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% Physics motivation

-> Highlight results of cLFV at BESIII
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TAU2023 cLFV in J/y decays at BESII

© 2004: started BEPCII upgrade,
\ BESIII construction

Ny 2008: test run
/ ' 2009-now: BESIII physics run

4 ° 1989-2004 (BEPC):
' Lpeak = 1.0x1031 cm™2 - s71
e 2009-now (BEPCII):

Lpeak = 1.0x10%% cm™ - 571

Beam energy: 1.0-2.475 GeV
Optimum energy: 1.89 GeV
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BESIII detector

Superconducting solenoid Time Of Flight (TOF)
m 09~10T B 9 layers (barrel) + 8 layer (end-cap) | W 9¢ = 90 ps (barrel)

B o, = 65 ps (end cap)

\ |
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RPC: 9 : ‘
ayers ofers
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SC
Quadrupole
ot — —t— = === -
) S —
A, [ Main Drift Chamber (MDC)
B o, =130 um
B AE/E = 2.5% @ 1.0 GeV B AP/P =0.5% @ 1.0 GeV
B oy, =0.6cm@ 1.0 GeV B o4r/4x =6—7%
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Data samples at BESIII
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cLFV in J/y decays at BESIII

~ BESIII has collected the largest data samples of J/y
and y(3686) on the threshold in the world!

~ > 201fb~! data above 4.0 GeV in total

220 b~ w(3770) will be available in 2024
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New physics searches at BESIII

o C/ICP V|olat|on

\—/III

Symimetry violation

~ Dark photon //\ ™

j 3 VevV vave deca
~ Axion-like particle Bxotic pars ‘e p y

~ Light Higgs N Ew

~ SUSY particles ~ Charmonium weak decay

o PHYSICS ~ Flavor Changing Neutral Current
Other process™s._ _Strategies

< Invisible decay ~ Common statistic and standards

= Lepton Universality Violation ~ Sharing methods, tool and codes

9 ... — Uniform semi-blind strategy and datasets

» Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290
* New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics”
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(Neutrino Flavor Violation 1s observed !

~y

Neutrinoless muon decay

e
g Vi Ve
st e = 2|3 8 oo
321 ur-et M&V

i=2,3

PR T | 2 | LFV: forbidden in SM, signal of new physics BSM
S | | > Non-zero neutrino mass = cLFV is heavily suppressed

Supersymmetry Compositeness Leptoquark
M.~ =
rate ~ 1015 A, ~ 3000 TeV 3000 (A, ) TeVic? J/y cLFV models
L W e 0 o d
"y Jg Me' >< LQ
q . q qQ q d o e I/

Diagram via leptoquarks
Heavy Z'
Anomal. Z Coupling

M,. = 3000 TeV/c?

N 3 ;
H—® e & w [e} e
_ W , - .
p. e t t ‘Y.Z.Z
- q B q

q * q

Heavy Neutrinos Second Higgs Doublet

|U \Ugnl? ~ 8x10-13 g(H,.) ~ 10%g(H,,)

Diagram via a Z’ in TC2 models

Many models enhance LFV effects up to detectable level Phys. Rev. D 67, 114001 (2003)
Phys. Lett. B 496, 89 (2000)
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cLFV - experimental search

- Experimental searches in leptons (i, 7), pseudoscalar mesons (K, , B),

vector mesons (¢, J/W, Y), / and HO decays Eur. Phys. J. C 76, 434 (2016)
. B 3 Ehyls. FEahev. LBet;.919 042, (012918 88(;2 (2010)
o - UCI. S. ,
v BT —ey) <42x10 . @90%CL MEG Phys. Rov, D 90, 072010 (2014)
. — + - Phys. Rev. D 81, 057102 (2010
@ BT > eTy)<3.3x107°@90 % CL BABAR Ph;’:_ L:t‘t’ B 598, 172 (20(04) )
_ . Lett. B 801, 135148 (2020
» Bu—3e) <1.0x107@90%CL  SINDRUM Phye. Rev. D 103, 12007 (202
’:’ %(Z — eiﬂl) < 7.5 X 10—7 @90 % CL ATLAS - Sci. Chin. Mech. Astron. 66, 2 (2023)
o BH - e Tu™) < 62x107°@90%CL ATLAS g ''F Y= & Cosmicray muon
& 95’(¢ N e—,u+) <2x10° >@90 %CL SND_ 3 F " Accelerator muon ’ Z )
KX ] 0() C T T 10° il v i': = uN —eN
107 - ;ﬁ " x100 per
o ! J . % .. decade
o - 10° = "'hl. .\“\\\
] Th'S talk 10-11_ .V: .. -V W
> Prospect on future experiments e I S
< Mu2e & COMET: uN — eN - o
@ PSI, MUSIC
Improve current limit by a factor of 10* . vl Mu2e, COMET
: : 4 __Pontecorvo in 1947 Prolect X, PRIME
SearCh for NeW PhySICS Wlth maSS Scale up tO 10 TeV _l L1 1 ] | . I L1 11 I L1 11 [ L1 1 1 [ L1 11 I L1 1 1 | L1 1 1 I L1 1 ] L1

