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Charged Lepton Flavor Violation (CLFV) is highly suppressed in the Standard Model (SM) by
the finite, but tiny neutrino masses. Its branching fraction is calculated to be extremely small in
the SM and so far no CLFV process has been found in experiments, including searches performed
in lepton (u, 7) decays, pseudo-scalar meson (K, m) decays, vector meson (¢, J /¥, Y) decays,
Higgs decays, etc. This talk presents the CLFV searches at the BESIII experiment. The process
J/¥ — et/eu is searched for using about 10 billion events collected by BESIII and the results

improve the previously published limits by about two orders of magnitude.

42nd International Conference on High Energy Physics (ICHEP2024)
18-24 July 2024
Prague, Czech Republic

*Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/


mailto:youzhy5@mail.sysu.edu.cn
https://pos.sissa.it/

Charged lepton flavor violation searches at BESIII Zhengyun You

1. Introduction

In the Standard Model (SM), the charged lepton flavor violation (CLFV) processes are strictly
forbidden. Event considering the minimum extension of the SM with tiny mass of neutrinos,
which have been confirmed by the neutrino oscillation experiments, the CLFV processes induced
by neutrino oscillations are still greatly suppressed to the levels that are undetectable by any current
experiment. On the contrary, it would be a clear signal of new physics beyond the SM [1, 2] if any
CLFV process is observed.

Several new physics models have predicted the possibility of CLFV theoretically, such as
the two Higgs doublet model with extra Yukawa couplings [3], a simple example of tree-level
off-diagonal Majorana couplings not suppressed by neutrino masses [4], Supersymmetry (SUSY),
including SUSY-based Grand Unified Theories (GUT) [5], SUSY with vector-like leptons [6],
SUSY with a right-handed neutrino [7, 8], and models with a Z' 9, 10].

From the experimental side, the CLFV processes have been searched for in various data sets,
including the decay of leptons (u, 7), pseudo-scalar mesons (K, &, B), vector mesons (¢, J /i, Y),
and the heavy particles Z or H°. Up to date, no CLFV processes have ever been observed. The
most stringent upper limit (UL) is set on the branching fraction (BF) of the u* — e*y decay, which
is B(u* — e*y) < 3.1 x 1073 at the 90% confidence level (C.L.) by the MEG II experiment [11].

In this paper, we introduce the search for CLFV processes using 10.087 x 10° J/ys events
collected with the BESIII detector [12]. In Sect. 2, we describe the BESIII detector and the data
samples used in this analysis. The searches for J/iy — et and J/¢¥ — eu will be introduced in
Sect. 3 and Sect. 4, respectively. Finally, a summary of CLFV search at BESIII will be presented
in Sect. 5.

(@) (b)
Figure 1: The Feynman diagrams of J /¢ CLFV decays predicted in leptoquark model (a) and Z’ model (b).

2. BESIII Detector and data samples

The BESIII detector [12] records symmetric e*e™ collisions provided by the BEPCII storage
ring [13] in the center-of-mass energy range from 1.84 to 4.95 GeV, with a peak luminosity of
1.1 x 1033 cm™2s~! achieved at v/s = 3.773 GeV. BESIII has collected large data samples in this
energy region [14—16]. The cylindrical core of the BESIII detector covers 93% of the full solid angle
and consists of a helium-based multilayer drift chamber (MDC), a time-of-flight system (TOF), and a
CsI(TI) electromagnetic calorimeter (EMC), which are all enclosed in a superconducting solenoidal
magnet providing a 1.0 T magnetic field. The magnetic field was 0.9 T in 2012, which affects 11%
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of the total J/y data. The solenoid is supported by an octagonal flux-return yoke with resistive
plate counter muon identification modules interleaved with steel. The charged-particle momentum
resolution at 1 GeV/c is 0.5%, and the dE /dx resolution is 6% for electrons from Bhabha scattering.
The EMC measures photon energies with a resolution of 2.5% (5%) at 1 GeV in the barrel (end
cap) region. The time resolution in the plastic scintillator TOF barrel region is 68 ps, while that
in the end cap region was 110 ps. The end cap TOF system was upgraded in 2015 using multigap
resistive plate chamber technology, providing a time resolution of 60 ps, which benefits 87% of the
data used in this analysis [17].

Monte Carlo (MC) simulated data samples produced with a GeanT4-based [ 18] software pack-
age, which includes the geometric description of the BESIII detector [19-22] and the detector
response, are used to determine detection efficiencies and to estimate backgrounds. The simu-
lation models the beam energy spread and initial state radiation (ISR) in the e*e™ annihilations
with the generator kkmc [23, 24]. All particle decays are modeled with EVTGEN [25, 26] using
BFs either taken from the Particle Data Group [27], when available, or otherwise estimated with
LUNDCHARM [28, 29]. Final state radiation (FSR) from charged final state particles is incorporated
using the pHOTOS package [30].

