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Motivation

Within the standard model (SM), the coupling strength between - ssivee (eiere 17 ot
the families of leptons and gauge bosons are equal, knownas ... € . H | T
the lepton flavor universality (LFU). electron muon tau
Further, the lepton number is conserved within a family for an ™= Ny~ -
absolutely massless left-handed neutrinos; W — £y, Z — L0, e Ve Dn |, Dx
or v — £¢" are not allowed. Resing | | neurino | | netiino

The branching fraction of the lepton flavor violating (LFV) u — ey decay

3a m? — m?
B(u— ey) = —— UiUg—i—L | < 107
327 Z m Mz,
Various physics models such as supersymmetry, two-Higgs doublet, fourth generation of quarks
and leptons, etc., predict the BF of LFV decay modes, which can be observed in the high

luminosity modern experiments. Any observation of such decay is a direct evidence for the new
physics.
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Search for the LFV at the eTe™ collider experiments

Belle Il Detector The BABAR Experiment ‘ The BESIII Detector ‘

Belle Detector

SC magnet

e Co i

Aerogel Cherenkov crt.
oo il ] 10, oo K, dtection

Raskaive Plate Counter (hamel Electromagnetic Calorimeter Instrumented Flux Return
S s s Magnet
D soncon

yoke

EM Calormeter:
G, wavelorm samokng 8
Pure o+ vaveforn:

MDC

Csl calorimeter

® The ete™ colliders at Belle, Belle Il, BABAR, and BESIII experiments produce the T(nS) and
¥ (nS) resonances, 7 and p leptons, B and D mesons in a large abundance by tuning the center

of mass (CM) energy.
® T(nS) — (¢~ & J/1p — £¢'~ (including the radiative decays).
o 7T sl vy, e e e, e e, e puut, pmpmut, £~ h (hadrons), etc.
® D — X{*0'F and B — X{*('F,
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LFV ete™ — 00 decays



T(2S) — (=77 at Belle

) o L0 J—y
= s 7~ (b) p-nr 1
— - = o) 6 Y(2S)->inclusive
® 77 is reconstructed from e~ v, O 6, S
u- vy, and 7o, 2 g H ! den
= = 3
® The signal region is defined based £ 2 2 H I
. ) o 1 {
on the momentum of primary g o it ot o ; 1 ﬂ[ | ‘h_ﬂ .
45 46 47 4.? 49 5 51 52 53 45 46 47 4.'8 4. 5 51 52 5383

lepton in the eTe™ system.

P, (GeV/c) P, (GeV/c)
® Most stringent limit to date . o
improving the previous bound on % Bp Een ]l i % 27 @ e -
B(T(2S) — p*7F) and o ° e G ‘ Do
B(T(2S) — e*77) by a factor of 3 °| S df | 0| e
13 and 3, respectively. % :? % 21* ‘ ‘.“ /J }% | }
[3TXiV32309-02739] ﬁ %jSi 26 4’7 4.? 4.9LL 5 51 52 53 U>J 4Eﬁ;é%gj4l 4‘.9111\5 5‘.1 5‘.2 5.3
P, (GeVric) P, (GeV/c)
Modes cag (%) | NZ% | Naws | B@90% CL

T(29) = p¥r* | 11.0+£08 [ 36+£1.2| 3 | <0.26x10°°
Y(2S) —e¥rt | 73+£09 [46+21| 9 |[<1.02x107°
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https://doi.org/10.48550/arXiv.2309.02739

Events/ (2 MeV/c?)

T(1S) — 40" at Belle

® A data sample consisting of 158 x 108 T(2S) decay is analyzed to search for the LF violating
T(1S) — ¢ decays [JHEP 05 (2022) 095].

® Only the events from T(2S) — 77~ T(1S) are selected.

Signal Extraction : M:re7$2“ = \/(E$ = E,,tﬂ—g)2 = |ﬁ;kr7ré|2 & AM = Mo — My

T(1S) — T(1S) —
(19) = ep (19) = er T(1S) = pr
7E 50?1
E F 19
65 “"Q\ 40 —
5E S b 1 ©
£l ° F S
4 G 30 df P W 3
o ‘ B 20 N3TiT818 25504 35
c L =
1 : Ll S &
OE- T @ " ! &
o ot
B0 520 540 560 580 600 620 7 2 3 !
A M (MeV/c?) MEel (GeV/c?)
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https://doi.org/10.1007/JHEP05(2022)095

Related results from Belle, BABAR, and BESIII Collaboration

Collaboration \

Data Sample

|

Decay mode

[ UL at 90%CL |

References

Belle

BABAR
BESIII

158x 106 T(25)

118x10° T(3S)
9x10° J/v
10 x10° J/v

B(T(1S) — eTuT)
B(T(1S) — u*r¥)
B(T(1S) — e*77)
B(T(1S) — yeTuT)
B(T(1S) = yu*rT)
B(T(1S) — ye*rT)
B(T(3S) — e*uT)
B(J/¢ — e*uT)
B(J/¢ — e*7rT)

3.9 x 1077
2.7 x 107°
2.7 x107°
4.2 x 107
6.1 x 107°
6.5 x 107°
3.6 x 1077
4.5 % 1079
7.5 x 1079

JHEP 05 (2022) 095

PRL 128, 091804
arXiv:2206.13956v2[1]
PRD 103, 112007

® |n the supersymmetric extension of SM (BLMSSM model), the branching fractions are expected
to be of the order of 10710 — 10~ [prD 07, 056027].

