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New Physics Searching at BESIII

新物理效应微小，稀有过程更敏感

利用BESIII 采集的大统计量、高质量数
据,特别是含有100 亿 粒子和独特的
粲介子和粲重子近阈样本，在极高的实
验精度下研究各种稀有或禁戒的过程，
从而对各种BSM的理论进行检验。

J/ψ

From D.Y. Wang

SM contribution is highly suppressed. 

SM contribution is forbidden. 

SM contribution is dominant. 

From D.Y. Wang
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BEPCII and BESIII
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• BEPCII	is	an	e+e-	collider	opera5ng	at	τ-charm	energy	region	

• First	collision	in	2008,	physics	program	started	in	2009	

• BEPCII	reached	designed	luminosity	of	1x1033	cm-2s-1@1.89GeV	in	April	2016	

• BESIII	collabora5on	includes	~500	collaborators	from	15	countries,	s5ll	growing	

• Suitable	for	New	Physics:	high	luminosity,	low	background,	large	sta5s5cs,	herme5c	
detector	with	good	performance



BESIII Detector
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Excellent	resolu7on,	par7cle	iden7fica7on,	and	large	coverage	for	
neutral	and	charged	par7cles

NIMA614(2010)345

Clean environment and high luminosity at BESIII are helpful for 
“indirect searching” of new physics
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BESIII Detector



Physics at BESIII
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World	largest	threshold	J/ψ,	ψ(3686),	ψ(3770),	…	data	samples
More	than	430	papers	with	~80	in	Phys.	Rev.	LeQ.



High Statistics Data
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2009:   106M !(3686)
225M J/!

2010:   0.98 fb-1 !(3770)
2011:   2.93 fb-1 !(3770) (for "!(#), total)

0.48 fb-1 @4.01 GeV
2012:   0.45B !(3686) (total)

1.30B J/!	(total)
2013:   1.09 fb-1 @4.23 GeV

0.83 fb-1 @4.26 GeV
0.54 fb-1 @4.36 GeV
10´0.05 fb-1 XYZ scan@
3.81-4.42 GeV

2014:   1.03 fb-1 @4.42 GeV
0.11 fb-1 @4.47 GeV
0.11 fb-1 @4.53 GeV
0.05 fb-1 @4.575 GeV
0.57 fb-1 @4.60 GeV ($%#)
0.80 fb-1 R scan @3.85-4.59 GeV



High Statistics Data
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Data Sample Comparison

J/ψ 10 B 170 BESII

ψ(3686) 2.7 B 120 CLEO-c

D Data 8.0 /fb 9.6 CLEO-c

Ds Data 3.2 (6) /fb 5 (10) CLEO-c

XYZ data 26.6 /fb Unique

…	and	huge	sub-samples,	such	as	 	…η, η′�, ω, ϕ, K0
S
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New Physics Searches at BESIII

Very Rare

Symmetry

Exotic
• New Physics Searches at the BESIII Experiment, 

Shenjian Chen and Stephen Olsen, Nation Science 
Review 8, nwab189 (2021), arXiv: 2102.13290

• New Physics Program of BES, Dayong Wang, in “30 
Years of BES Physics”
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• Numerous astrophysical observations strongly 
suggest the existence of Dark Matter(DM) which 
provides a hint of dark sector (hidden sector).

• There might exist some “portals” that connect the SM 
sector to DM sector

R. Essig et al., arXiv: 1311.0029 (2013)

Dark Photon
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PRD99, 012013 (2019)

• First search for dark photon in E.M. Dalitz decays

⋅ J/ψ → ηγ′�, γ′� → e+e−

⋅ J/ψ → η′�γ′�, γ′� → e+e−

• Check narrow peaking structures in the me+e- distribution 

PRD99, 012006 (2019)

ω, ϕ

PRD99, 012006 (2019) PRD99, 012013 (2019)

Dark Photon
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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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PHOKHARA
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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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BABAYAGA

•  Search for narrow structure on top of the continuum QED background 

Dark Photon

Cover mass region: 1.5 GeV/c 2 ~ 3.4 GeV/c
p <1.5 GeV/c 2 : π+π- background dominates
p >3.4 GeV/c 2 : hadronic qq-bar process

Figure 2: The sum of the differences between the µ+µ−γISR
and e+e−γISR event yields and their respective 4th order
polynomials (dots with error bars). The red solid histogram
represents the exclusion limit with the 90% confidence, cal-
culated with a profile likelihood approach and including the
systematic uncertainty. The region around the J/ψ reso-
nance between 2.95 and 3.2 GeV/c2 is excluded.

