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€ Motivation

@ Introduction to some theoretical models

® Search for charged lepton flavor violating decay jlWy—ert
€ Search for charged lepton flavor violating decay JlWy—eu

¢ Summary
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(Neutrino Flavor Violation is observed !

@ Since LFV decay is forbidden in the SM, the observation of
any LFV decay would be a signal of new physics beyond SM.

@ In SM, Lepton Flavour is conserved for zero degenerate v
masses and now we have clear indication that vs have finite

mass. Supersymmetry Compositeness Leptoquark
MA=
rate ~ 10-15 A, ~ 3000 TeV 3000 (Md*; 12 TeV/c?

(chzn‘gcd Lepton Flavor Violation !? (cL[i\")]

Ty e 'y L d
>< a
d . e

Heavy Z'
Anomal. Z Coupling
2. -3 H,)~ 10“g(H
IUpNUONl BX10 g( po) 0 g( pp) MZ‘ = 3000 TeV/02

@ Models may enhance LFV
effects up to a detectable level,

such as leptoquark, Compositeness, Heavy Neutrinos Second Higgs Doublet

Supersymmetry, Heavy Z’ and

N : e : . .

. M @ e u o e
Anomalous boson Coupling model. 4 "? -
t t =

A q R q

L]
0
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@ In the charged lepton sector, LFV is heavily suppressed in
the Standard Model. )

BR _ 3a § Amfi m e
(u—ey)= 327 UpiUei 2 Vi Ve
w

i=2,3 Neutrinoless muon decay

@ Both experimental searches and upper-limit predictions, including u, T LFV decays,
. K LFV decavs and &. | /¥ two-body LFV decavs. etc.

J /W ]/

>

Leptoquarks can
couple to a
lepton-quark pair
and induce the
LFV two-body

decays of J /1.

Diagram via leptoquarks Diagram via a Z’ in TC2 models
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7’ model for CLFV

€ 7’ , a neutral vector boson with the same couplings to fermion-antifermion as the Z, but

with a larger mass. 7' — e — 4 coupling f Ff{; 2 4
. o ’
Q,u to e conversion I’ ®u ey £ 245%20% (1 —dsz, + 8sW)
O’M ’

V| 242
SaMz (1 _ 82 4 32 4)
- 24 52 C%V (1 3SW * 9 SW
3a 4 2 8 4)

GraPmiZ! |F,,|. M4

271' l_'captZ

; ) (1 22)12
-|@z+ M) ———sW +(Z+2N)| =5 + S5y

(r: the Fermi constant, «: the fine structure constant, my: the muon mass

Zesf, Fpinuclear parameters, Z: the atomic number, /V:the number of neutrons in the nucleus

S, : the sine of the weak mixing angle
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RPYV Sneutrino model

@ R-parity violating (RPV) SUSY allows terms that violate lepton number conservation and
terms that violate baryon number conservation

@ Assume the sneutrino resonance is a v, expected to be the lightest sneutrino in many

SUSY models and it makes the coupling indices specific.

1 — ~ - e — . .
Lerr = g (ViLfka i + CiLlirvie + Cpviptis — (i © ]))
—(ViLC_l'de i+ dirdivie + dipVirds

~ — - = ~ =C
—CirdirtiL — udeka,-L = dlthiRujL) + h.c.,

v:neutrino <:charged lepton u, d:up(down)-like quark tilde over a field indicates a superparticle field

Superscripts c denote Charge Conjugate fields| Process Product of Couplings | Limit on Couplings Product Experiment
superscripts * : complex conjugate fields dd — % — ey | |25, 1 12, A, i1, A1 0, < 2.1 x 107872 | 4 — e (Ti)
dd — % — et | |4, 401,145, 2, A3 ), A1 A0, | < LTx 10742 | 7> ep
dd — Vi — pt | |52, 1, [0 A3 |, [l | < 14X 10749 | 7 — un
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10 . i— S)
= I8
10 N ;7) zZ =
Fao " DAONE _0 BESIII has collected the largest data samples of /i & 1) (3686)
© [ VEPP-II =
s 10° — ADONE KEKB _ on threshold in the world, > 20 fb—-1above 4.0 GeV in total
o L PEP-IL : 1
e s . PETRA LEP "wi  y3770) 2.9 fb-t  P(4040) 0.5 b
1o TR LTI f e S {(4160) 3.2 fb?
7~_~~I~~ | | | | | | | | | | | I__I——I—--- | _l | | 2]
" S w(zs\\ | w(a415) 1.1 fb .
J/\|l 1.0X1010 6 | A Mark-I e l —
- Y Mark-I + LGW \ I h ]
B B Mark-II i 74415 _—
5 I e PLUTO i T ﬁ& oy e :
R\ % Crystal Ball | * | |%@ T 4
4 * TR ' .
P(3686) 3.0x10° — | 0 ‘LI, —h M‘ | {—
3 . r I I, d Il : -— ]
s :
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@ The cLFV decays of vector mesons VV — [;1; are also predicted in various of extension
models of SM:

