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Motivation

Galaxy Rotation Curve (M33)

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

PAMELA: Positron fraction

O Adriani et al.,

Nature 458 (2009) 607

SPI/Integral

P. Jean et al.,

A7A 407, L-55-L58 (2003)

AMS: Positron fraction

M. Aguilar et al. (AMS Collaboration)

Phys. Rev. Lett. 110, 141102 (2013)

Plenty of evidence on the existence of

dark matter (DM), but its precise

nature and origin remain elusive.

Presence of DM is inferred via

gravitational effect only.
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Motivation

 The DM hidden sectors couple to the SM particles via the so

called “portals”

 These new particles can be accessible by high intensity e+e-

collider experiments, such as BESIII and KLOE experiments, if

their masses are in the MeV-GeV range.

 New physics models beyond the Standard Model (SM) include the possibility of light weak interacting

DM hidden sectors
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BESIII and KLOE Experiments

5

Symmetric e+e- collider experiments running at tau-charm and ϕ(1019) mass regions, respectively.

Physics objectives:  study the light hadron spectroscopy and search for new physics phenomena.

**BESIII also plans to replace the inner part of the

drift chamber by the three layers of the CGEM

detector soon.
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Datasets

6

BESIII:  collected large data samples at several energy 

points between 2-4.6 GeV.
KLOE/KLOE-2 experiment (the

Frascati ϕ factory): collected the

data at 𝒔 = 𝒎𝝓 ≈ 𝟏. 𝟎𝟏𝟗 GeV

 KLOE (2001 – 2006) 

 KLOE-2 (2014 – 2018) 

• 2.5 fb-1 data at ϕ peak

• 250 pb-1 off-peak

• 5.5 fb-1 data at ϕ peak

IDEAL ENVIRONMENT TO STUDY THE LIGHT HADRON

SPECTROSCOPY & SEARCH FOR NEW PHYSICS PHENOMENA!!



2019/11/12 LDMA'19 at Fondazione Querini Stampalia - Venezia 7

Dark gauge boson

N. Arkani-Hamad et al, PRD 79, 015014 (2009)

 DM hidden sector introduces a new U(1)

interaction or dark force carrier (e.g. dark-photon

Aʹ, U or γʹ).

ε = Kinetic mixing strength.

α = fine structure constant

B. Batell, et al, PRD79, 115008 (2009); 

R. Essig, et al, PRD80, 015003 (2009)

 Could explain the features of astrophysical

observations (such PAMELA, AMS etc.).

No anti-protons!

DL F F

 

αD = αε

 The dark U(1) symmetry could be

spontaneously broken, by a Higgs mechanism,

adding a dark Higgs boson (hʹ) to the theory.

PRD79, 115008 (2009)
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Dark gauge boson searches @ BESIII/KLOE

Phys. Rev. D 99, 012013 (2019)

Phys. Rev. D 99, 012006 (2019)

 BESIII

J/ψ→γʹη/ηʹ, γʹ→e+e-

 KLOE/KLOE-2

ϕ→γʹη, with η→π+π-π0/π0π0π0

PLB 706, 251 (2012) / PLB 720, 111 (2013)

(This talk)

Electromagnetic Dalitz decays

PLB 750, 633 (2015)

PLB 757, 356 (2016)

Phys. Lett. B 774, 252 (2017)e+e-→γISRγʹ, γʹ→l+l-

 BESIII

e+e- annihilation

 KLOE/KLOE-2

e+e-→γISRγʹ, γʹ→e+e-
PLB 736, 459 (2014) 

e+e-→γISRγʹ, γʹ→μ+μ-

e+e-→γISRγʹ, γʹ→π+π-

(This talk)

(This talk)

J/ψ→Uηʹ, U→γπ0 Preliminary

(This talk)

e+e-→γISRγʹ, γʹ→ μ+μ- /π+π-

https://physics.aps.org/articles/v7/115

PLB 784, 336 (2018)
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Dark photon search via J/ψ→γʹη(ʹ), γʹ→e+e-