3. Searchfor J/y — et

The search for CLFV decay J/ — e*t™ with ¥ — n¥7% is performed with the full J/y
data. The number of J/y events collected at BESII is N;,,, = (10087 + 44) X 10°. Among them,
in 2009 and 2012, the total J /¢ number is (1310.6 + 7.0) x 10° and this data sample is denoted as
“data sample I”’. And the data sample collected in 2018 and 2019 is denoted as “data sample I1”.

In the final state particles from J /¢y — e~ 7™, the electron is monochromatic, so the momentum
of the electron P, and the recoiling mass against the electron M, recoil are required to be within
1.009 GeV/c < P, < 1.068 GeV/c and 1.742 GeV/c? < M, recon < 1.811 GeV/c2, respectively.

With the neutrino from 7 decay being the only undetectable particle, a variable Ulyjss, Which is
calculated by Upiss = Emiss — c|13>miss |, is used to define the signal region. Here, The missing energy
Enmiss 15 calculated by Enigs = Ecms — Ee — Ex — E 0, where Ecys is the center-of-mass energy of
the initial e*e™ system, while E,, E, and E o are the energles of the electron, charged p10n and
neutral pion in the rest frame of the e*e™ system. The variable Pmlbb =p Ty P P - P is the
missing momentum, where P are the corresponding momenta in the rest frame of the e"e™ system
of the particles indicated by the subscript. As the signal events peak near zero with one undetected
neutrino, the signal region is defined to be —0.081 GeV < Upjiss < 0.112 GeV. Figure 2 depicts
Uniss for the data samples I and II, respectively.

Since no significant signal is observed, a maximum likelihood estimator, extended from the
profile-likelihood approach, is used to determine the UL on the BF of J /iy — e*7*. The likelihood
function is treated as the probability function, and the UL on the J/yy — e*t™ at the 90% C.L.
is determined by integrating the likelihood distribution in the physical region of 8 > 0 based on
the Bayesian method. The combined likelihood distribution as a function of the BF from the data
samples is shown in Fig. 3. The resultant UL is B(J/y — e*17) < 7.5x 1078 at the 90% C.L. [31].
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Figure 2: (a) The Up;ss distribution of data sample I and corresponding background in search for J /¢ — et.
(b) Same as (a) except for data sample II and signal sample II [31].
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Figure 3: The combined likelihood distribution Figure 4: Normalized likelihood distribution as
as a function of the branching fraction of the data a function of the assumed B(J/¢y — eu). The
samples. The arrow points to the position of the red arrow points to the position of the UL at the
UL at the 90% C.L. for J /¢ — et [31]. 90% C.L. [32].

4. Search for J/y — eu

Each J/y¥ — eu signal candidate is reconstructed with two back-to-back oppositely charged
tracks. The charged tracks will be further identified as one electron and one muon. The following
cuts will be applied to select signals and remove background events, which include the polar angle
of charged tracks, the distances of closest approach to the interaction point of the track in the plane,
the TOF timing difference measured between the two charged tracks, the acollinearity angle and
the acoplanarity angle. Electrons and muons are identified based on the information of the MDC,
EMC, and MUC sub-detectors.

We use two variables |Zj|/+/s and Eyis/+/s to extract the signal yields, where |Xp| is the
magnitude of the vector sum of the momenta and Eyjs is the total reconstructed energy of e and u in
the event. The signal region is defined with |[Zp5]/+/s < 0.02 and 0.95 < Eyjs/v/s < 1.04 optimized
by maximizing the FOM. About 85% of the signal events fall into the signal region. The detection
efficiency for the signal process is determined to be (21.18 + 0.13)%.

There are two kinds of background events that could fake the signal events. One comes from
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J /W decaying into two charged particle tracks, with the major background contributions from e — u
misidentification in J /¢y — e*e™ and J /¥ — u*u~. The other kind is the continuum background
from e*e™ annihilations into pairs of charged particles, such as ete™ — e*e™ (y), utu~(y).

Based on the total 8.998x 10° J /i events (the 2012 data not used because of the MUC problem),
29 candidate signal events are observed in the signal region, while 36.8 +4.0 background events are
expected. No excess is observed and an upper limit on the branching fraction B(J /¢y — e*u¥) is
estimated with the profile likelihood method. Fig. 4 shows the likelihood distribution normalized to
the maximum likelihood value Lp.. The UL on the BF is set to be B(J /¢ — e*u¥) < 4.5x107°
at the 90% C.L. [32].

5. Summary

Using about 10 billion J/y events collected by BESIII, we search for the charmonium CLFV
processes J /¢ — et and J/y — ep. The ULs are set to be B(J/y — e*1¥) < 7.5x 1078 and
B(J /Yy — e*u™) < 4.5x 1072 at the 90% C.L., respectively. These results improve the previously
published limits by about two orders of magnitude.
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