To calculate the exclusion limit on the mixing
parameter ε2, the formula from Ref. [4] is used

σi(e+e− → γ′ γISR → l+l−γISR)

σi(e+e− → γ∗ γISR → l+l−γISR)
=

Nup
i (e+e− → γ′ γISR → l+l−γISR)

NB
i (e+e− → γ∗ γISR → l+l−γISR)

· 1
ϵ
=

3π · ε2 ·mγ′

2N l+l−
f α · δl+l−

m

, (1)

where i represents the i-th mass bin, α is the
electromagnetic fine structure constant, mγ′ the

dark photon mass, γ∗ the SM photon, and δl
+l−
m

(l = µ, e) the bin width of the lepton pair invari-
ant mass spectrum, 10 MeV/c2. The mass reso-
lution of the lepton pairs determined with MC for
e+e− and µ+µ− is between 5 and 12 MeV/c2. The
cross section ratio upper limit in Eq. 1 is deter-
mined from the exclusion upper limit (Nup) cor-
rected by the efficiency loss (ϵ) due to the bin
width divided by the number of µ+µ−γISR and
e+e−γISR events (NB) corrected as described be-
low. The efficiency loss caused by the incom-
pleteness of signal events in one bin is calcu-

lated with
∫ 5 MeV/c2

−5 MeV/c2 G(0,σ) dm/
∫∞
−∞ G(0,σ) dm,

where G(0,σ) is the Gaussion function used to de-
scribe the mass resolution.

The QED cross section σi(e+e− → γ∗ γISR →
l+l−γISR) must only take into account annihila-
tion processes of the initial e+e− beam particles,
where a dark photon could be produced. Thus, the

event yield of the e+e−γ final state has to be cor-
rected due to the existence of SM Bhabha scatter-
ing. This correction is obtained in bins of me+e−

by dividing the e+e− annihilation events only by
the sum of events of the annihilation and Bhabha
scattering processes. The first is generated with
the phokhara event generator by generating the
µ+µ−γ final state and replacing the muon mass
with the electron mass. The latter is generated
with the babayaga@nlo generator [24]. The cor-
rection factor varies between 2% and 8% depending
on me+e− .

The number of final states for the dark photon
N l+l−

f includes the phase space above the l+l− pro-
duction threshold of the leptons l = µ, e, and is
given by N l+l−

f = Γtot/Γll [25], where Γll ≡ Γ(γ′ →
l+l−) is the leptonic γ′ width and Γtot is the total
γ′ width. These widths are taken from Ref. [25]

Γll =
αε2

3m2
γ′
(m2

γ′ + 2m2
l )
√
m2

γ′ − 4m2
l (2)

Γtot = Γee + Γµµ · (1 +R(
√
s)) , (3)

where Γee ≡ Γ(γ′ → e+e−), Γµµ ≡ Γ(γ′ → µ+µ−),
and R(

√
s) is the total hadronic cross section R

value [26] as a function of
√
s.

The systematic uncertainties are included in
the calculation of the exclusion limit. The main
source is the uncertainty of the R value taken from
Ref. [26], which enters the calculation of the N l+l−

f
and leads to a mass dependent systematic un-
certainty between 3.0 and 6.0%. Other sources
are background subtraction as described above
(< 0.5%), the fitting error of the polynomial fit
to data (< 1%), the Bhabha scattering correction
factor using the phokhara and babayaga@nlo
event generator (< 1%), and data-MC differences of
the leptonic mass resolution. To quantify the latter
one, we study the data-MC resolution difference of
the J/ψ resonance for the µ+µ− and e+e− decays,
separately. The resonance is fitted with a double
Gaussian function in data and MC simulation, and
the width difference is (3.7 ± 1.8)% for µ+µ− and
(0.7 ± 5.3)% for e+e−. The differences are taken
into consideration in the calculations, and the un-
certainty in the differences (1%) is taken as the
systematic uncertainty of the data-MC differences.
The mass dependent total systematic uncertainty,
which varies from 3.5 to 6.5 % depending on mass,
is used bin-by-bin in the upper limit.
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Figure 2: The sum of the differences between the µ+µ−γISR
and e+e−γISR event yields and their respective 4th order
polynomials (dots with error bars). The red solid histogram
represents the exclusion limit with the 90% confidence, cal-
culated with a profile likelihood approach and including the
systematic uncertainty. The region around the J/ψ reso-
nance between 2.95 and 3.2 GeV/c2 is excluded.
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Figure 2: The sum of the differences between the µ+µ−γISR
and e+e−γISR event yields and their respective 4th order
polynomials (dots with error bars). The red solid histogram
represents the exclusion limit with the 90% confidence, cal-
culated with a profile likelihood approach and including the
systematic uncertainty. The region around the J/ψ reso-
nance between 2.95 and 3.2 GeV/c2 is excluded.
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factor using the phokhara and babayaga@nlo
event generator (< 1%), and data-MC differences of
the leptonic mass resolution. To quantify the latter
one, we study the data-MC resolution difference of
the J/ψ resonance for the µ+µ− and e+e− decays,
separately. The resonance is fitted with a double
Gaussian function in data and MC simulation, and
the width difference is (3.7 ± 1.8)% for µ+µ− and
(0.7 ± 5.3)% for e+e−. The differences are taken
into consideration in the calculations, and the un-
certainty in the differences (1%) is taken as the
systematic uncertainty of the data-MC differences.
The mass dependent total systematic uncertainty,
which varies from 3.5 to 6.5 % depending on mass,
is used bin-by-bin in the upper limit.
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BESIII results are cited into Darkcast�a global fit 
to constrain models  with experimental results



