Rev. D 93, 052005 (2016)
225× 106 J/ψ

J/ψ → γA0, A0 → µ+µ−

Define reduced dimuon mass

mred =
√
m2
µ+µ− − 4m2

µ

Fit mred to determine signal yields
Nsig as a function of mA0 in the
range of

mA0 ∈ [0.212, 3.0]GeV/c2

angle. A helium based (40% He, 60% C3H8) 43 layer main
drift chamber (MDC), operating in a 1.0 T solenoidal
magnetic field, is used to measure the momentum of
charged particles. Charged particle identification (PID) is
based on the time of flight (TOF) measured by a scintilla-
tion based TOF system, which has one barrel portion and
two end caps, and the energy loss (dE=dx) in the tracking
system. Photon and electron energies are measured in a CsI
(Tl) electromagnetic calorimeter (EMC), while muons are
identified using a muon counter (MUC) system containing
nine (eight) layers of resistive plate chamber counters
interleaved with steel in the barrel (end cap) region.
We use simulated signal events with 23 different A0 mass

hypotheses ranging from 0.212 to 3.0 GeV=c2 to study the
detector acceptance and optimize the event selection
procedure. The decay of signal events is simulated by
the EVTGEN event generator [21], and a phase-space model
is used for the A0 → μþμ− decay and a P-Wave model for
the decay J=ψ → γA0. BABAYAGA 3.5 [25] is used to
simulate the radiative Bhabha events, and PHOKHARA 7.0
[26] is used to simulate initial state radiation (ISR)
processes of eþe− → γμþμ−, eþe− → γπþπ−, and
eþe− → γπþπ−π0. A Monte Carlo (MC) simulation based
on the GEANT4 package [27] is used to determine the
detector response and reconstruction efficiencies.
We select events with exactly two oppositely charged

tracks and at least one good photon. The minimum energy
of this photon is required to be 25 MeV in the barrel region
(j cos θj < 0.8) and 50 MeV in the end cap region
(0.86 < j cos θj < 0.92). The EMC time is also required
to be in the range of ½0; 14�ð×50Þ ns to suppress electronic
noise and energy deposits unrelated to the signal events.
Additional photons are allowed to be in the events. In order
to reduce the beam related backgrounds, charged tracks are
required to have their points of closest approach to the
beam line within�10.0 cm from the interaction point in the
beam direction and within 1.0 cm in the plane
perpendicular to the beam. In order to have a reliable
measurement in the MDC, they must be in the polar angle
region j cos θj < 0.93. We suppress contamination by
electrons by requiring Eμ

cal=p < 0.9 c, where Eμ
cal is the

energy deposited in the EMC by the showering particles
and p is the incident momentum of the charged particles
entering the calorimeter. The angle between a photon and
the nearest extrapolated track in the EMC is required to be
greater than 20 deg (10 deg) for mA0 ≤ 0.3 GeV=c2

(mA0 > 0.3 GeV=c2) to remove bremsstrahlung photons.
We assign a muon mass hypothesis to the two charged

tracks and require that one of the charged tracks must be
identified as a muon using the muon PID system, which is
based on the selection criteria: (1) 0.1 < Eμ

cal < 0.3 GeV,
(2) the absolute value of the time difference between the
TOF and expected muon time (ΔtTOF) must be less than
0.26 ns, and (3) the penetration depth in MUC must be
greater than ð−40.0þ 70 × p=ðGeV=cÞÞ cm for 0.5 ≤ p ≤

