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n 1984 ground breaking
n 1988 1st collision
n 1989 data-taking began
n Minor updates in mid-90s
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BEPCII: a t-c Factory
p Rich of resonances, charmonia and  charmed mesons.
p Threshold characteristics (pairs of t, D, Ds, charmed baryons…).
p Transition between perturbative and non-perturbative QCD.
p New hadrons: glueballs, hybrids, multi-quark states
p New Physics: high lumi, large datasets, hermetic detector with 

good performance

3
t+t- DsDs LcLc

Hidden Sectors at Kaon and Hyperon Factories2021/7/12 3



Dayong Wang

BESIII data samples

∼ 0.5 B(3B soon) 𝜓(3686) events             ∼ 24(140)×CLEO-c

∼ 10 B       𝐽/𝜓 events                     ∼ 170×BESII
∼ 2.9/fb(20/fb soon) 𝜓(3770) ∼ 3.5(24)×CLEO-c

~23/fb (30+15/fb in future) XYZ		above	4	GeV				Unique

• 20 points for R &QCD Scan: 500/pb
in 2015

• Y(2175) resonance: 100 /pb :
• 3/fb Ds data at 4170 MeV ∼

5×CLEO-c
• 3.8/fb 4.6-4.7GeV data in 2020
• 4.7-4.95GeV in 2021
∼ other data sets: tau, Lc, 
resonance scan and continuum, etc.
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Unique features for NP

J/ψ !"#$%&

2019/2/11

p Event is very clean 
p High tagging efficiency 
p Most systematic uncertainties can be 

cancelled
p Could measure absolute BFs 
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BESIII New Physics Program

Exotic
Rare

Symmetry

More details, r.f.

ü New Physics Searches at the BESIII 
Experiment! Shenjian Chen and Stephen 
Olsen!NSR, arXiv:2102.13290

ü New Physics Program of BES, Dayong
Wang, in"30 Years of BES Physics#
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Portals to BSM: dark sector

SM, dark sector, and portal 

portal 

SUSY, extra dim…? 
Unification? 

dark sector 
(light) 
 
New bosons? 
Light dark matter ? 

Standard  
model 

Energy 
BSM 
(heavy) 

(5) (6)
(5) (6)

2 ...i i
eff SM i i

f fL L O O � � �
/ /¦ ¦

The interactions between the SM and 
BSM can be described by effective 
operators 
 
 
 

       They are always suppressed by the 
energy scale  
Difficult to be tested at low energy scale 
experiments. Only via indirect effects ? 
There may be new light particles 
connecting the dark sector to SM ! 

It is also referred as to heavy 
photon, hidden photon, A’, J’ or U 
boson in the literature 

 
 

Intensity 

Cosmic 

γ!dark sector Standard Model

Exotic

collider, beam dump

H→invisible, couplings
neutrino exp, dump
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Dark photon search with ISR  
Search for narrow structure on top of the continuum QED background 

e+ e− → γISR l+ l−
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Number of signal events

n Fit QED background with 4 
order polynomial 

n No peaking structure 
observed  

n Combined statistical 
significance less than 3 σ

n 90% confidence level limit 
obtained
n with profile likelihood 

approach 
W. Rolke et al., NIM A 551, 493 (2005)

n systematic uncertainty 
included
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Figure 2: The sum of the di!erences between the µ+µ!!ISR
and e+e!!ISR 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/" reso-
nance between 2.95 and 3.2 GeV/c2 is excluded.

To calculate the exclusion limit on the mixing
parameter !2, the formula from Ref. [4] is used
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where i represents the i-th mass bin, & is the
electromagnetic fine structure constant, m!! the

dark photon mass, ## the SM photon, and 'l
+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 e!ciency loss ($) due to the bin
width divided by the number of µ+µ!#ISR and
e+e!#ISR events (NB) corrected as described be-
low. The e!ciency loss caused by the incom-
pleteness of signal events in one bin is calcu-

lated with
! 5 MeV/c2

!5 MeV/c2 G(0,") dm/
!$
!$ G(0,") dm,

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

The QED cross section "i(e+e! ! ## #ISR !
l+l!#ISR) 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!# 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!# 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 = "tot/"ll [25], where "ll " "(#" !
l+l!) is the leptonic #" width and "tot is the total
#" width. These widths are taken from Ref. [25]

"ll =
&!2

3m2
!!
(m2

!! + 2m2
l )
"
m2

!! # 4m2
l (2)

"tot = "ee + "µµ · (1 +R(
$
s)) , (3)

where "ee " "(#" ! e+e!), "µµ " "(#" ! 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 di#erences of
the leptonic mass resolution. To quantify the latter
one, we study the data-MC resolution di#erence of
the J/( 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 di#erence is (3.7 ± 1.8)% for µ+µ! and
(0.7 ± 5.3)% for e+e!. The di#erences are taken
into consideration in the calculations, and the un-
certainty in the di#erences (1%) is taken as the
systematic uncertainty of the data-MC di#erences.
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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DP search through meson decays

November 19, 2012 14:41 WSPC/146-MPLA S0217732312502239 5–11

Study of the Electromagnetic Transitions J/! ! P l+l! and Probe Dark Photon

From Eqs. (5) and (6) the q2-dependent di!erential decay width in the ! ! Pl+l!

decay normalized to the width of the corresponding radiative ! ! P" is derived:

d"(! ! Pl+l!)

dq2"(! ! P")
=

#

3$

!

