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Abstract

Charged lepton flavor violation (CLFV) is forbidden in the Standard Model but predicted by many
new physics models. We present searches for CLFV in charmonium decays using world-leading
datasets collected by the BESIII detector. The processes J/¢ — eT, J/¢ — ep, and 1)(3686) — eu
are investigated using world-leading J/v and 1(3686) dataset collected by BESIIL. No significant
signals are observed, and upper limits on branching fractions are set at B(.J/1) — e7) < 7.5 x 1078,
B(J/¢ — ep) < 4.5 x 1072, and B(v(3686) — eu) < 1.4 x 10~8 at 90% confidence level. These
results provide constraints on Wilson coefficients in effective field theory and probe new physics at

high energy scales.

1 Introduction

In the Standard Model (SM), quarks change flavor through electroweak transitions, with rates governed
by the Cabibbo-Kobayashi-Maskawa matrix. Similarly, neutrinos oscillate between electron, muon,
and tau lepton flavors according to rates given by the Pontecorvo-Maki-Nakagawa-Sakata matrix [1],
a phenomenon beyond the SM. However, lepton flavor violation has not been observed in the charged
lepton sector. While non-zero neutrino masses and neutrino oscillations allow charged lepton flavor vi-
olation (CLFV) to occur through SM loops, the predicted branching fractions (BFs) are on the order
of ~ 107%4 [2], rendering these processes experimentally inaccessible. Therefore, any observation of
CLFV would constitute an unambiguous signal of new physics (NP) beyond the SM [3, 4, 5].

The BESIII detector [6] records symmetric e*e™ collisions provided by the BEPCII storage ring [7]
in the center-of-mass (c.m.) energy range from 1.84 to 4.95 GeV, with a peak luminosity of 1.1 x
1033 cm~2s7! achieved at /s = 3.773 GeV. BESIII has accumulated datasets with world-leading
statistics, including 10 billion .J/1 events and 2.7 billion ) (3686) events [8]. These extensive and
unique datasets provide an excellent opportunity to probe NP through highly sensitive searches for CLFV



decays. In this paper, we present searches for the CLFV decays J/v — et, J/{ — ep, and ¢(3686) —
e [9, 10, 11].

2 Charged lepton flavor violation decay measurements at BESIII

2.1 Search for CLFV decay J/i) — eT

The search for the CLFV decay .J/1) — e is based on (10.087 4 0.044) x 10° .J /1) events collected
in 2009, 2012, 2018, and 2019 at BESIIL. The J/1) events in 2009 and 2012 is denoted as “data sample
I”, while the data sample collected in 2018 and 2019 is denoted as ”data sample II”. The tau lepton in
the signal decay is reconstructed through the decay 7+ — 770, where the 7° is reconstructed via
70 — ~~. After applying all selection criteria, the detection efficiency for sample I (IT) is determined to
be (20.24 £+ 0.05)% ((19.37 £ 0.02)%).

The dominant background contaminations arise from continuum processes and hadronic J /1 decays
such as J/v — 7F7~ 7Y The continuum background is studied using a 150 pb~! data sample col-
lected at /s = 3.08 GeV and a 2.93 fb~! data sample collected at /s = 3.773 GeV. The continuum
background events are estimated to be 5.8 + 1.8 (37.9 &+ 11.5) for data sample I (II). The J/v decay
background is studied using inclusive Monte Carlo (MC) samples, where only a few events survive all
selection criteria. Main background processes from J /1 — 7 t7n= 70, J/¢p — pm, J/1p — wf2(1270),
and J /1 — pnmT are studied with exclusive MC samples. The normalized background events from J /1)
decays are estimated to be 1.1 £ 0.8 (25.7 £ 6.4) for data sample I (II). In total, 6.9 £ 1.9 (63.6 £ 13.2)
background events are expected for data sample I (II).

The systematic uncertainties mainly arise from uncertainties in the total number of .J /¢ decays, the
quoted intermediate BFs, the background estimation, and efficiencies associated with signal modeling,

0 reconstruction, and kine-

particle identification (PID), tracking of charged particles, photon detection, 7
matic variable requirements. The total systematic uncertainty for sample I (II) is determined to be 3.9%
(4.1%).

Since no significant signal is observed, a maximum likelihood estimator based on the profile-likelihood
approach [12] is used to determine the upper limit (UL) on the BF of J/¢p — e*
bined likelihood distribution as a function of the BF is shown in Figure 1 (Left). The resulting UL

is B(J/¢ — e*77) < 7.5 x 107® at 90% confidence level (C.L.).