1.1 GeV=c and 40 cm for p > 1.1 GeV=c. The two muon
candidates are required to meet at a common vertex to form
the Higgs candidate. To improve the mass resolution of the
A0 candidates, a four-constraint (4C) kinematic fit is
performed with two charged tracks and each of the photons.
If there is more than one γμþμ− candidate, the one with the
minimum 4C χ2 is selected, and the χ2 is required to be less
than 40 to suppress background contributions from J=ψ →
ρπ and eþe− → γπþπ−π0. Fake photons are eliminated by
requiring the dimuon invariant mass, obtained from the 4C
kinematic fit, to be less than 3.04 GeV=c2. We further
require that one of the tracks must have the cosine of the
muon helicity angle (cos θhelμ ), defined as the angle between
the direction of one of the muons and the direction of J=ψ
in the A0 rest frame, be less than 0.92 to suppress the
backgrounds peaking at j cos θhelμ j ≈ 1.
The above selection criteria select a total of 210,850

events in J=ψ data. Figure 1 shows the distribution of the

reduced dimuon mass, mred ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

μþμ− − 4m2
μ

q
, of data

together with the background predictions from various
simulated MC samples. mred is equal to twice the muon
momentum in the A0 rest frame and is easier to model near
threshold than the dimuon invariant mass. The background
is dominated by the “nonpeaking” component of eþe− →
γμþμ− and the “peaking” components of J=ψ → ρπ,
γf2ð1270Þ, and γf0ð1710Þ.
We perform a series of one-dimensional unbinned

extended maximum likelihood (ML) fits to the mred dis-
tribution to determine the number of signal candidates
as a function of mA0 in the interval of 0.212≤mA0 ≤
3.0GeV=c2. The likelihood function is a combination of
signal, continuum background, and peaking background
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FIG. 1. Distribution of mred for data (black points with error
bars), together with the background predictions from the various
MC samples, shown by a solid histogram and a histogram with
horizontal pattern lines for the nonpeaking and peaking back-
grounds, respectively. The MC samples are normalized to the
data. Three peaking components, corresponding to the ρ,
f0ð1270Þ, and f0ð1710Þ mesons, are observed in the data.

M. ABLIKIM et al. PHYSICAL REVIEW D 93, 052005 (2016)

052005-4

considered as an additive systematic uncertainty at each
mass point. An additive uncertainty reduces the signifi-
cance of any observed signal and does not scale with the
number of reconstructed signal events.
We study a large ensemble of pseudoexperiments, based

on the aforementioned PDFs, to validate the fit procedure
and compute the bias of the ML fit. The bias arises due to
the imperfections in modeling the signal PDFs and the low
statistics of the ML estimate. The value of the fit bias is
found to be 0.21 events and considered to be an additive
systematic uncertainty. We further use the pseudoexperi-
ments to estimate the probability of observing a fluctuation
of S ≥ 3.42σ, which is found to be 26.0%. The corre-
sponding global significance of such an excess anywhere in
the full mA0 range is 0.64σ; we therefore conclude that no
evidence of A0 production is found at any mass points.

The uncertainty due to fixed signal and tail PDF
parameters used for the ρ, f2ð1270Þ, and f0ð1710Þ peaking
backgrounds in data is observed to be (0.0–1.64) events
after varying each parameter within its statistical uncer-
tainties while taking correlations between the parameters
into account. The mean and sigma values of the peaking
backgrounds are corrected using a high statistics control
sample of the same decay process in which all the selection
criteria, developed in this work, are applied except that of
the penetration depth in MUC. We assign 50% of the
relative difference in resolution values of peaking back-
grounds between data and MC as a systematic uncertainty,
which is considered as a source of multiplicative sys-
tematic uncertainty. Multiplicative uncertainties scale
with the number of reconstructed signal events and do
not reduce the significance of any observed signal but
degrade the upper limit values. They arise due to the
reconstruction efficiency, the uncertainty in the number of
J=ψ mesons (1.3%), muon tracking efficiency (1.0% per
track), and resolution of peaking backgrounds [1.2% for
the ρ resonance and 6.52% for f2ð1270Þ and f0ð1710Þ
resonances].
We measure the photon reconstruction systematic uncer-