Phys. Rev. D 99, 012013 (2019); Phys. Rev. D 99, 012006 (2019)

 First search for dark photon via electromagnetic Dalitz decays @

1.3 billion BESIII J/ψ data

 Search for a narrow structure in the 𝑚𝑒+𝑒− distribution of data

J/ψ→γʹη, γʹ→e+e-J/ψ→γʹηʹ, γʹ→e+e-
(Phys. Rev. D 99, 012006 (2019))

ηʹ→γπ+π-

ηʹ→ηπ+π-

[Phys. Rev. D 99, 012013 (2019)]

η→π+π-π0

η→γγ

Main-background: J/ψ→e+e-η(ʹ)
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Dark photon search via J/ψ→γʹη(ʹ), γʹ→e+e-

Phys. Rev. D 99, 012013 (2019); Phys. Rev. D 99, 012006 (2019)

 Combined results of 90% C.L. upper limits on BF and ε （ω and ϕ mass regions are excluded) 

< (1.8-20.0)×10-8
< (1.9-91.1)×10-8

ε < 3.4×10-3 – 2.6×10-3 ε < 10-3 – 10-2

ε
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Search for a dark gauge boson decaying to γπ0 via J/ψ→γπ0ηʹ

 Many models suggest that a dark gauge boson (Uʹ) could also couple predominantly to quark

 BESIII performs the search for Uʹ in the decay chain: J/ψ→Uʹηʹ, Uʹ→γπ0, π0→γγ using 1.3 B J/ψ data 

Phys. Rev. D 89, 114008 (2014), Phys. Lett. B 221, 80 (1979)

No evidence of Uʹ signal is found

Upper limit @ 90% C.L.

Preliminary
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Dark U boson search in e+e-→γπ+π-

PLB 757, 356 (2016)

• Results based on 1.93 fb-1

• Select two oppositely charged tracks (50° < 𝜃𝜇 < 165°)

• Use an untagged photon technique (𝜃𝛾 < 15°, 𝜃𝛾 > 165°)

• Estimated backgrounds from the sideband data.

• Good agreement between data and Monte Carlo in the ρ-ω

interference region

No evidence of 

U boson signal 

is found

Upper limit @ 90% C.L.
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Combined search: e+e-→γπ+π-/γ𝜇+𝜇-

 Search is based on whole KLOE data-set (1.93 fb-1)

 Analysis is similar to e+e-→γπ+π- (estimated the data from the sideband data)

PLB 784, 336 (2018)

Upper limit @ 90% C.L.
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Dark photon search via e+e-→γISRγʹ, γʹ→l+l-

Phys. Lett. B 774, 252 (2017)

Search for a narrow structure in 𝑚𝑙+𝑙− spectrum

Use an untagged photon method to perform this analysis 

via initial state radiation processes:

e+e-→γISRγʹ, γʹ→μ+μ- e+e-→γISRγʹ, γʹ→e+e-

Dominant QED backgrounds: 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝑙
+𝑙− (𝑙 = 𝑒, 𝜇)

Combined statistics, including 

systematic uncertainty
• No evidence of γʹ

production

• Set 90% C.L.

upper limits using

the TRolke method.
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Search for a dark Higgs boson hʹ via Higgs-strahlung

process e+e-→h'A'

Three main cases:

a. 𝑚ℎ′ < 𝑚𝐴′ where hʹ is long lived and 𝐴′ decays to lepton-pair or hadrons.

b. 𝑚𝐴′ < 𝑚ℎ′ < 2𝑚𝐴′ where hʹ →AʹA'* and A'* decays into leptons.

c. 𝑚ℎ′ > 2𝑚𝐴′ where hʹ →AʹA' 

KLOE [Phys. Lett. B 747, 365 (2015)]

BaBar [PRL 108, 211801 (2012)],

Belle [PRL 114, 211801 (2015)] 

(This talk)
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Search for dark Higgsstrahlung in e+e-→μ+μ- and missing 

energy

Cross-section:

• Characterize 

events by Mμμ

and Mmiss. Bin 

size such that 

signal is mostly 

contained in 1 

bin.