19
L 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Next goal: < 6 X 10~7@90 % CL Year

% MEGII & Mu3e: similar beam requirements
Intensity ©(10% muons/s), low momentum p = 28 MeV/c
MEGII aiming at sensitivity down to 6 X 10714 @90 % CL
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cLFV - J/y decays

-> Theoretical predictions in various extension SM

% Model-independent methods, rotating mass matrix, unparticle physics,
effective Lagrangian, BLMSSM Phys. Rev. D 63, 016003 (2000)

o By — eu): 1071~ 107°@90 % CL Phys. Rev. D 63, 016006 (2001)

Phys. Rev. D 83, 115015 (2011)

o By — e(u)r) : 10710 ~ 102 @90 % CL Mod. Phys. Lett. A 27, 1250172 (2012)

Phys. Rev. D 94, 074023 (2016)
Phys. Rev. D 97, 056027 (2018)

-> Previous experimental results:

Decay mode BESII UL (90% CL) BESIII UL (90% CL)

Number of ] /i 58x10° 225.3x10°
B(J /b — ey) < 1.1x107 < 1.6x1077
B(J /Y - e1) < 8.3x107° -
B(J /Y — ur) < 2.0x10°° -

Phys. Lett. B 561, 49 (2003)
Phys. Lett. B 598, 172 (2013)
Phys. Rev. D 87, 112007 (2013)
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TAU2023 cLFV in J/y decays at BESIII

J / W — €T Phys. Rev. D 103, 112007 (2021)

- Analyzing 10 billion J/y data at BESII|
< Data sample |: 1310.6 Million J/yin 2009 and 2012
< Data sample Il: 8774.0 Million J/y in 2018 and 2019

20__._'
- Decay topology: J/y — er, 7 — 7Z'JZ'OI/T g ‘5."" : § |
Fiminen
- Monochromatic electron = P, & M, ... § d: | MW‘ \W M“ MWIH“
0 _ @ 2: .95 |', (GeV/c1) ?5 1.1
e NG G . *gc )
Y
_ i T’_.@ %”' } ’ l
7 I . Decay Detected g St } ”]HH} H “HH
e UL SHH il |
Vs Missing - . (GeV/c) |

-
------
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Analysis method

=> Partial reconstruction

< Missingenergy £ ... = Ecys — £, — E_— E o
o U

>
miss

miss — € | miss |

-> 13 (69) candidate events are observed in data sample | (Il)

0w ——
L o— . - —e— data -
ggﬁground Data sample | - 15 | | background Data sample Il .
3 [ ---- signal MC sample h | ---- signal MC sample
| |
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Background study & signal efficiency

-> Continuum background (radiative Bhabha)
% Control sample: 150 pb~' 1/s = 3.08 GeV and 2.93 fb~! 1/s = 3.773 GeV

< Normalized by 1/s (uncertainty has been considered)
& N, =35.8£1.8(37.9 £ 11.5) for data sample I (I1)

> J/y decay background
% Inclusive MC + exclusive MC (J/y — nT2~ 7", px, wf,(1270), pnx™)
< The uncertainty in J/y decay modeling has been considered by LUNDCHARM
. Ng{jgf = 1.1 £0.8(25.7 £ 6.4) for data sample | (1)

%

Systematic uncertainties

Sources Sample 1 Sample 11
-> Signal efficiency Number of J/y 0.5% 0.4%
Quoted BF* 0.4% 0.4%
% (20.24 £0.05) % ((19.37 £ 0.02) % ) for data MC model 0.6%
Pion PID* 1.0% 1.0%
Sample | (”) Pion tracking* 1.0% 1.0%
. - g . Electron PID 0.4% 0.9%
% Systematic uncertainties are studies Electron tracking* 01% 01%
Photon detection* 1.0% 1.0%
n° reconstruction® 1.0% 1.0%
P, and M, ...,; requirements 3.0% 3.3%
E . requirement 1.0% 0.8%
Total uncertainty 3.9% 4.1%
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Upper limit result

-> Maximum likelihood estimator, extended from the profile-likelihood approach
< Parameter of interest B(J/yw — et) LBy — e*:7),0)

X/

» Nuisance parameters 0 = (€., Npkg)  =PNows: BU/w = €577) - Nyjyy - Bz e, - €ctr + Nie)

<
) G(eeff’ €eff» O, eff) G(N‘?))lig’kag’ Glc;)l((g)