tainty to be better than 1.0% using a eþe− → γμþμ− sample
in which the ISR photon momentum is estimated using the
four-momenta of two charged tracks [29]. We use a J=ψ →
μþμ−ðγÞ control sample, where one track is tagged with
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FIG. 3. (a) Number of signal events (Nsig) and (b) signal
significance (S) obtained from the fit as a function of mA0 .
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FIG. 5. The 90% C.L. upper limits (UL) on the product
branching fractions BðJ=ψ → γA0Þ × BðA0 → μþμ−Þ as a func-
tion of mA0 including all the uncertainties (solid line), together
with expected limits computed using a large number of pseu-
doexperiments. The inner and outer bands include statistical
uncertainties only and contain 68% and 95% of the expected limit
values. The average dashed line in the center of the inner band is
the expected average upper limit of 1600 pseudoexperiments. A
better sensitivity in the mass region of 0.212 ≤ mA0 ≤
0.22 GeV=c2 is achieved due to almost negligible backgrounds
as seen in Fig. 2 (top).
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Ligh Higgs boson search
J/ψ → γA0, A0 → µ+µ−

Phys. Rev. D 93, 052005 (2016)
225× 106 J/ψ

No evidence of A0 is found at any mass points
UL’s on the production BF @ 90% C.L.

B(J/ψ → γA0)× B(A0 → µ+µ−) < 2.8× 10−8 − 4.95× 10−6

A factor of five times better than BESIII 2012 results PRD 85, 092012 (2012)

considered as an additive systematic uncertainty at each
mass point. An additive uncertainty reduces the signifi-
cance of any observed signal and does not scale with the
number of reconstructed signal events.
We study a large ensemble of pseudoexperiments, based

on the aforementioned PDFs, to validate the fit procedure
and compute the bias of the ML fit. The bias arises due to
the imperfections in modeling the signal PDFs and the low
statistics of the ML estimate. The value of the fit bias is
found to be 0.21 events and considered to be an additive
systematic uncertainty. We further use the pseudoexperi-
ments to estimate the probability of observing a fluctuation
of S ≥ 3.42σ, which is found to be 26.0%. The corre-
sponding global significance of such an excess anywhere in
the full mA0 range is 0.64σ; we therefore conclude that no
evidence of A0 production is found at any mass points.

The uncertainty due to fixed signal and tail PDF
parameters used for the ρ, f2ð1270Þ, and f0ð1710Þ peaking
backgrounds in data is observed to be (0.0–1.64) events
after varying each parameter within its statistical uncer-
tainties while taking correlations between the parameters
into account. The mean and sigma values of the peaking
backgrounds are corrected using a high statistics control
sample of the same decay process in which all the selection
criteria, developed in this work, are applied except that of
the penetration depth in MUC. We assign 50% of the
relative difference in resolution values of peaking back-
grounds between data and MC as a systematic uncertainty,
which is considered as a source of multiplicative sys-
tematic uncertainty. Multiplicative uncertainties scale
with the number of reconstructed signal events and do
not reduce the significance of any observed signal but
degrade the upper limit values. They arise due to the
reconstruction efficiency, the uncertainty in the number of
J=ψ mesons (1.3%), muon tracking efficiency (1.0% per
track), and resolution of peaking backgrounds [1.2% for
the ρ resonance and 6.52% for f2ð1270Þ and f0ð1710Þ
resonances].
We measure the photon reconstruction systematic uncer-

tainty to be better than 1.0% using a eþe− → γμþμ− sample
in which the ISR photon momentum is estimated using the
four-momenta of two charged tracks [29]. We use a J=ψ →
μþμ−ðγÞ control sample, where one track is tagged with
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FIG. 5. The 90% C.L. upper limits (UL) on the product
branching fractions BðJ=ψ → γA0Þ × BðA0 → μþμ−Þ as a func-
tion of mA0 including all the uncertainties (solid line), together
with expected limits computed using a large number of pseu-
doexperiments. The inner and outer bands include statistical
uncertainties only and contain 68% and 95% of the expected limit
values. The average dashed line in the center of the inner band is
the expected average upper limit of 1600 pseudoexperiments. A
better sensitivity in the mass region of 0.212 ≤ mA0 ≤
0.22 GeV=c2 is achieved due to almost negligible backgrounds
as seen in Fig. 2 (top).
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tight muon PID and photons are produced via final state
radiation, to study the systematic uncertainty associated
with the muon PID (4.0–5.73)%), χ24C (1.56%), and the
cos θhelμ (0.34%) requirements. The final muon PID uncer-
tainty also takes into account the fraction of events with one
track or two tracks identified as muons, which is obtained
from the signal MC. The total multiplicative systematic
uncertainty varies in the range of (5.03–9.20)% depending
on mA0 .
We compute the 90% C.L. upper limits on the product