7F. The com-

2.2 Search for CLFV decay J/¢ — epu

In the search for the CLFV decay J/v — e, (8.998 4+ 0.040) x 10% .J /v events collected in 2009,
2018, and 2019 at /s = 3.097 GeV are analyzed. Each J/1 signal candidate is reconstructed from
two back-to-back oppositely charged tracks, which are further identified as one electron and one muon.
The detection efficiency for the signal process is determined to be (21.18 + 0.13)%. Based on the total
8.998 x 10° .J /1) events, 29 candidate events are observed in the signal region. Two types of background
events contaminate the signal region. One arises from .J/1) decaying into two charged particle tracks,
including J/v — ete™, ptu~, ntx~, KTK~, pp, which is estimated to be 24.8 & 1.5 events. The
other type is continuum background from e*e™ annihilations into pairs of charged particles, which is
estimated to be 12.0 &= 3.7 events. In total, 36.8 & 4.0 background events are expected.

The systematic uncertainties of this analysis mainly arise from efficiency estimation, tracking and
PID of electrons and muons, the time-of-flight (TOF) timing difference, photon veto, and |Af| and |A¢|



requirements. The total systematic uncertainty is determined to be 14% by adding the uncertainties from
each source in quadrature.

In the signal region, 29 candidate events are observed, while 36.8 £ 4.0 background events are
expected. Hence, no excess is observed, and an upper limit on the branching fraction B(J/¢ — eu) is
determined using the profile likelihood method. The distribution of likelihood as a function of branching
fraction is shown in Figure 1 (Central). The UL on the BF is found to be B(.J /¢ — eu) < 4.5 x 1079
at 90% C.L. by integrating the likelihood curve in the physical region B > 0.
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Figure 1: (Left, Central, Right) Likelihood distribution as a function of the branching fraction of CLFV
decays J/v — eu, J/1 — eu, and 1)(3686) — eu, respectively. The arrow indicates the upper limit at
90% C.L.

2.3 Search for CLFV decay v(3686) — ey

For the search for the CLFV decay 1(3686) — ey, the analysis method is similar to that for J/v — ep.
It is based on (2.367 £ 0.011) x 10% (3686) events collected in 2009 and 2021 at \/s = 3.686 GeV.
The detection efficiency for the signal process is determined to be (24.18 £ 0.10)% using signal MC
samples. The systematic uncertainty is 11.4%.

Two types of background contaminate this analysis. One arises from (3686) decays into two
charged particles, including /(3686) — ete™, uTpu~, 77, 7t7n~, KT K~, and pp. By using the event
display tool, a selection highly suppressing the background is developed, which benefit this search [13,
14]. The other is continuum background from scattering processes. The number of background events
from 1 (3686) decays is estimated by analyzing inclusive and exclusive MC samples and is determined
to be 1.6 £0.4. The number of background events from continuum processes is estimated to be 4.6 +£1.4.
Eight candidate events are observed in the signal region, while 6.2+ 1.4 background events are expected.
The profile likelihood method is used to determine an upper limit on the BF B(v(3686) — e* 1 T). Fig-
ure 1 (Right) shows the distribution of the likelihood function. By integrating the likelihood function in
the physical region B > 0, the UL is determined to be B(1/(3686) — eTu¥) < 1.4 x 1078 at 90% C.L.

3 Constraints on Wilson coefficients of effective field theory

The Wilson coefficients |C';> /A2|, O /A2, |CF 12 /A2], |CFE? /A2, [C42 /A, and [CF4 /A2
in effective field theory can be constrained by the ULs on the BF of charmonium CLFV decays [15]. The

constraints on Wilson coefficients are listed in Table 1.



Table 1: The constraints on Wilson coefficients from the results of charmonium CLFV decays.

Wilson coef./GeV =2 (145 J/ ¥(25)
05132 /A2 eu 1.8x107* 7.3 x10°*
DL/DR et 5.0x 1077 _
Calile sp2 e 1.8x107% 6.0x 1076
VL/VE er 1.1x10°° —
0.80 2.7
qulfz A2 ey
TL/TR/ or 0.23 B

4 Summary

In summary, we have presented searches for charged lepton flavor violation in charmonium decays,
utilizing world-leading datasets collected by the BESIII experiment. ULs on the BF of CLFV decays are
determined to be B(J /v — er) < 7.5 x 1078, B(J /1 — ep) < 4.5 x 1072, and B(1)(3686) — eu) <
1.4 x 1078, all at 90% C.L. These results provide constraints on Wilson coefficients in effective field
theory and probe new physics at high energy scales. Further CLFV searches at BESIII are ongoing.
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