Phys. Lett. B 747, 365 (2015)

• KLOE analysis is for 𝑚ℎ′ < 𝑚𝐴′ , where ℎ′ is long lived

• Data: 1.65 fb-1 at the ϕ resonance; 0.21 fb-1 off-peak

• Look for 𝐴′ → 𝜇+𝜇−, with missing momentum vector 

pointing at calorimeter and no extra calorimeter cluster

Phys. Rev. D 79, 115008 (2009)
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Search for dark Higgsstrahlung in e+e-→μ+μ- and missing 

energy
• Use 5×5 bin method to predict background in each bin. Scale factor from MC.

• Limits on αDε2 range from 10-9 – 10-8. First limits for 𝑚ℎ′ < 𝑚𝐴′

Phys. Lett. B 747, 365 (2015)
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Search for invisible decays of light 

mesons in J/ψ→V(=ω,ϕ)P(=η(ʹ))

Phys. Rev. D 98, 032001 (2018) 

 BESIII

Invisible decays of ω and ϕ mesons 

Invisible decays of η and ηʹ mesons Phys. Rev. D 87, 012009 (2013) 

(This talk)
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 Quarkonium states (𝑞 𝑞) can annihilate into 𝜈  𝜈 via virtual 𝑍0 boson

𝐵 𝜔 → 𝜈  𝜈 = (2.79 ± 0.05) × 10−13

𝐵 𝜙 → 𝜈  𝜈 = (1.67 ± 0.02) × 10−11

 Branching fraction of invisible decays of

quarkoinum state might be enhanced in the

presence of light DM particles.

Invisible decays

Computed by assuming the same cross-section 

for the time reversed processes:

Phys. Rev. D 98, 113006 (2018) 



2019/11/12 LDMA'19 at Fondazione Querini Stampalia - Venezia 20

Invisible decays of ω and ϕ mesons in J/ψ→ηω/ϕ
Phys. Rev. D 98, 032001 (2018) 

 First search for J/ψ→ηω/ϕ, ω/ϕ→invisible using 1.3 billion J/ψ events

 Define recoiling mass against η: 𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝑉 = 𝐸𝐶𝑀 − 𝐸𝜋+𝜋−𝜋0 2 −  𝑝𝜋+𝜋−𝜋0

2

Only η→π+π-π0 decay mode is utilized for this measurement 

 Fit to 𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝑉 to extract the signal yields

 No any obvious signal is found. 
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Invisible decays of ω and ϕ mesons in J/ψ→ηω/ϕ
Phys. Rev. D 98, 032001 (2018) 

 Set the 90% C.L. upper limits on the branching fraction after including the systematic uncertainties.  

First experimental limits on the invisible decays of ω and ϕ mesons.

 Published in Phys. Rev. D 98, 032001 (2018)
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Search for di-muon decays of a 

light Higgs boson (A0)

Phys. Rev. D 93, 052005 (2016) 

 BESIII

𝐽/𝜓 → 𝛾𝐴0

𝜓(3686) → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝛾𝐴0
Phys. Rev. D 85, 092012 (2012) 

(This talk)
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An introduction to the light Higgs boson

 NMSSM contains a total of three CP-even, two CP-odd

and two charged Higgs bosons.

 Can be detectable via radiative decays of J/ψ and ϒ(1S)

A0 = cosθAAMSSM + sinθAAs

Singlet
Non-singlet

[PRD 76, 051105 (2007)]

 The lighter state of the A0 is defined as:

 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
 

[Phys. Rev. Lett. 39, 1304 (1977)]

 A light Higgs boson is predicted by many extensions of Standard Model, such as Next-to-Minimal

Supersymmetric Standard Model (NMSSM).