branching fractions of BðJ=ψ → γA0Þ × BðA0 → μþμ−Þ as
a function of mA0 using a Bayesian method [22]. The
systematic uncertainty is incorporated by convolving
the negative log likelihood vs the branching fraction curve
with a Gaussian distribution having a width equal to the
systematic uncertainty. The limits range between
ð2.8–495.3Þ × 10−8 for the Higgs mass region of 0.212 ≤
mA0 ≤ 3.0 GeV=c2 depending on the A0 mass points, as
shown in Fig. 5.
We also compute gbð¼ gctan2βÞ ×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
[11] for different values of tan β using Eq. (1) to compare
our results with the BABAR measurement [16]. This new
result seems to be better than the BABARmeasurement [16]
in the low-mass region for tan β ≤ 0.6 [Fig. 6(a)]. Our results
are thus complementary to those obtained by considering the

b-quark [10,16]. Both types of constraints may then be
combined so as to provide, independently of tan β, an upper
limit on cos θAð¼ j ffiffiffiffiffiffiffiffiffi

gbgc
p jÞ ×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
computed

using themethod of Ref. [11], as a function ofmA0 , as shown
in Fig. 6(b). This combined limit varies in the range of
0.034–0.249 for 0.212 ≤ mA0 ≤ 3.0 GeV=c2.
In summary, we find no significant signal for a light Higgs

boson in the radiative decays of J=ψ and set 90%C.L. upper
limits on the product branching fraction of BðJ=ψ → γA0Þ×
BðA0→ μþμ−Þ in the range of ð2.8–495.3Þ×10−8 for
0.212 ≤ mA0 ≤ 3.0 GeV=c2. This result, a factor of 5 times
improvement over the previous BESIII measurement
[19], is in agreement with the theoretical expectation
≲5×10−7 cot4β from Ref. [11] but better than the BABAR
measurement [16] in the low-mass region for the tan β ≤ 0.6.
The combined limits on cos θA ×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
for the

BABAR [16] and BESIII measurements reveal that the A0 is
constrained to be mostly singlet.
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FIG. 6. (a) The 90% C.L. upper limits on gbð¼ gc tan2 βÞ ×ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
for the BABAR [16] and BESIII measurements

and (b) cos θAð¼ j ffiffiffiffiffiffiffiffiffi
gbgc

p jÞ ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
as a function of

mA0 . We compute gc tan2 β ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðA0 → μþμ−Þ

p
for different

values of tan β to compare our results with the BABAR meas-
urement [16].
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Combined with the BaBar result, A0 is
constrained to be mostly singlet
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BNV and LNV processes

Many SM extensions and Grand Unified Theories such as superstring
models and SUSY predict proton decays. In this case, baryon number
is violated while the difference ∆(B − L) is conserved
In the assumption of the heavy bosons X(4/3e) and Y (1/3e), there
exists BNV processes via c̄Y d or c̄Xu couplings, e.g. J/ψ → Λ+

c e
−

3

Using 1.31 × 109 J/ψ events collected by the BESIII detector at the Beijing Electron Positron125