B(J /1Y — ep) to 10716~10"°2 @ 90% C.L.
B(J /Y — e(u)T) to 1071~ 1078 @ 90% C.L.

@ Experimental results before:

Decay mode BESII UL BESIII UL
Number of J /Y 58x10° 225.3x10°
B(J /Y — eu) < 1.1x107° < 1.6x1077
B(J /Y — et) < 8.3x107° -

B(J /Y - ut) < 2.0x107° -
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search for charged Lepton flavor
violating decay J /Y — et

Search for charged lepton flavor violating decays at BESII|



® BOSS version: 7.0.5

e” e
- _ n
€ Based on 10 billion data set: 1310.6M collected @2009+2012 —
(sample I), 8774.01M collected @2017-2019 (sample II). 5
s = 3.097 GeV
Decay chain Generator Generated
I/ = wf(1270),w — 10y, f,(1270) —» x*x~ | PHSP, VSP_.PWAVE, TSS | 5.8M @ Inclusi los:
TG — 5, 1 — py PHSP 5.8M Inclusive samples:
JIy — n*n a0 OMEGA-DALITZ 29M 1
10 = o ST AR 5OKT 225 million @ 2009
Jxﬁ - nlete gggg ;981\1\/2 1000 million @ 2012
W — pnrt :
JIy — K*KOK* — K*1™) + c.c. HELAMP, VSS 11.6M 4600 million @ 2018
Generator and number of events list for exclusive MC samples of 2009 and 2012 4100 million @ 2019
Decay chain Generator Generated @® 1 million t inclusive events
Iy = wf(1270),w — 7', /,(1270) — n*x~ | PHSP, VSP_PWAVE, TSS 19M 1 ) d 1t inclusi
J/ — pr (include direct 77~ 7°) HELAMP, OMEGA-DALITZ | 190M with J/y — €T and 1 1cClusive
J/y — pnr* PHSP 38M decays to any decay channels

Generator and number of events list for exclusive MC samples of 2018 and 2019
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Event Selection

®//Y - er, T > anv

® Select one electron and one charged pion

#® At least two photon showers and one 7°

@ The final-state electron from the process J /Y — et is monochromatic, therefore the momentum of
the electron P, and the recoiling mass against the electron M, ¢c041

# One undetected neutrino with missing energy E i > 0.43GeV

il il M}M\M LS
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The relative efficiency for each event selection criterion for 2018 and 2019

Event selection criterion Relative (18+19)
Good charged track Ry, <lcm, R; <10 cm, |cosf| < 0.8 and Nepargea = 2 57.78%
Good photon E, > 25(50) MeV for |cos6| < 0.80 (0.86 < |cos6)| < 0.92), 73.93%
0 <r<14(x50ns)and N, < 2
PID Prob(e)>Prob(m, K, p) for electron 96.65%
Prob(m)>Prob(e, K, p) for pion 96.32%
n? cut 0.115GeV < M, < 0.150GeV, x7. <200 and Ny = 1 66.50%
Further PID for electron E/p>0.8 99.47%
Probfer)ibl(’i)ob(n) >0.95 95.32%
1.009GeV < P, < 1.068GeV 87.07%
1.742GeV < M, _;ecoii < 1.811GeV 97.18%
Episs > 0.43GeV 95.52%
-0.081GeV < Upiss < 0.112GeV 95.55%
Total Efficiency 19.37%

Jing-Shu Li
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Background study

® The dominant background contaminations stem from the continuum process (e.g.
radiative Bhabha) and from hadronic J /1 decays such as J/y - ntr !

QU iss = Enmiss — c|ﬁmi55 |, The areas between the arrows represent the signal region.

®Intotal, 6.9 + 1.9 (63.6 + 13.2) background events are expected for the data
sample I (II).