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

• If singlet scalar, pseudo-
scalar or vector (portals) 
exists, and mediates the SM-
DM interaction, it can allow 
invisible decays of SM 
particles to DM particles.

• The branching fraction of 
invisible decay might be 
enhanced in the presence of 
light DM particles.

• In the SM, quarkonium states can decay into neutrino and anti-
neutrino pair via virtual Z0 boson with very low expected BFs

B. McElrath, eConf C070805, 19 (2007) 15
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• First search for 
• Recoiling mass (against    ) is defined as η

J/ψ → ηω/ϕ, ω/ϕ → invisible
MV

recoil ≡ (ECM − E3π)2 − | p |2
3π

PRD98, 032001 (2018)
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TABLE I. Systematic uncertainties and their sources.

Source ω decays φ decays

Additive systematic uncertainties (events)

Fixed PDFs 0.1 0.1
Background modelling 1.6 1.0
Total 1.6 1.0

Multiplicative systematic uncertainties (%)

Charged tracks reconstruction 2.0 2.0
Photon detection 2.0 —
EExtra

γ requirement 1.1 1.1
π0 reconstrunction 1.0 —
Etot requirement 2.1 1.0
Fit parameters (visible decays) 0.3 negl.
B(ω → π+π−π0/φ → K+K−) 0.8 1.0
Nvisible

sig uncertainty 1.0 1.0
Total 4.0 2.9

obtained signal yields and the corresponding detection
efficiencies for the visible and invisible decays as pre-
sented above. The systematic uncertainty is included
by convolving the likelihood versus the branching frac-
tion ratio curve with a Gaussian function with a width
equal to the systematic uncertainty. The upper lim-
its on the branching fraction ratios are measured to be
B(ω→invisible)
B(ω→π+π−π0) < 8.1×10−5 and B(φ→invisible)

B(φ→K+K−) < 3.4×10−4

for ω and φmesons, respectively, at the 90% C.L. after in-
tegrating their likelihood versus branching fraction ratio
curves from zero to 90% of the total curve. By using the
branching fractions of ω → π+π−π0 and φ → K+K−

quoted in the PDG [21], the upper limits on the in-
visible decay branching fractions at the 90% C.L. are
calculated to be B(ω → invisible) < 7.3 × 10−5 and
B(φ→ invisible) < 1.7× 10−4, individually.

VII. SUMMARY

Using a data sample of (1310.6±7.0)×106 J/ψ events
collected by the BESIII experiment at the BEPCII col-
lider, a search for the invisible decays of ω and φ mesons
in J/ψ → V η 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 branch-
ing fractions of invisible decays to that of the corre-
sponding visible decays to be B(ω→invisible)

B(ω→π+π−π0) < 8.1× 10−5

and B(φ→invisible)
B(φ→K+K−) < 3.4 × 10−4, respectively. The up-

per limits on the branching fractions B(ω → invisible)
and B(φ → invisible) are also determined to be less
than 7.3× 10−5 and 1.7× 10−4, respectively, at the 90%
C.L. by using B(ω → π+π−π0) and B(φ → K+K−)
from the PDG [21]. These results can provide a comple-
mentary information to study the nature of dark matter
and constrain the parameters of phenomenological mod-
els [15, 16].
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• Upper limits set at 90% C.L. Nϕ
sig = − 0.6 ± 4.5
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PRD87, 012009 (2013)

•  decay play special role in low energy scale QCD theory
• Invisible and radiative decays offer a window for new physics BSM
• Observation of invisible final states provide information for light dark matter 

states , spin-0 axions, and light spin-1 U bosons
• Huge  sample, large  and narrow intermediate 

meson provide clean, large  sub-sample

η/η′�

χ
J/ψ ℬ(J/ψ → (γ/ϕ)η/η′�)

η/η′�
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• For the zero mass assumption of the 
invisible particle, the upper limit is 7.0 
× 10^-7 at 90% C.L., improved by a 
factor 6.2 compared to the previous 
CLEO result.