Collider, we search for the process J/ψ → Λ+
c e

− + c.c. for the first time. In this process, both126

baryon and lepton number conservation is violated. No signal is found and the upper limit on the127

branching fraction B(J/ψ → Λ+
c e

− + c.c.) is set to be 6.9× 10−8 at the 90% Confidence Level.128

PACS numbers: 11.30.Fs, 12.38.Qk, 13.20.Gd129

The observed matter–antimatter asymmetry in the130

universe composes a serious challenge to our understand-131

ing of nature. The Big Bang theory, the prevailing cos-132

mological model for the evolution of the universe, pre-133

dicts exactly equal numbers of baryons and antibaryons134

in the dawn epoch. However, the observed baryon num-135

ber (BN) exceeds the number of antibaryons by a very136

large ratio, currently estimated at 109 ∼ 1010 [1]. To137

give a reasonable interpretation of the baryon-antibaryon138

asymmetry, Sakharov proposed three principles [2], the139

first of which is that BN conservation must be violated.140

Many proposals predict BN violation within and beyond141

the SM. Among them, proposals that evoke the spon-142

taneous breaking of a large gauge group are especially143

appealing. In these models, several heavy gauge bosons144

emerge whose couplings to matter explicitly violate both145

baryon and lepton number conservation simultaneously.146

The SU(5) grand unification theory (GUT) [3], which147

covers the SM gauge group SUc(3)×SUL(2)×UY(1), was148

first proposed as a minimal extension of the SM. In that149

scenario, two extra gauge bosons, X and Y , with charges150

of 4/3 and 1/3, the so-called leptoquarks [4], exist and151

can violate baryon-lepton number conservation. In the152

unification picture, their masses are about 1015 GeV/c2.153

Unfortunately, this simplest SU(5) model is ruled out154

because its prediction of the proton lifetime is several or-155

ders of magnitude smaller than the experimental lower156

limits [5]. However, this does not rule out the need to157

search for grand unification theories that allow for BN vi-158

olation. For example, the SO(10), the E6 and the flipped159

SU(5) models all predict a longer proton lifetime that is160

not in conflict with the present data.161

Searches for physics beyond the standard model (‘new162

physics’) with collider experiments are complementary163

to searches with specifically designed precision detection164

experiments. For example, the existence of dark matter165

(DM) is strongly suggested by cosmological observations,166

and searches for particle candidates of the dark sector167

are carried out both at e+e− and pp collider experiments168

and in dedicated direct detection experiments. Similarly,169

searches for Majorana neutrinos at charm/bottom facto-170

ries supplement the neutrino-less double beta decay ex-171

periments. The two independent ways of searching for172

new physics are fruitfully supporting each other. There-173

fore, searching for BN violation processes at collider ex-174

periments might provide different and complementary in-175

formation from the proton decay experiments.176

In any case, the matter–antimatter asymmetry in the177

universe is an observable fact. The absence so far of an178

experimental observation of proton decay, which is pre-179

dicted by GUT, does not imply by any means that BN180

is absolutely conserved. Therefore, an alternative ap-181

proach to test the GUT scheme at collider experiments182

has been devised. The CLEO Collaboration searched183

for very rare processes which violate BN conservation in184

decays of heavy-flavor mesons. In particular, they sug-185

gested to look for the process D0 → p̄+ e+, which is an186

inverse process of p→ π0e+ at the quark level. The up-187

per limit from the CLEO measurement is 10−5 [6] at 90%188

Confidence Level (CL), limited by low statistics. Instead,189

thanks to the huge data sample of J/ψ decays produced190

at the BESIII experiment, we are able to study the anal-191

ogous process J/ψ → Λ+
c e

−, as shown in Fig. 1, with192

much higher statistics and therefore better sensitivity.193

J/ψ

c

Λ+
c

e−

Y

c̄

u

d

c

J/ψ

c

Λ+
c

e−

X

c̄

d

u

c

FIG. 1. Decay diagrams for J/ψ → Λ+
c e

−.