!

!

!

f!P (q2)

f!P (0)

!

!

!

!

2
1

q2

"

1"
4m2

l

q2

#
1
2
"

1 +
2m2

l

q2

#

#
$"

1 +
q2

m2
! "m2

P

#2

"
4m2

!q
2

(m2
! "m2

P )
2

%
3
2

= |F!P (q2)|2 # [QED(q2)] , (7)

where the normalized form factor for the ! ! P transition is defined as F!P (q2) $
f!P (q2)/f!P (0), and the normalization is F!P (0) = 1. The form factor defines the
electromagnetic properties of the region in which ! is converted into pseudoscalar.
By comparing the measured spectrum of the lepton pairs in the Dalitz decay with
QED calculations for point-like particles, it is possible to determine experimentally
the transition form factor in the time-like region of the momentum transfer.1,2

Namely, the form factor can modify the lepton spectrum as compared with that
obtained for point-like particles.

For the decays accompanied by the production of the electron–positron pair,
we should note that the radiative corrections proportional to # ln2(q2/m2

l ) will be
important. We will not discuss the high order QED corrections in this analysis since
the data sample in the BESIII experiment is still small, and BESIII is expected to
see the first signal for the e!ect at leading order. In addition to that, the external
conversion of the " from the radiative decay of ! ! P" will make the analysis more
complicated, however, at the BESIII the external conversion rate could be up to 2%,
and the invariant mass of the me+e! will form a narrow peak at 20–40 MeV, which
will not really a!ect the slope shape of the dilepton. For the decays accompanied by
the production of the muon pairs the radiative corrections and external radiation
e!ects are negligibly small.

To estimate the order of magnitude, one may use the Vector Dominance
Model (VDM), in which the hadronic EM current is proportional to vector me-
son fields.34–36 Hence the VDM predicts a growth of the transition form factors
with increasing dilepton mass. The form factor may be parametrized in the simple
pole approximation as

F!P (q
2) =

1

1" q2

!2

, (8)

where the pole mass # should be the mass of the vector resonance near the energy
scale of the decaying particle according to the VDMmodel. In ! decay the pole mass
could be the mass of !". By assuming the pole approximation and taking # = m!" ,
in Fig. 1 we show the di!erential decay rates for ! ! $0l+l!, %l+l! and %"l+l!,
respectively. The decay rates for ! ! $0l+l!, %l+l! and %"l+l! are estimated and
presented in Table 2. To study the dependence of the decay rates on the value of
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J Fu et al., 
Mod. Phys. Lett. A 27, 1250223 (2012)

10

Theoretical prediction for the reach of dark photon.
The black dashed line represents P= 𝜂′

With 10 billion 𝐽/𝜓 data,  it is a good 
opportunity  to search for the dark photon 
through decays 𝐽/𝜓 → 𝜂（′）𝛾′, 𝛾′ → 𝑒! 𝑒" at 
BESIII.

This process was first observed by
BESIII with 225M 𝐽/𝜓 sample
Phys. Rev. D 89, 092008 (2014)
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1.8×10!" ~ 2.0 ×10!#

6.0×10!" ~ 7.8 ×10!#

3.4×10!$ ~ 2.6 ×10!%

DP (𝜸′) search in 𝑱/𝝍 decays(1.3B)
PRD 99, 012013 (2019)

PRD 99, 012006 (2019)

γ!
𝑱/𝝍 → 𝜼(′)𝒆!𝒆"

PRD.102,052005（2020）
Leptophobic DP via J/psi -> gamma pi0 eta'
p In the γπ0mass spectrum, no significant 

excess is seen for any mass hypothesis in the 
range of 0.2 ≤ MUʹ ≤ 2.1 GeV. 

p The UL on the product branching fractions: 
(0.8 - 6.5)×10-7 at the 90% C.L. 

Hidden Sectors at Kaon and Hyperon Factories 2021/7/12
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hyperons
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Dayong Wang

Hyperon production at BESIII
Features

u Unpolarized e+e- beams ⇨ transverse polarization 
u Potential handle to suppress the SM bkg in DS searches

There are two major ways
n e+ e- à B1B2

u Many continue c.m.s points: mainly for QCD studies (cross section;
baryon FF) . Thresholds:

n J/psi (psip)->B1B2
u Huge cross section => high statistics at one c.m.s.