• The upper limits of 
 

for tan𝛽 = 0.5, 0.6, and 0.7 are also 
reported. We obtain better sensitivity 
with tan 𝛽 < 0.6 compared to the Belle 
result. 

gc × tan2β × B(J/ψ → γ invisible)

PRD101, 112005 (2020)
• the supersymmetric Standard Models 

predict a CP-odd pseudoscalar Higgs 
. The  can be produced in 

quarkonium radiative decay; Yukawa 
coupling of the  field to the quark-
pair: , 

• The  can decay into two neutralinos

• Search for gamma invisible via 

A0 A0

A0

gc = cosθA/tanβ gb = cosθAtanβ

A0

J/ψ →
ψ (3686) → π+π−J/ψ

B(J/ψ → γ invisible) < 7.0 × 10−7
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• Dark matter may be represented by baryon matter with invisibles, and theories suggest a potential correlation between 

baryon symmetry and dark sector (Phys. Rev. D 105, 115005)

• Discrepancy of neutron lifetime in beam method and the storage methods (4.1σ); 

can be explained by 1% of the neutron decay into dark matter Phys.	Rev.	D	99,	035031	

PRD105, L071102 (2022)

invisible



Light Higgs

The limits are five 

times below BESIII’s 

previous results  

(ψ(3686)→ππJ/ψ)

The light particle X could be a Higgs-
like boson 𝐴0, a spin-1 𝑈 boson, or a 
pseudoscalar sgoldstino particle. In this 
analysis, we find no evidence for any 

𝜇+𝜇− mass peak between the mass 
threshold and 3.0 GeV
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BESIII [PRD 85, 092012 (2012)]

• Search	for	a	Higgs-like	boson	in	ψ(3686) → π+π−J/ψ, J/ψ → γX, X → μ+μ−
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Light Higgs

• Search	for	a	CP-odd	Higgs	boson	in	J/ψ → γA0, A0 → μ+μ−

PRD105, 012008 (2022)

PRD93, 052005 (2016)
 events (225.0 ± 2.8) × 106 J/ψ

 events 9.0 billion J/ψ
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Flavor Changing Neutral Current
• In SM, FCNC is strongly suppressed by GIM mechanism and can happen 

only through loop diagram, leading to a very small BF, 10^(-9),  
theoretically

• The suppression in charm decays is much stronger than those in B and K 
system due to stronger diagram cancellation than the down-type quarks

• However, it can reach 10^(-6)  under LD contribution
• Sensitive to New Physics

SD contributions

LD contributions

D0 → π0νeν̄e

Signal Events: 14 ± 30

ℬ(D0 → π0νeν̄e) < 2.1 × 10−4

PRD97, 072015 (2018)

PRD105, L071102 (2022)



23

Flavor Changing Neutral Current

Sideband Sideband

Signal Region

• Upper limits set at 90% C.L.

Current Limits are within the SM 
expectation, no evidence for NP

B(ψ(3686) → Λ+
c p̄e+e−) < 1.7 × 10−6

PRD97, 091102 (2018)



B: 10-54 ~ 10-55

Charged Lepton Flavor Violation
• The	non-zero	neutrino	masses	and	mixing	can	introduce	flavor	
transi5ons,	but	the	expected	branching	frac5ons	are	at	an	extremely	
rare	level.	For	example,	with	the	present	knowledge	on	neutrino	mixing	
parameters,	the	branching	frac5on	of	the	cLFV	process	μ	→	eγ	is	only	
about	10−55.

• Thus,	searching	for	the	cLFV	events	which	are	SM	forbidden	would	be	
clear	signal	of	physics	beyond	the	SM.	

• For	example,

24

B: 10-15 ~ 10-12



Charged Lepton Flavor Violation

25

• LFV	in	meson	decays

Nucl. Phys. B Supp. 188, 303

• LFV	in	quarkonium	decays
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n The cLFV search in lepton decay, pseudoscalar meson decay and 
vector meson decay etc with no evidence. Equally important to 
search it in heavy quarkonium decays. 

n The cLFV decays of vector mesons ! → #!#" are also predicted in 
various of extension models of SM[1]: 

	ℬ#$%&('/) → *+)< 10'()
	ℬ#$%&('/) → e(+)1) )< 10'%

n '/) LFV decays have been measured by BES collaboration. 