In this Letter, we analyze the J/ψ data sample col-194

lected with the BESIII [7] detector operating at the195

BEPCII storage ring [8] to search for the SM forbid-196

den baryon-lepton number violating decay J/ψ → Λ+
c e

−
197

(charge conjugation is implied throughout this Letter).198

Based on this analysis, we set an upper bound on the199

rate of J/ψ → Λ+
c e

−.200

The BESIII detector has a geometric acceptance cov-201

ering 93% of the 4π solid angle and consists of the fol-202

lowing main components. (1) A small-celled main drift203

chamber (MDC) with 43 layers is used to track charged204

particles. The average single-wire resolution is 135 µm,205

the momentum resolution for 1 GeV/c charged particles206

in a 1 T magnetic field is 0.5%, and the specific energy207

loss (dE/dx) resolution is better than 6%. (2) An electro-208

magnetic calorimeter (EMC) is used to measure photon209

energies. The EMC is made of 6240 CsI(Tl) crystals ar-210

ranged in a cylindrical shape (barrel) plus two endcaps.211

For 1.0 GeV photons, the energy resolution is 2.5% in212

the barrel and 5% in the endcaps, and the position reso-213

lution is 6 mm for the barrel and 9 mm for the endcaps.214

(3) A time-of-flight (TOF) system is used for particle215

identification (PID). It is composed of a barrel made of216

two layers, each consisting of 88 pieces of 5 cm thick and217

2.4 m long plastic scintillators, as well as two endcaps218

each with 96 fan-shaped 5 cm thick plastic scintillators.219

The time resolution is 80 ps in the barrel and 110 ps in220

the endcaps, providing a K/π separation of more than221

Any detection of BNV and/or LNV decay indicates the existence of
new physics

sjchen@nju.edu.cn New Physics Searches at BESIII 7/5/2018 25 / 28



BNV+LNV process search
J/ψ → Λ+

c e
− + c.c.

Submitted to PRL, arXiv:1803.04789
1310.6× 106 J/ψ

First search for
J/ψ → Λ+

c e
− + c.c. , Λ+

c → pK−π+

Examine MpK−π+ distribution

No events are observed in the signal
window

5

is the decay branching fraction taken from Ref. [20]. In-
serting the numbers of s90, N tot

J/ψ and B(Λ+
c → pK−π+)

into the above equation, the upper limit on the branching
fraction of J/ψ → Λ+

c e
− is determined to be

B(J/ψ → Λ+
c e

−) < 6.9× 10−8.
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FIG. 2. Distributions of MpK−π+ for the J/ψ → Λ+
c e

− candi-
date events for signal MC simulation (shaded histogram) and
data (dots with error bars), where the signal MC sample is
normalized arbitrarily. The inset plot shows a narrow mass
range within (2.23, 2.33) GeV/c2, where the arrows represent
the signal mass window.