2021/7/12 Hidden Sectors at Kaon and Hyperon Factories 13



Dayong Wang

Hyperon rare decays

Hai-bo Li, Front. Phys. 12, 121301 (2017).

FCNC
virtual-g
penguin

FCNC
virtual-Z
penguin

DL=2
process

current
10-6

projection
10-6

Hidden Sectors at Kaon and Hyperon Factories2021/7/12 14
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Calibration: Σ-→ pe-e- and Σ-→Σ+X

2021/7/12 15

Based on 1.3B 𝐽/𝜓，search for Δ𝐿 = 2
𝐵𝑁𝑉 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 Σ" → 𝑝𝑒"𝑒" and Σ" → Σ! + 𝑋
in the 𝐽/𝜓 decays for the first time

HBL2017 scaled factor

0.6E-6 4.6E-6 6.8
1.0E-6 7.7E-6 640

Phys. Rev. D 103, 052011 (2021)
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FCNC hyperon decays B1->B2+inv
n The latest K → π+inv measurements indicate that the room 

for possible NP in these modes has significantly shrunk.
u sensitive to only a subset of the possible s→d+inv operators.

n They could also induce analogous hyperon decays 
u Such as S+→p+inv and W-→X- +inv (arxiv: 1901.10447)

n No experimental results yet!
u Estimation from arxiv: 2006.05985
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Explicit model: massless DP
n Massless dark photon

n This type of DP can evades constraints of
massive one, and these FCNC can be probed at BESIII
n Predictions

n Within reach of BESIII (even considering the same factors)

2021/7/12 Hidden Sectors at Kaon and Hyperon Factories 17

from arxiv: 1911.13301
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A model-indep estimation
n Estimations using constraint info from Kaon sector

n Explicit models
u scalar leptoquarks and sterile neutrinos.
u Arxiv: 1912.13507 

n Again, within reach of BESIII
u But at a margin if the same factors are assumed

2021/7/12 Hidden Sectors at Kaon and Hyperon Factories 18
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Some simulations

2021/7/12 Hidden Sectors at Kaon and Hyperon Factories 19

with tagging

Both has a factor ~10-15 w.r.t. HBL2017
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The invisible decay of hyperons

Hidden Sectors at Kaon and Hyperon Factories2021/7/12 20

Phys.Rev.D 99 (2019) 3, 035031
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Searching for L invisible decay
n Strategy: using Jpsi->Lambda pairs , ppi channel as ST
n double tag method could be utilized

n The major challenge: modeling of missing energy
u Huge n pi0 and other background;
u Not reliably simulated in GEANT4(rff next page)
u Control channels containing neutron are used: data-driven modeling

n Expected BR Sensitivity~10-5

n The work is still under BESIII internal review
u Hope to release a preliminary results soon …
u Stay tuned!
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More about experimental bkg
n Problems

u Weighting neutron a control sampeles of n and KL not always work due
to very different kinematic behavior

u Complex nuclear interactions; Matter-antimatter asymmetry
u Simulation not reliable
u Non-physical bkg: Instrumental noises and leaks; EMC reconstruction;

mis-calibration effects …

n Some Machine Learning algorithms may help
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ParticleNet w/ EdgeConv
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Future BESIII data sets

Chinese Phys. C 44, 040001 (2020).

Extended running of another 5-8 years, with upgrade in both energy and lumi
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BEPCII-U: Parameters & RF modification

• 1 RF cavity/ring => 2 RF cavities/ring
• Local lattice has been redesigned

RF Region@BEPCII

RF Region@BEPCII-U

Luminosity is increased by a factor of 3.

Beam Energy：2.35GeV
BEPCII BEPC3

Lum [1032cm-2s-1] 3.5 11

𝛽!∗ [cm] 1.5 1.3

Bunch Current 
[mA]

7.1 7.5

Bunch Num 56 120

SR Power [kW] 110 250

𝜉!,#$% 0.029 0.036

Emittance [nmrad] 147 152

Coupling [%] 0.53 0.35

Bucket Height 0.0069 0.011

𝜎&,' [cm] 1.54 1.04

𝜎& [cm] 1.69 1.3

RF Voltage 1.6 MV 3.3 MV

Rf: Zhang@FPCP2021
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BEPCII-U vs BEPCII
3 x

Luminosity Performance at Different Energy

Rough schedule:
July-Dec.  2024, Shutdown for Hardware Installation 
January 2025, Restart

2.8GeV

Rf: Zhang@FPCP2021
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Even far future: proposed STCF
n Peaking luminosity (0.5-1)×1035 cm-2s-1 at 4 GeV, 1012 𝑱/𝝍 per year
n Energy range Ecm = 2-7 GeV
n Potential to increase luminosity and realize beam polarization

Hidden Sectors at Kaon and Hyperon Factories

No serious simulation on DS searches in
hyperon decays yet … TBD

=>Some prospects: see Andrzej talk
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Thanks! 
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