E. Fullana et. al,

Phys. Lett. B 653, 67 (2007)

Ratio of the VEVs of the up and 

down-types of Higgs doublets
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Effective Yukawa coupling

 The results are 5 times below than the previous BESIII

measurement [PRD 85, 092012 (2012)]

 The combined results of BaBar and BESIII reveal 

that the A0 is constrained to be mostly singlet in 

nature.

 Published in Phys. Rev. D 93, 052005 (2016).

Phys. Rev. D 93, 052005 (2016) 

Light Higgs boson search via J/ψ→𝛾A0, A0→μ+μ-

Upper limits @ 90% CL using 

Bayesian approach

Use 225 million J/ψ events

collected by BESIII experiment to

perform this study.

No evidence of A0 production is

found
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Summary
 Both BESIII and KLOE have a very rich programs for the new physics searches beyond the SM.

 Produces many results on the Dark matter searches:

 Exclude a large fraction of the parameter space of the new physics models beyond SM.

 Ongoing study at BESIII related to the dark-sector:

 Many more to come with recently collected 10 billion of the J/ψ data-set.

25

 Dark gauge boson searches:

 Searches for invisible decay of light mesons via J/ψ→VP at BESIII

 Search for a light CP-odd Higgs boson at BESIII

 Light Higgs boson search via J/ψ→𝛾A0, A0→invisible

http://bes3.ihep.ac.cn/doc/3313.html

Phys. Rev. D 99, 012013 (2019)

Phys. Rev. D 99, 012006 (2019)

BESIII

J/ψ→γʹη/ηʹ, γʹ→e+e-

J/ψ→Uηʹ, U→γπ0 Preliminary

Phys. Lett. B 774, 252 (2017)e+e-→γISRγʹ, γʹ→l+l-

KLOE/KLOE-2

ϕ→γʹη, with η→π+π-π0/π0π0π0

PLB 706, 251 (2012); 720, 111 (2013)

e+e-→γISRγʹ, γʹ→ μ+μ- /π+π-

PLB 736, 459 (2014); 750, 633 (2015); 757, 356 (2016); 784, 336 (2018)

e+e-→h'A' Phys. Lett. B 747, 365 (2015)]

Phys. Rev. D 87, 012009 (2013); 98, 032001 (2018)

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



2019/11/12 LDMA'19 at Fondazione Querini Stampalia - Venezia

Thank you!
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Back up Slide
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Calculation of ε in Dalitz decays J/ψ→η/ηʹe+e-



2019/11/12 LDMA'19 at Fondazione Querini Stampalia - Venezia 29

Event selection and calculation of ε in e+e-→γISRγʹ, γʹ→l+l-

Calculation of ε
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A0 can decays into DM (neutralinos) or SM particles, such as μ+μ-

Light Higgs boson search via J/ψ→𝛾A0, A0→μ+μ-

Phys. Rev. D 93, 052005 (2016) 

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



2019/11/12 LDMA'19 at Fondazione Querini Stampalia - Venezia 31

Light Higgs boson search via J/ψ→𝛾A0, A0→μ+μ-

 Perform the ML fit to the mred distribution at 2035 mass points in the steps of 1-2 MeV/c2.

Local significance 3.42σ

0 max( ) 2ln( / )sigsign N L L

Global significance 

= 0.64 σ

Phys. Rev. D 93, 052005 (2016) 
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Search for a dark gauge boson decaying to γπ0 via J/ψ→γπ0ηʹ
Preliminary

Extracted signal yield in the step of 10 MeV/c2
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Search for a dark gauge boson decaying to γπ0 via J/ψ→γπ0ηʹ
Preliminary

Set the upper limit using the Bayesian approach
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Search for a dark gauge boson decaying to γπ0 via J/ψ→γπ0ηʹ
Preliminary


