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Motivation for Dark Sector
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DARK MATTER 

2 

Rotation curve of the typical spiral galaxy M 33 

https://en.wikipedia.org/wiki/Galaxy_rotation_curve 

§  Dark matter: a factor of 
5 over normal matter 

§  Gravitational interaction 
§  Constitution keep 

unknown 

§  Numerous indirect 
astrophysical and 
cosmological 
observations point to 
the presence of dark 
matter  

Dark Energy 
69.4% 

Dark Matter 
25.8% 

Atoms 
4.8% 

Planck satellite, arXiv:1502.01589  



Dayong Wang

Dark sector and portal
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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)
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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’, γ’ or U 
boson in the literature 

 
 

Intensity 

Cosmic 
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Consisting of (light) particles do not interact with the known 
strong, weak, or electromagnetic forces 

DARK SECTOR 

SM Sector 
SU(3)×SU(2)×U(1) Dark Sector 

Portal 

R. Essig, et al, arXiv:1311.0029 

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

Dark Sector 16 

DS16 

arxiv: 1608.08632

NATURE
2012.4
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Dark photon: characteristics
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Low energy, high luminosity e+ e- colliders are believed to be good places to search new 
physics models with dark sector phenomenology. 
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BEPCII and BESIII Exp

• BEPCII is the only collider currently running at τ-charm energy
• First collision in 2008, physics run started in 2009
• BEPCII reached peak lumi of 1x1033 cm-2s-1@1.89GeV in April 2016
• BESIII collaboration includes 61 institutes: 36 Chinese institutes，

14 European ones，5 US ones and 6 from other Asian countries, 
~450 collaborators
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BEPCII: a τ-c Factory
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p Rich of resonances, charmonia and  charmed mesons.
p Threshold characteristics (pairs of τ, 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

6
τ+τ− DsDs ΛcΛc
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BESIII Detector
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Ref:
NIM A614, 
345 (2010)

Clean environment and high luminosity at BESIII are 
helpful for indirect probe of new physics
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2015 ETOF upgrade: 60ps

2018: Inner upgrade
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BESIII data samples
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∼ 0.5 B        𝜓(3686) events    ∼ 24×CLEO-c
∼ 1.3 B       𝐽/𝜓 events                  ∼ 21×BESII

∼ 2.9/fb      𝜓(3770) ∼ 3.5×CLEO-c

∼ 9/fb XYZ		states	above	4	GeV				Unique
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• 20 points for R &QCD Scan: 
500/pb finished in May 2015

• Y(2175) resonance: 100 /pb : 
finished in June 15, 2015

• 2016: 3/fb Ds data at 4170 MeV 
∼ 5×CLEO-c

• 2017-2018：6-8B 𝐽/𝜓 (NEW)

∼ other data sets: tau, Λc, resonance 
scan and continuum, etc.
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Dark photon search with ISR  
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Search for narrow structure on top of the continuum QED background 
e+ e− → γISR l+ l−
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Mass spectrum of mumu and ee
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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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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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PreliminaryPreliminary

PHOKHARA BABAYAGA

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

2.9fb-1 psi(3773) dataset(2010+2011)

arXiv:1705.04265,
submitted to Phy. Lett. B
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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 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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BESIII ISR search results
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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.

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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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
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The number of final states for the dark photon
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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−
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where Γee ≡ Γ(γ′ → e+e−), Γµµ ≡ Γ(γ′ → µ+µ−),
and R(
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s) is the total hadronic cross section R

value [26] as a function of
√
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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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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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DP search through meson decays
November 19, 2012 14:41 WSPC/146-MPLA S0217732312502239 5–11

Study of the Electromagnetic Transitions J/ψ → P l+l− and Probe Dark Photon

From Eqs. (5) and (6) the q2-dependent differential decay width in the ψ → Pl+l−

decay normalized to the width of the corresponding radiative ψ → Pγ is derived:

dΓ(ψ → Pl+l−)

dq2Γ(ψ → Pγ)
=

α

3π

!

!

!

!

fψP (q2)

fψP (0)

!

!

!

!