10

- —e—data

l I 1 --o-dalta I '
e 1310M /] [ Thedgons - 8776M /¢
S s | I —
(] < — ] A I -
‘E_ 6r ] E 10 - : .
E al . = :
g | I {2 4t :
e ) L
-0.2 0 0.2 0 0L2 . 02 !
U,.. (GeV) : :
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@ Determination of upper limit at 90%

confidence level (C.L.) with Bayesian method.

Combined result:

B(J /Y — e1)<7.5x1078 @ 90% C.L.

L/Lmax

@ The 1st submitted paper based on full 10
billion J /1 data of BESIII

| | | | | | . Jx10°®
@ This result improves the previous 00 0.05 0.1 0.15 0.2

published limits by two orders of magnitude and B(J/y— e1)

comparable with the theoretical predictions.
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search for charged Lepton flavor
violating decay J /Y — ep
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Jing-Shu Li

0 BOSS Version: 7.0.5

» Data: Full J/y
Y(3770)
Xc1(1P)

3.080GeV data
» Signal MC: J/Y — eu
» Exclusive MC

J/Y — ee

J/Y = pu

J/Y - nn

J/Y - KK

J/b - pp

» Continuum MC:
ee - ee(y)

ee = uu(y)
» Inclusive MC: Full J /Y

Data size 09+17-19 (109)

e e’
8998 |
293 b1
458.21 pb~1 Vs = 3.097 GeV
168.58 pb~1!
0.1+0.1+0.1 PHOTOS VLL
133.8+5239 PHOTOS VLL
133.6+5230 PHOTOS VLL
0.33+12.90 VSS
0.64+25.10 VSS
4.75+1860 J2BB1
81+526.1 Babayaga
0.3+1.9 Babayaga
230+8774

Evtgen & LundCharm
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Preliminary Selection

» Good charged track: > Good photon:

o V] < 1.0 cm; * Barrel (|cos8| < 0.80) E,,; > 25 MeV;

* |V;] <10.0 cm; Endcap (0.86 < |cosf| < 0.92) E,, > 50 MeV;
« |cosH| < 0.93; Gap (0.80 < [cosB| < 0.86) E, 3 > 50 MeV;
TDC time window [0, 700] ns;

Angle with nearest charged track > 20°;

Reject the events with Ny, > 0

. N9°°% =230 =0;

charge

* Two charged tracks AT < 1.0 ns

> Particle ID:

 m:prob(m) = 0 && prob(m) = prob(K);

e K:prob(K) = 0 && prob(K) = prob(m);

* p:prob(p) = 0 && prob(p) = prob(K) && prob(p) = prob(m)

e ":‘::::-‘.'.'.'.'.:::zv
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Event Selection

@ Each /Y candidate is reconstructed with two back-to-back good charged tracks, which will be further

1dentified as electron and muon.

: 140 X10°
. o o . 12000 — [electron F 7 Delect
Electron identification : : j s 120 - fimuon
* Not associated in the MUC 00 4 Spen
e . . S 80
* —1.5 < Xgr/ax < 1.5 (Xag/ax is defined as the Z g
difference between measured and expected dE/dx 3z Z a0
under the electron hypothesis normalized by the 200
dE/dx resolution) ; ok T A |
* E/p > 0.96 (E is the deposite energy in the EMC ) 0 02 04 g/g 08 i A2
and p is the modulus of the momentum from the 20000 B electron 10°
MDC) _ o Zimuen wl G
. . g . £15000 | [ pion \pi
Muon identification : s = 0| e
) 3 aon

=
[$)

* 01<E<O0.3GeV, )(fiE/dx < -1.6
* The penetration depth of the track in the MUC

Events/(1.0)
sk ek

10 : ,‘ ,
> 40 cm d I ' ! iw
:-i Jald \ SN 2| skt et 1L 1 1 AT AR
* Each candidate track must penetrate more % 10 20 30 40 50 60 | //U/ 150 200
than three layers in the MUC, and yzyc < 100 Heptit(cm) Xarue
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0.1
0.08 _ Signal MC
= 0.06 -
T
20.04 -
0.02 -
0'. sl by v cony T—
0.8 0.9 1.1 1.2
E,/ s
0.1¢
0.08 S_ . g. .. Full data
20.06 - g =
T ~’3"
B ®
0.02 E—

[ *(°.S.°°
0"....1...'...1....
0.8 0.9 1 1.1 1.2

E./ s

Selection and Background study

@ The signal region is defined with |Yp|//s <
0.02and 0.95 < E,;;//5 < 1.04

@ > p| : the magnitude of the vector sum of the momenta

® E,;, : the total reconstructed energy of e and u in the
event

® //y MC events > |/ decay background (Npkg1)

@ (3770), x.1(1P) and 3.080GeV data »>
Continuum background (Npyg42)

® The normalized is estimated to be N},‘,‘QZ’{‘ =

24.8+1.5 and Njpi = 12.0 + 3.7.

