
Probing light milli-charged 
particles at the BESIII

Yu   Zhang （张宇）

Nanjing University 

collaboration with Zuowei Liu, ArXiv:1712.XXXXX

3rd CLHCP, Nanjing
2017-12-23 



• Introduction

•Phenomenology at BESIII detector

•Summary

Outline



Introduction



About 1910 Robert Millikan and 
Harvey Fletcher “oil drop” experiment 
elucidated the magnitude of the 
electron charge e. And by the early 
1920s there was consensus that e was 
the smallest electric charge. 

The puzzle of electric charge

This was not challenged until the 
1960s when physicists adopted the 
view of quarks as real elementary 
particles.  e/3 or 2e/3

Any other charges 
such as 1.001e,
0.005e, πe ?



Milli-charge

• 𝜺𝒆: 𝜺 is any real number

• 𝜺 < 𝟏 milli-charged particle (MCP)

• Dark matter candidate?

SM DSMediate



Status on searches for milli-charged particles

Indirect 
observations

Astrophysics Cooling and energy loss 
bounds from stars and SN

Cosmology BBN, CMB

Direct 
experiments

Laboratory

Invisible decay of 

ortho-positronium

Lamb shift

Accelerators: SLAC MiiQ, 
E613, ASP, LEP, LHC



Existing Constraints

1511.01122

1410.6816



Phenomenology at BESIII detector



BEPCII: high luminosity double-ring collider

From H. L. Ma’s slide



BESIII detector

From H. L. Ma’s slide



Lagrangian

𝚫𝓛~ − 𝜺𝒆 𝝌𝜸𝝁𝑨𝝁𝝌

𝝌 is a massive Dirac fermion



Phenomenology at BESIII detector
Mono-photon signature



Event simulation

Lagrangian

Feynrules

Madgraph5_aMC@NLO+Pythia8

Delphes3

Energy resolution: 
𝟐.𝟑%

𝑬/𝐆𝐞𝐕
 𝟏% from 20 MeV to 2 GeV for BESIII

𝑬𝜸 > 𝟐𝟓𝐌𝐞𝐕 in the EMC barrel (| 𝐜𝐨𝐬 𝜽𝜸| < 𝟎. 𝟖 ) or
𝑬𝜸 > 𝟓𝟎𝐌𝐞𝐕 in the EMC end-caps (𝟎. 𝟖𝟔 < | 𝒄𝒐𝒔𝜽𝜸| < 𝟎. 𝟗𝟐 ) 



Cross section and 2σ lower limit of 𝜀 as a 
function of 𝑠 with 1 fb-1 luminosity



Data samples were collected by BESIII

http://bes3.ihep.ac.cn/datasets/datasets.htm



Combine results of different 𝑠

Test Statistic (TS)

𝜺𝟗𝟓 corresponding 
to 95% upper limit



Combine results of different 𝑠



Combine results of different 𝑠



Something worthy of note

C-parity violate



Summary



• We propose a search for milli-charged particles via 
mono-photon signature at BESIII detector at BEPCII in a 
simplified extended model.

• We present the cross section of signal and background 
and 2σ lower limit of 𝜀 as a function of 𝒔 with 1 fb-1

luminosity.

• Using the collected data luminosity at BESIII, we present 
the constrains on the charge of milli-charged particle for 
𝟕. 𝟖 × 𝟏𝟎−𝟒𝒆~𝟑. 𝟎 × 𝟏𝟎−𝟑𝒆 over the its mass range of 0.1 
GeV ∼ 2 GeV, which can be by up to two orders of 
magnitude over previous direct experiments.

Summary




