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Abstract: We present a search for the lepton flavor violating decay 𝐽/𝜓 → 𝑒𝜇 using 8.998 × 109 𝐽/𝜓 events collected with the BESIII detector at the BEPCII
𝑒+𝑒− storage ring. No excess of signal above background is observed; we therefore set an upper limit on the branching fraction of ℬ 𝐽/𝜓 → 𝑒𝜇 < 4.5 × 10−9

at the 90% confidence level. Improving the previous best result by a factor of more than 30, this measurement places the most stringent limit to date on
lepton flavor violation in the heavy quarkonium sector.

Motivation

Lepton flavor violating (LFV) decays are too small to be detectable in the Standard Model (SM).
However, for the LFV decays of charmonium 𝐽/𝜓, some new physics models can inspire the decay
rate up to a detectable level. In experiment, the best upper limits on the branching fractions of
𝐽/𝜓 → 𝑒𝜇 had been measured by BESIII Collaboration at 90% C. L. based on 225M 𝐽/𝜓, which is
ℬ(𝐽/𝜓 → 𝑒𝜇) < 1.6 × 10−7. In this work, we analyze about 9 billion 𝐽/𝜓 events, and the
upper limit on ℬ(𝐽/𝜓 → 𝑒𝜇) is expected to be improved by 1~2 orders of magnitude to the
level of 10−9.

Data Sample :
• 9 billions 𝐽/𝜓 events taken during 2009 to 2019 at 𝑠 = 3.097 GeV
• 𝑒+𝑒− collisions collected at 𝑠 = 3.773 GeV, 𝑠 = 3.510 GeV, 𝑠 = 3.080 GeV (to study the continuum

background)

Monte Carlo Sample :
• 9 billions 𝐽/𝜓 inclusive MC events (to study the backgrounds from 𝐽/𝜓 decays)
• 0.3 million 𝐽/𝜓 → 𝑒𝜇 exclusive MC events (to study the signal process)
• Several kinds of exclusive events including 𝐽/𝜓 → 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−, 𝐾+𝐾−, 𝑝 ҧ𝑝, and 𝑒+𝑒− → 𝑒+𝑒− 𝛾 , 𝜇+𝜇−(𝛾)
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Fig. 1. Distribution of 𝜒𝑑𝐸/𝑑𝑥
𝑒 and 𝐸/𝑝 from MC simulations.

Fig. 2. Distribution of the MUC depth (left) and 𝜒𝑀𝑈𝐶
2 (right) of different particle samples from MC simulations. 

Fig 3. Scatter plots of ∑ Ԧ𝑝 / 𝑠 versus 𝐸𝑣𝑖𝑠/ 𝑠 for the signal MC sample (left) and the 𝐽/𝜓 full data (right). 

Fig 4. Normalized likelihood distribution as a 
function of the assumed ℬ 𝐽/𝜓 → 𝑒𝜇 . 

BEPCII and BESIII

Beijing Electron-Positron Collider (BEPCII) is a double-ring 𝑒+𝑒− collider operated in the τ-
charm energy region. The BESIII detector at the BEPCII is an approximately cylindrically symmetric
detector with 93% coverage of the solid angle around the 𝑒+𝑒− interaction point.

Data Set

Each 𝐽/𝜓 candidate is reconstructed with two back-to-back good charged tracks, which will be 
further identified as electron and muon. The selection criteria are optimized according to the 
signal MC and inclusive MC.
Electron identification : 
• Not associated in the MUC
• −1.5 < 𝜒𝑑𝐸/𝑑𝑥

𝑒 < 1.5 (𝜒𝑑𝐸/𝑑𝑥
𝑒 is defined as the difference between measured and expected 𝑑E/𝑑𝑥 under the electron 

hypothesis normalized by the 𝑑E/𝑑𝑥 resolution)

• 𝐸/𝑝 > 0.96 (𝐸 is the deposite energy in the EMC and 𝑝 is the modulus of the momentum from the MDC)

Muon identification : 
• 0.1 < 𝐸 < 0.3 GeV, 𝜒𝑑𝐸/𝑑𝑥

𝑒 < −1.6

• The penetration depth of the track in the MUC > 40 cm
• Each candidate track must penetrate more than three layers in the MUC, and 𝜒𝑀𝑈𝐶

2 < 100

Event Selection

The signal region is defined with ∑𝒑 / 𝒔 ≤ 𝟎. 𝟎𝟐 and 𝟎. 𝟗𝟓 ≤ 𝑬𝒗𝒊𝒔/ 𝒔 ≤ 𝟏. 𝟎𝟒, where ∑ Ԧ𝑝
is the magnitude of the vector sum of the momenta and 𝐸𝑣𝑖𝑠 is the total reconstructed energy of 
𝑒 and 𝜇 in the event. As shown in the Fig 3.(a), most of the signal events fall into the signal region. 
By analyzing the full data, 29 candidate events are observed in the signal region for the 𝐽/𝜓 →
𝑒𝜇 decays.