@ By analyzing the full data, 29 candidate events
are observed

Jing-Shu Li
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Systematic uncertainty

Sources Agys [%]
Tracking and PID 13
TOF timing 0.52
Photon veto 0.83
|AG| and [A¢| 2.6
Total 14

@ Control samples J/y(ete™) —» eTe” and J/YP — utu~ are used to estimate
the systematic uncertainties of tracking and PID of electron and muon, TOF
timing, y veto, and |A8| and |A¢| requirement.

® They are added in quadrature to the total efficiency-related systematic
uncertainty of 14%.

Jing-Shu Li Search for charged lepton flavor violating decays at BESII|



Upper limit

L= P(NopsINysy * B - €ig + Npiegr + Npigz) * G(Esiglesig €ig * Osig

sig ig
J/W-MC 15 k |{j . . data data
'P(Ninc |kag1 'fl 'HRP(Nconthbkgz fz) G(N]/tplN]/tp ,5N]/¢
= N¥ .- Continuum background at different ener oints
Parameter Value cont d 9y b
N 29 N signal s’swig: Detection efficiency
data j§ 9
NJ{;pt s 09 - N | S, - S .2.5. — N]i,/,:f:]/l/) decay background
SNGata 0.040 x 10 1 2
MC 21% i N,ps: Observed events
esig g Y - MC : :
oEFF 14% 0.8 - o.i.. Relative systematics
sig . - stg y
N];’k/g‘ﬁ‘MC 275 Sock ]
Noshi® 10 e ]
N(?O?l%o ]. A roteteteletetetedel =
0.4 e ~ —9

NP 0 S | ®B(U/Y - ep)<4.5x10
Fi 0.09090 0.2 B33 N ]

3.773 1.3416 1 . . @ 90% C.L.

3.510 7.4390 0 LSRN h.- x10

3.080 15.553 0 2 4 6 8 10 12 14

B(J/y—eu)
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B(J /Y — en)<4.5x107° @ 90% C.L.

10_7i' L 1 LS S J . I I 1 I
10_95 \\\\~\\
e Br(¢-ep)
i - -- Br(J/y—epu)
- — Br(Y-eu)
— Br(p—ep)
107 F
— Br(w—ep)
T e S R R
X 1000 2000 3000 4000 5000
* Sy/GeV
Branching Ratios = < Sensitive parameters,

Diagonal elements in m;, mp

@ Excluding the parameter space of some
models, such as BLMSSM model, a
supersymmetric model where baryon (B)
and lepton (L) numbers are local gauge

symmetries.

@ Improves the previous published limits
by a factor of more than 30 and comparable

with the theoretical predictions

@ The most precise result of CLFV search in

heavy quarkonium systems
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€ Some new physics models can inspire the CLFV decay rate up to a

detectable level.
@ The latest searching results for CLFV decays on / /1 are reported.
@®The ULissettobe B(J/Y — er) < 7.5x1078 @ 90% CL.

@®The UL issettobe B(J/Y — eu) < 4.5x107° @ 90% CL, which is the

most stringent result up to now.
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Thank you
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Back up Leptoquark model

Lagrangian: clpowak=z(\4p, + NaP ) u® ,+ (VAP + NAPR) 7D,

PRD.67,114001

116

(Dl:[)\I('jl)QLjeRi—i_ XE})I/_[RjLLi](I)l , J/e

(I)3 [)\(3)QLJLL1+ )\11 uR]eRz](I)3

F(J/¢—>/,L7')——f | M|2dQ 5
32m Moy Br(J/ — 1) = . m>M> 1+2M”‘”
MmT —29 > JIy
2 2 ’) o’ m,
il s [ o
967 Mj/w mz_ ( mi )2 |)\C/,L)\CT|2+)\C/.L)\C7']2
x| 1—
b, ( m2 )2 INSEAST|2+ [ NSNS M3, My
ik x| 1- , -
- = M2, M XBr(J/—eTe™).
/ \
c C 6m 87
+ - el 4
= NEENET)2 4+ NSNS I'(J/p—eTe )= B
] Mg
INSEAST 2+ NN
Br(7—uy)=
2°72Gy Mg,
B(J/¢P - en) < 3.5x1071° XBr(7—puv,v,),
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Jhpseu angle