Systematic uncertainties in the measurement of318

B(J/ψ → Λ+
c e

−) mainly originate from the total num-319

ber of J/ψ events, the tracking efficiency, the PID ef-320

ficiency, the kinematic fit, the MC modeling, and the321

quoted branching fraction for Λ+
c → pK−π+. The un-322

certainty in the total number of J/ψ, determined via in-323

clusive hadronic events, is 0.5% [19]. The uncertainty324

due to tracking efficiency is 1.0% for each track, as deter-325

mined from a study of the control samples J/ψ → pK−Λ̄326

and ψ(3686) → π+π−J/ψ [21]. The uncertainties aris-327

ing from the differences of PID efficiencies between data328

and MC simulation for electron, pion, kaon, and proton329

are determined with the control samples e+e− → γe+e−330

(at 3.097 GeV), J/ψ → K+K−π0, J/ψ → π+π−π0 and331

J/ψ → π+π−pp̄, respectively. They are 0.3%, 1.0%, 0.5%332

and 0.6% for electron, pion, kaon and proton, respec-333

tively. The uncertainty of the kinematic fit is estimated334

using a control sample of J/ψ → π+π−pp̄, where a se-335

lection efficiency is defined by counting the number of336

events with and without the kinematic fit requirement.337

The difference of the selection efficiencies between data338

and MC simulation, 0.2%, is assigned as the correspond-339

ing systematic uncertainty. The uncertainty due to MC340

modeling is negligible [16]. In the calculation of the up-341

per limit, the branching fraction B(Λ+
c → pK−π+) =342

(6.35 ± 0.33)% is quoted from Ref. [20], yielding a sys-343

tematic uncertainty of 5.2%. The total systematic un-344

certainty is 7.0%, obtained by adding all of the above345

uncertainties in quadrature.346

In summary, by analyzing 1.3106×109 J/ψ events col-347

lected at
√
s = 3.097 GeV with the BESIII detector at348

the BEPCII collider, the decay of J/ψ → Λ+
c e

−+c.c. has349

been investigated for the first time. No signal events have350

been observed and thus the upper limit on the branching351

fraction is set to be 6.9 × 10−8 at the 90% CL, which is352

more than two orders of magnitude more strict than that353

of CLEO’s measurement in the analogous process [6].354

The result is one of the best constraints from meson de-355

cays [22, 23] and is consistent with the conclusion drawn356

from the proton decay experiment [24].357

The BESIII collaboration thanks the staff of BEPCII358

and the IHEP computing center for their strong sup-359

port. This work is supported in part by National360

Key Basic Research Program of China under Contract361

No. 2015CB856700; National Natural Science Founda-362

tion of China (NSFC) under Contracts Nos. 11475090,363

11575077, 11405046, 11335008, 11425524, 11625523,364

11635010, 11735014; the Chinese Academy of Sciences365

(CAS) Large-Scale Scientific Facility Program; the CAS366

Center for Excellence in Particle Physics (CCEPP);367

Joint Large-Scale Scientific Facility Funds of the NSFC368

and CAS under Contracts Nos. U1532257, U1532258,369

U1732263; CAS Key Research Program of Frontier370

Sciences under Contracts Nos. QYZDJ-SSW-SLH003,371

QYZDJ-SSW-SLH040; 100 Talents Program of CAS; IN-372

PAC and Shanghai Key Laboratory for Particle Physics373

and Cosmology; German Research Foundation DFG un-374

der Contracts Nos. Collaborative Research Center CRC375

1044, FOR 2359; Istituto Nazionale di Fisica Nucleare,376

Italy; Koninklijke Nederlandse Akademie van Weten-377

schappen (KNAW) under Contract No. 530-4CDP03;378

Ministry of Development of Turkey under Contract No.379

DPT2006K-120470; National Science and Technology380

fund; The Swedish Research Council; U. S. Department381

of Energy under Contracts Nos. DE-FG02-05ER41374,382

DE-SC-0010118, DE-SC-0010504, DE-SC-0012069; Uni-383

versity of Groningen (RuG) and the Helmholtzzentrum384

fuer Schwerionenforschung GmbH (GSI), Darmstadt.385

[1] F. C. Adams and G. Laughlin, Rev. Mod. Phys. 69, 337386

(1997).387

[2] A. D. Sakharov, JETP Lett., 5, 24 (1967).388

[3] H. Georgi and S. L. Glashow, Phys. Rev. Lett. 32, 438389

(1974).390

[4] J. C. Pati and A. Salam, Phys. Rev. D 10, 275 (1974);391

Phys. Rev. D 11, 703 (1975).392

[5] H. Nishino et al. (Super-Kamiokande Collaboration)393

Upper limit @ 90% C.L. on the BF

B(J/ψ → Λ+
c e

−) < 6.9× 10−8

More than two orders of magnitude more strict than CLEO’s
measurement in the analogous process D0 → p̄e+ + c.c.

P. Rubin et al., PRD 79, 097101 (2009)
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Summary and prospects

Clean and large e+e− data samples taken near threshold at BESIII are
well suited to indirect searches for new physics
Many recent results on exotic phenomena and forbidden decays

4 Dark photon with ISR: e+e− → γISRγ
′, γ′ → e+e−

J/ψ → η/η′ γ′, γ′ → e+e−

4 Invisible decay of light quarkonium: J/ψ → η ω/ϕ, ω/ϕ→ invisible
4 Light CP-odd Higgs boson: J/ψ → γA0, A0 → µ+µ−

4 Baryon and lepton number violation process: J/ψ → Λ+
c e

− + c.c.

Also at ICHEP2018
4 Search for FCNC’s at BESIII, Dayong Wang, PKU, July 7

More to come, especially with newly acquired J/ψ data sample
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