¤ Main drift chamber (MDC): Δ𝑃/𝑃 = 0.5%
¤ Time-of-Flight system (TOF): 𝜎𝜏 = 60~68 ps
¤ Electron Calorimeter (EMC): Δ𝐸/𝐸 = 2.5%

¤ Muon chamber (MUC): 𝜎𝑧,𝜙 = 2 cm

¤ Superconductor (SC): 1.0 Tesla

Event Selection

Background Study

Systematic Uncertainty

We observe 29 candidate events in the signal
region, while 36.8 ± 4.0 background events are
expected. Hence, no excess is observed and an
upper limit on the branching fraction ℬ 𝐽/𝜓 → 𝑒𝜇
is estimated with the profile likelihood method. The
upper limit on the branching fraction is found to be

𝓑 𝑱/𝝍 → 𝒆𝝁 < 𝟒. 𝟓 × 𝟏𝟎−𝟗

at the 𝟗𝟎% 𝐂. 𝐋. by integrating the likelihood curve
in the physical region of ℬ ≥ 0.

Improving the previous best result by a factor of
more than 30, this measurement places the most
stringent limit to date on lepton flavor violation in
the heavy quarkonium sector.

There are two types of background events that contaminate the signal region.
The first kind of background results from 𝐽/𝜓 decaying into two charged particle tracks,

including 𝐽/𝜓 → 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−, 𝐾+𝐾−, 𝑝+𝑝−, etc. The dominant background contribution
hereby comes from 𝑒 − 𝜇 misidentification. The normalized background in the signal region
𝑁𝑏𝑘𝑔1
𝑛𝑜𝑟𝑚 is calculated as,

𝑵𝒃𝒌𝒈𝟏
𝒏𝒐𝒓𝒎 = 𝑵𝒃𝒌𝒈𝟏

𝑱/𝝍−𝑴𝑪
∙ 𝒇𝟏, 𝒇𝟏 =

𝑵𝑱/𝝍
𝒅𝒂𝒕𝒂

𝑵𝑱/𝝍
𝑴𝑪

• 𝑁𝑏𝑘𝑔1
𝐽/𝜓−𝑀𝐶

: the number of 𝐽/𝜓 background decays in the 𝐽/𝜓 inclusive and exclusive MC samples

• 𝑁𝐽/𝜓
𝑑𝑎𝑡𝑎 : the total number of 𝐽/𝜓 events in the data

• 𝑁𝐽/𝜓
𝑀𝐶 : the total number of equivalent 𝐽/𝜓 events in the 𝐽/𝜓 inclusive and exclusive MC samples

The normalized number in the signal region is estimated to be 𝑵𝒃𝒌𝒈𝟏
𝒏𝒐𝒓𝒎 = 𝟐𝟒. 𝟖 ± 𝟏. 𝟓.

The other type is continuum background from 𝑒+𝑒− annihilations into pairs of charged
particles, such as 𝑒+𝑒− → 𝑒+𝑒− 𝛾 , 𝜇+𝜇− 𝛾 . This type of background can be estimated using
control samples of the 𝑒+𝑒− collision data at surrounding energy points, such as 𝑠 =
3.773 GeV, 3.510 GeV, 3.080 GeV. By assuming a 1/𝑠 energy-dependence of the cross sections,

the normalized number of continuum backgrounds at the 𝐽/𝜓 peak, 𝑁𝑏𝑘𝑔2
𝑛𝑜𝑟𝑚,𝑘, can be obtained by

𝑵𝒃𝒌𝒈𝟐
𝒏𝒐𝒓𝒎,𝒌 = 𝑵𝒄𝒐𝒏𝒕

𝒌 × 𝒇𝟐
𝒌, 𝒇𝟐

𝒌 =
𝓛𝑱/𝝍

𝓛𝒌
×

𝒔𝒌
𝒔𝑱/𝝍

• 𝑁𝑐𝑜𝑛𝑡
𝑘 : the number of background events that have survived in the signal region at the energy with index 𝑘

• ℒ𝑘, ℒ𝐽/𝜓 : the integrated luminosities at energies 𝑘 and at the 𝐽/𝜓 peak

The normalized number is estimated to be 𝑵𝒃𝒌𝒈𝟐
𝒏𝒐𝒓𝒎 = 𝟏𝟐. 𝟎 ± 𝟑. 𝟕.
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