CLFV in SM > |A¢| — |180o — |¢1 — ¢2||
X
Gém; a 1.27Am?
F(u - ey) = = (—) sin?20sin? (
19253 2T Mg,
u—decay y—vertex 9 — oscillation
__ GEmj, (B_a) (Am%_3513c13523)2
~ 19273 32m M2,

with A~1073eV2, My, ~0(10* eV ~ 0(1075%)

Jing-Shu Li Search for charged lepton flavor violating decays at BESII|



Backup Jhp—eu cut flow

Cut flow Efficiency 2009 (%) Efficiency 2017-2019 (%)
Generated(lOOOOO 200000) 100 100
Ncharged =20=0 88.00 87.27
ATOF < 1.0ns 86.45 85.67
E/P > (.5 for electron, E/P < 0.5 for muon 83.31 82.60
yB <0.025 GeV, E,; < 0.050 GeV, E, ¢ < 0.050 GeV 76.00 74.47
N;.. =0 for electron in MUC 1333 7115
E/P > 0.96 for electron 60.34 59.09
I g£/axl < 1.5 for electron 3587 333
0.1 GeV < Egepositea < 0.3 GeV for muon 54.35 52,39
0 < x3ue < 100 for muon 32533 40.33
d, > 40cm for muon 27.38 30.06
X 1dx < —1.6 for muon 26.04 28.42
A < 1.2°,|A¢| < 1.5° 24.21 24.96
25/ Vs <0.02, 0.95 < E,is/ Vs < 1.04 20.67 21.20

> Xag/ax: difference between the measured and expected Yqeqx for the electron hypothesis.

>d,. penetration depth in MUC NumlLayers: penetration Iayers MaxHitsInLayer: Max hits in one layer
> Signal efficiency: Sug D eS,gx —=(21.18+0.13)%
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Jing-Shu Li

Backup JIy—eu background

® //Y MC events = ] /{ decay background (Npjg1)
® Y (3770), x.1(1P) and 3.080GeV data = Continuum background (Nbkg2)

Size 09+17-19 (M)

Survived

Scale factor

Normalized

J/Y - ete” 133.8+5239

J/W - utu 133.6+5230

Exclusive MC J/W -t~ 0.33+12.90

J/p - KYK- 0.64+25.10

J/IY = pTp” 4.75+1860

Inclusive MC J/¥ — anything 230+8774
ete” s ete (y) 81+274.8+251.3

Continuum MC ete™ - uwtu=(y) 03+1.0+009

¥(3770) data > 09 2.93 fb~1

DElE Xo1(1P) data > 1819 458.21 pb*

3.080GeV data 224.04 + 877.52

0+58
1+174
0+27
0+0
0+0
0+6+9=15
0
0+0+0
10
1
0

1/10.0
1/10.0
1/10.0
1/10.0
1/10.0
8.2
9.0
9.0
1.3416
7.4390
15.5533

5.80+0.76
17.40 +1.32
2.70 £ 0.52
0
0
1.83 £ 0.47
0
0
13.42 1+ 4.24
7.44 +7.44
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JhYy—eu background

@ The normalized background in the signal region Np ;1" is calculated as,
J/Y—MC N;I/C:Ifa
Nbkgt = Npkg1  f1. f1= NHC
I/
e N/¥YMC . the number of J /Y background decays in the J /1 inclusive and exclusive MC samples

bkgi
. N]‘}?pm : the total number of / /i events in the data
. N]%CJ : the total number of equivalent J /Y events in the J /Y inclusive and exclusive MC samples
The normalized number in the signal region is estimated to be Ny 1" = 24.8 + 1.5.

€ By assuming a 1/s energy-dependence of the cross sections, the normalized number of continuum

backgrounds at the J /1y peak, N;‘,fggl'k, can be obtained by
L S
k I/ k
VI = Mt 5= T

NE . :the number of background events survived in the signal region at the energy with index k

* Ly, Ly :the integrated luminosities at energies k and at the / /i peak
The normalized number is estimated to be Np.5' = 12.0 + 3.7.
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Back up BLMSSM

G =SUB)c @) SUR)LQUA)y RQU1)sRU1)L

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

Wermssm = Wwumssm + Wp + W + Wy

(m%)ii — (mlzfg)ii = S5,

Jing-Shu Li Search for charged lepton flavor violating decays at BESII|