Charged Lepton Flavor Violation

Nobs = 4
Nbkg = 4.75

[1]: Phys. Rev. D 63, 016003, Phys. Rev. D 83, 115015, 
Phys. Lett. A 27, 1250172, Phys. Rev. D 97, 056027

PRD87, 112007 (2013)

225	M	J/ψ

B(J/ψ → eμ) < 1.1 × 10−6 1310	M	J/ψ 8776	M	J/ψ

PR1037, 112007 (2021)

B(J/ψ → eτ) < 7.5 × 10−8



Baryon Number Violation
• Many SM extensions and Grand Unified Theories, such as superstring or SUSY, predict proton 

decays. In this case, baryon number is violated while the difference ∆(B-L) is conserved.
• Since the matter–antimatter asymmetry in the universe is an observable fact, the negative result 

from proton decay experiment does not imply BN is conserved.
• Searches for new physics at collider experiments are complementary to those at specifically 

designed non-collider experiments. 
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PRD99, 072006 (2019)

• First search for         
• The first BNV search in quarkonium decay 

products.
•

J/ψ → Λ+
c e− + c . c .

ℬ(J/ψ → Λ+
c e− + c . c.) < 6.9 × 10−8
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Baryon Number Violation

D+ → Λe+D+ → Λ̄e+

D+ → Σ0e+D+ → Σ̄0e+

D0 → p̄e+

D0 → pe−

PRD101, 031102 (2020) PRD105, 032006 (2022)

Current Limits are far above the theoretical prediction
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Baryon Number Violation
• The	discoveries	of	neutrino	oscilla5ons	have	made	  oscilla5on	to	be	quite	plausible	
theore5cally[PRL96,	061801(2006)]	if	small	neutrino	masses	are	to	be	understood	as	a	consequence	
of	the	seesaw	mechanism,	which	indicates	the	existence	of	Δ(B-L)=2	interac5ons.	

• The	theore5cal	advantage	for	using	 	is	it	has	a	second	genera5on	quark,	which	can	give	
different	knowledge	with	the	result	of	proton	decay	which	only	have	the	first	genera5on	quark.

N − N̄

Λ − Λ̄

BES
III P

reli
min

ary
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Lepton Number Violation

D0 → K−e+νm(π−e+)

D+ → K0
Se+νm(π−e+)

• Lepton	number	(LN)	is	conserved	in	the	Standard	Model.

• Neutrino	oscilla5on	→	m_ν≠0	→	New	Physics	scenario.

• Nature	of	neutrino:	Majorana	or	Dirac?

• Majorana	neutrino	can	violate	LN	by	two	unit

• LNV	is	introduced	in	many	New	Physics	models

D0 → K−e+νm(π−e+)

D+ → K0
Se+νm(π−e+)

best limits on these channels up to now

PRD99, 112002 (2019)
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Lepton Number Violation

!! !!

""! "#$"%

# = #%

PRD 103 (2021) 052011 

!(#!→ %&!&!) < ). +	×./!" !(#!→ #"%) < (. *	×(-!#

• Two down-type ( d or s ) quarks convert into two up-

quarks[PLB556, 98; PRD76, 116008], similar to 0νββ 
• ST events: J/ψ→ (1385)^+ Σ^-+c.c.,  (1385)^+→π^+ 

Λ (̅→p π̅^+), save all (1385)^+  candidates; fit the recoil 

mass of (1385)^+. 
• DT events: in the recoil side of the ST events, searching for 

Σ^- → pe^- e^-; Σ^- → Σ^+ (→p π^0)X

Σ̄ Σ̄
Σ̄

Σ̄

!!" = #$%%$& ± ()&#$%$.

PRD103, 052001 (2021)



Summary
• BESIII	has	performed	wide	range	of	searches	to	probe	new	physics	BSM.		

• Exotic	resonance	search:	light	Higgs/Dark	photon	etc	

• Invisible	decays	

• FCNC	processes	

• Charged	lepton	flavor	violation(CLFV)	processes	

• Baryon	number	violation(BNV)	processes	

• Lepton	number	violation(LNV)	processes		

• Charmonia	weak	decays	

• Charm	meson	radiative	decays	

• C-violation	EM	processes	

• C	and	CP	violation	decays	

• ……	

• BESIII	has	great	poten5al	with	unique	(and	increasing)	datasets	and	analysis	
technique	
• More	to	come,	stay	tuned!	

• More	ideas/collaborations	are	welcome!	

谢谢大家！