> B(Jly — er) <75%x107°@90% CL

7/

% Improve the previous best limit by two orders of magnitude

R/

% comparable with the theoretical prediction

0 - - x1 0_6
0 0.05 0.1 0.15 0.2

B(J/y— et)
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THREE-BODY!
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cLFV in J/y decays at BESIII

JIyw — eu observed!
' Physics doesn't exist!@ @ =
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TAU2023 cLFV in J/y decays at BESII

> Analyzing (8.998 + 0.040) x 10° J/w events

-> Select two back-to-back oppositely charged tracks
% To reject cosmic rays, TOF timing difference < 1.0 ns
< Acollinearity angle |A8| = |180° - (0, +6,)| < 1.2°
< Acoplanarity angle |A¢| =[180°— |, + ¢, || < 1.5°
- Utilizing dE/dx, deposited energy and MUC hit informations

*
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Analysis method

> Signal region: |2[5|/\/§ <0.02and 095 < E,. /\/E <1.04

V1S
& | Zﬁl : The magnitude of the vector sum of the momenta

< L. The total reconstructed energy of ¢ and y

R/

% 85% of the signal events fall into the signal region
-> 29 candidate events

0.08 - Signal MC 008 °® oot Full data
- B o
L - ®
; - :
o 0.06|- Lo 0.06 .
\E i Y 3 s o
W - N i H
X~ 0.041 W 0.04
i | | i 0!?‘-‘ | |
0.021 | Signal region 002l ?ﬁ Signal region
. _— __-“-*_‘v(j . __ .. o oo
u i °%00®
0_. T . T R ol . . 1 ﬂ A B
0.8 0.9 1.0 1.1 1.2 0.8 0.9 1.0 1.1 1.2
Evis/‘/E Evis/‘,z
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Background study & signal efficiency

- Continuum background ( — eTe™(y), u " u™(y))

% Control sample: \/s = 3.773 GeV, 3.510 GeV, 3.080 GeV

< 1/s energy-dependence of cross section

- J/y decay background ( —» eTe , u u",nn, KTK~, pp)

7/

% Inclusive MC + exclusive MC

- Detection efficiency: (21.18 £ 0.13) %

7/

% Systematic uncertainties are studies

Source Relative uncertainty (%)
Tracking and PID 13
TOF timing 0.52
Photon veto 0.83
|A6| and |A¢| requirement 2.6
Total 14
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Upper limit result

-> Maximum likelihood estimator, extended from the profile-likelihood approach
< Parameter of interest B(J/y — eu) L(B, €30 Ny Nokat> Noxg2)

& Nuisance parameters 0 = (esig, N iy kagl, kagZ) = P(NovsINyjy - B - €ig + Nokgl + Nokg2)

MC __EFF J/y—MC
'Q(Gsig|€;\fgc, €Sigc O ) P(Nbgl |kag1/f1)

> By — en) <4.5%x107°@90 % CL | [Pl 7 GO ING SN

R/

“ Improve the previous limit by a factor of more than 30
% The most stringent limit on cLFV in heavy quarkonium systems

% Provides constraints on the parameter spaces of new physics models
Excluding the parameter space of BLMSSM model

Nsignal 10-7
0 5 10 15 20 25
L L L L L L
----- Br(¢—ep)
--- Br(Jjy—ep)
- — Br(Y-epu)
— Br(p—eu)
— Br(w—ep)

R 1000 2000 3000 4000 5000
i \ Su/GeV
L1 1 L1 1 L1 L1 x10_9 \ ", n
. : Sensitive parameters,
0 2 4 6 8 10 12 14 Branching Ratios

B(Jly— ) Diagonal elements in mj, my
Phys. Rev. D 97, 056027 (2018)
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Summary
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Summary

-> BESIII has great potentials with unique (and increasing) datasets and
analysis techniques, performed wide range study of new physics, with
many first searches or best limits.

-> The latest searching results for cLFV decays are reported.

> B(Jly — er) <7.5%x107°@90 % CL

> B(Jly — ep) < 4.5%x 1077 @90 % CL, currently the most stringent
limit on cLFV in heavy quarkonium sector

Thanks for Your attention!
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Backup
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BESIII physics data
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cLFV in J/y decays at BESII

10 billion J/y collected by BESII|
CPC 46, 074001 (2022)

Chinese Physics C

S a

N o
: H:' / puE NNy
s+ sttt 00 9 o g g

2' io .%' ; !(" 4 \ S, o

2023.12.08

25



TAU2023 cLFV in J/y decays at BESIII

Gr = SUB)c @ SUE)L QUMDY QUM QUL

In the BLMSSM, the local B and L are spontaneously broken at the TeV scale.
The superpotential of the BLMSSM is written as:

Weimssm = Wwussm + Wi + W + Wy

(m%)ii — (m%)ii = S&,

R
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