2
1

q2

"

1−
4m2

l

q2

#
1
2
"

1 +
2m2

l

q2

#

×
$"

1 +
q2

m2
ψ −m2

P

#2

−
4m2

ψq
2

(m2
ψ −m2

P )
2

%
3
2

= |FψP (q2)|2 × [QED(q2)] , (7)

where the normalized form factor for the ψ → P transition is defined as FψP (q2) ≡
fψP (q2)/fψP (0), and the normalization is FψP (0) = 1. The form factor defines the
electromagnetic properties of the region in which ψ 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 α 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 effect at leading order. In addition to that, the external
conversion of the γ from the radiative decay of ψ → Pγ 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 affect the slope shape of the dilepton. For the decays accompanied by
the production of the muon pairs the radiative corrections and external radiation
effects 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

FψP (q
2) =

1

1− q2

Λ2

, (8)

where the pole mass Λ should be the mass of the vector resonance near the energy
scale of the decaying particle according to the VDMmodel. In ψ decay the pole mass
could be the mass of ψ′. By assuming the pole approximation and taking Λ = mψ′ ,
in Fig. 1 we show the differential decay rates for ψ → π0l+l−, ηl+l− and η′l+l−,
respectively. The decay rates for ψ → π0l+l−, ηl+l− and η′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)
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Theoretical prediction for the reach of dark photon.
The black dashed line represents P= 𝜂′

With 1.3 billion 𝐽/𝜓 data,  it is a good 
opportunity  to improve the  precision of  
B(𝐽/𝜓 → 𝜂′𝑒D𝑒E)  and search for the dark 
photon through decays 𝐽/𝜓 →
𝜂′U, U → 𝑒D𝑒E at BESIII.

This process was first observed by
BESIII with 225M 𝐽/𝜓 sample
Phys. Rev. D 89, 092008 (2014)
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𝑱/𝝍 → 𝜼′𝒆D𝒆E Event selection

14

l Selection of  𝛾𝑒D𝑒E𝜋D𝜋E/𝛾𝛾𝑒D𝑒E𝜋D𝜋E
u Four good charged tracks with 𝑒D𝑒E identified successfully
u At least one/two good photons in EMC
u 𝑒D𝑒E𝜋D𝜋E successful vertex fit
u 𝛾𝑒D𝑒E𝜋D𝜋E/𝛾𝛾𝑒D𝑒E𝜋D𝜋E 4C fit with𝑥NOP < 100

l Veto of 𝛾 conversion : 𝛿TU < 2cm

u 𝜂V → 𝜂𝜋D𝜋E
Select 𝜂:     M(𝛾𝛾) ∈ (0.48,0.60) GeV/c2

u 𝜂V → 𝛾𝜋D𝜋E
Veto 𝜋W: M(𝛾𝑒D𝑒E) ∉ (0.10,0.16) GeV/c2

l Addition selection for each mode 

2017/9/1 PANIC2017

1.3B J/psi dataset(2009+2012)
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𝜂′ → 𝛾𝜋D𝜋E

l Signal:				MC	shape	⊗ Gaussian
l Peaking	background:	MC	shape		(𝛾 conversion/ 𝐽/𝜓 → 𝛷𝜂′ )

𝜂′ → 𝜂𝜋D𝜋E
Branching fraction  result

𝜂′ → 𝛾𝜋D𝜋E 𝜂′ → 𝜂𝜋D𝜋E

Signal Yield 6436.9	 ± 87.1 2494.4	 ± 51.3
Background Yield 981.4	 ± 43.8 27.3	 ± 10.0
Efficiency (%) 28.21 19.94
B(𝐽/𝜓 → 𝜂′𝑒D𝑒E) (10E` ) 5.98 ± 0.08abcb ± 0.32aUab 5.65± 0.12abcb ± 0.33aUab
Combined	 	result(10E`) 5.81 ± 0.07abcb ± 0.29aUab

Improves on the previous BESIII measurement  of  B(𝐽/𝜓 → 𝜂′𝑒D𝑒E)

l Non-peaking	background:	Chebychev Polynomial

Phys. Rev. D 89,092008 (2014)2017/9/1 PANIC2017

Preliminary
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DP search:
selection,resolution,efficiency

l Additional event selection criteria
1. Without 𝛾 conversion veto
2. 𝜂V signal region [0.93,0.98] GeV
3. M(𝑒D𝑒E) > 70 MeV/c2

𝜂′ → 𝛾𝜋D𝜋E

𝜂′ → 𝜂𝜋D𝜋E

l Resolution and selection efficiency from signal MC

u σm :  2 - 7 MeV

u Efficiency:  35 - 41 %

u σm :  2 - 8 MeV

u Efficiency:  22 - 28 %

u The resolution σm of dark photon signal and  selection efficiency 
depend on dark photon mass  mU. 

2017/9/1 PANIC2017
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Dark photon search strategy
l Signal description:

u Shape: A sum of two Crystal Ball (CB) 
functions with opposite tails.

u Parameters are interpolated 
based on signal MC samples 
generated with different mU
hypotheses.

𝜂′ → 𝛾𝜋D𝜋E 𝜂′ → 𝜂𝜋D𝜋E

l Background description:
u Shape: A sum of 2nd order polynomial and exponential, parameters are determined 

from data fit.
u 𝜔	and Φ regions are excluded. 

l Strategy:
u Assuming the background  is smooth, 

dark photon would appear as a narrow 
peak on the top of the background.

u We look for a narrow peak signal on 
invariant mass of e+e- by a step of 2 
MeV in [0.1, 2.1] GeV range.

2017/9/1 PANIC2017
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l Nsig :  Number of signal yield.

l S : Statistical significance of signal , defined as

l No significant dark photon signal is observed.

l Set combined limits @ 90% C.L. on the branching fractions 
1. B( 𝐽/𝜓 → 𝜂VU) ×B(	U → 	𝑒D𝑒E)
2. B( 𝐽/𝜓 → 𝜂VU): B(	U → 	𝑒D𝑒E) is considered as a function of mU from 

Phys. Rev. D 79, 115008 (2009).

𝜂′ → 𝛾𝜋D𝜋E 𝜂′ → 𝜂𝜋D𝜋E

Dark photon search results
Combined results

2017/9/1 PANIC2017

Preliminary
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Exclusion limit on mixing 
strength 

:Mass of  particle X 

:Branching fraction     

:Kinematic mixing strength between  
SM photon and dark photon

:Form factor F

: Kinematic factor  

arXiv:  0904.1743mX

Λ= 3.686 GeV
Mod. Phys. Lett. A 27, 1250223 (2012)

2017/9/1 PANIC2017

Preliminary



Dayong Wang

Other related searches at BESIII
■ Light Exotica searches

■ Meson invisible decays
◆ eta/eta’->inv:
◆ Ongoing:

● Jpsi -> inv,
● Jpsi -> gam+inv
● phi/omega -> inv

■ Ongoing DP search channels
◆ Invisible DP in ISR process
◆ 𝐽/𝜓 → 𝜂𝑒D𝑒E

◆ … and more
2017/9/1 PANIC2017 20

Phys.Rev. D 85, 092012 (2012)
Phys.Rev. D 93, 052005(2016)

Phys. Rev. D 93, 052005(2016)
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14 (b)BESIII, PRD 87, 012009 (2013)  
§  No signal events observed 

§  B(η→invisible)/B(η→γγ)    
< 2.6 ×10-4 

§  B(η’→invisible)/B(η’→γγ)  
< 2.4 ×10-2 

§  B(η→invisible) < 1.0 ×10-4 

§  B(η’→invisible) < 5.3 ×10-4 

  

§  Improved upper limits in both cases 

§  Theory estimate: B(η(’)→χχ) ~ 7.4(8.1) ×10-5(7)  

B. McElrath, PRD 72, 103508 (2005)  

INVISIBLE DECAY OF η(’)Phys.Rev. D 87, 012009 (2013)

Phys.Rev. D 87, 012009 (2013)
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Summary
l BESIII has joined the world wide efforts of DP search.
l DP search with untagged ISR events in 1.5 GeV/c2 ~ 3.4 

GeV/c2 set competitive limit on the mixing strength 
between 10-3 and 10-4 in this region

l The branching fraction of  𝐽/𝜓 → 𝜂′𝑒D𝑒E is updated with 
1.3 billion 𝐽/𝜓 data to be (5.81 ± 0.07abcb ± 0.29aUab)×10E`. 

l DP is searched 𝐽/𝜓 → 𝜂VU, U → 	𝑒D𝑒E. Upper limits on 
B( 𝐽/𝜓 → 𝜂VU) ×B(	U → 	𝑒D𝑒E) and B( 𝐽/𝜓 → 𝜂VU) is set for 
the first time, the mixing strength 𝜀 constrained

l As the only currently running tau-charm factory, BESIII has 
great potential with unique datasets: More to come, stay
tuned!

2017/9/1 PANIC2017 21
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Thanks! 
Extra slides…
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