® These results can provide constraints on the new physics models based on supersymmetry, GUT,

two Higgs doublet model, etc., in the references of [1].
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https://doi.org/10.1007/JHEP05(2022)095
https://doi.org/10.1103/PhysRevLett.128.091804
https://doi.org/10.48550/arXiv.2206.13956
https://doi.org/10.1103/PhysRevD.103.112007
https://doi.org/10.1103/PhysRevD.97.056027

LFV in the T decay



Search for the 75 — (*V/° decay at Belle and Belle ||

The leptoquark model accomodating the anomalies in leptonic B decays predict the branching
fraction of the order of O(1071) — O(1078) [prD 104, 055017], JHEP 08, 050].

A signal 7% is reconstructed from the ¢* and V° daughters, whfoere .
Voelp(p—ntn), ¢ (0= KTK™), w(w—rrn 0, K* (K* - Ktr7)].

No tagging of the other 7 in the Belle Il analysis [2305.04759].

Backgrounds from 777~ generic decay, low multiplicity (four
leptons in the final state) events, and ete™ — ¢g (continuum)
are studied using the MC simulated and side band data.

[ Signal Extraction: M, and AE = E* — /s/2 ]

c.m. frame
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https://doi.org/10.1103/PhysRevD.104.055017
https://doi.org/10.1007/JHEP08(2021)050
 https://doi.org/10.48550/arXiv.2305.04759

AE; [GeV]

AE (GeV)

3 R ——
F Belle Il o Dus —
BE T — ed
0.5F
02F .
0.0 L r : |
. .
0.2 ~ .
0. .
0.8F L L L o
1.6 1 1.8 1.9 20
M, [GeV/c?]
04l © Toue Belle
Data
0.2
0.0
-0.2 " ..
.' ) :n" 1] N :"
.. se o~
B A IR
Dees o st Vot
1.65 1.70 1.75 1.80 1.85 1.90

M, (GeV/c?)

AE; [GeV)

Results on LFV 7% — /= V9 decay

oo} o T Ta o toed Belle
Belle Il 0.4 Data
oAb T — pe 02 :
0.2F . . %
. 9 o0
00, " - 1—1 * "'45' e
P -02 N :
—02F : g
. Zoak s 3 Ui
04 PPN D T4
S — — e - 1.65 170 175 1.80 1.85 1.90
1.675 1.700 1.725 1.750 1.775 1.800 152;3};[&((];“::\/!(;] MEQ (GeV/CZ)
Coll. Data ‘ BF ‘ UL (90%CL) References
B(T — pé) 23 x 1078
Bell b1 JHEP 06 (2023) 118[2
elle | 980 B(r — e¢) | 2.0x 108 (202%) 11512
B(r — p¢) | 9.7 x 1078
Belle Il | 190 fb~1 2305.04759
ee %0 B(r —ed) | 23x10°8

® The Belle collaboration set an upper limit on the 7 — £V°(p,
¢, w, K*, K*°) decays in the range of (1.7 — 4.3) x 1078 at
90% CL [2].
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https://doi.org/10.1007/JHEP06(2023)118
 https://doi.org/10.48550/arXiv.2305.04759

Search for the LFV invisible decay of 7 at Belle Il: 75 — (*«

e Studying the LFV 7% — (*« decay is a good hunt for the HOOL Belled il ot e

m. c?

N Total uncertainty
. . . . . 12000f JLt=62810" & T evy
axion like particles, where « is a spin-0 boson. - Fo oer
+ 10000 1—ea, M_=1.6 GeVic®
- o= p— 2 K N — toea M, =1.2GeVic’
L4 Ttag - T — hTh™h UV, decays. 2 8000 r % e e M -0 oVt
S 6000 Y
g 2 2E; @ 4000 *
Signal Extraction: x, = %

2000

057 04 06 08 1 12 14 16 18

o M for a range of m, € (0.0 — 1.6) GeV/c? are: X,

B(r——{~Duv,

3 aooof Belle N B To urceraity
— Ldt- 62810" | S Jig
Coll. Data / UL (107%) References 12000 I A\ omer
at 95%CL = P N —— toua M, = 1.6GeVie
g 10000 - .'-\. o, M, = 1.2 GeV/c
0.7—-12.2 5 8000 3 L o M, =0 Gev?
Belle Il | 62.8 fb=1| * PRL 130, 18, 181 g '
elle 62.8 b R 11-97 30, 18, 181803 § o
— 34 4000
ARGUS| — ‘e‘ Z - 26 Z.P.C 68 (1995) 25-28
CU 0.2 04 0.6 0.;'-" -1'..'...;;.".1.4 16 1.8
XM
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https://doi.org/10.1103/PhysRevLett.130.181803
 https://doi.org/10.1007/BF01579801

LFV in B and D decay



Search for the LFV Bt — KT7%/T decay at Belle

® The leptoquark models predict the B(B* — K*7%u¥) via a vector
mediator (U;) with the SM quantum numbers of (3, 1)% to be

> 0.7 x 10~7 [PRD 104, 055017].

® Signal mode: B¥ — K*7(1 — lvv or mv)l(e, p).

® Accompanying B (Btag) is reconstructed using Full Event Interpretation
(FEI) [arxiv:1807.08680].

® The BDT classifier based on the event topology of the Bz and the
number of unused ECL clusters rejects the combinatorial B background.

® Another BDT classifier based on the difference in event topology
suppresses the continuum background.

) i E* P . Py, cos
Signal Extraction : Mecoil = m3 + my, — 2 ( beamEice | PhagPKe )] —_
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https://doi.org/10.1103/PhysRevD.104.055017
 https://doi.org/10.48550/arXiv.1807.08680
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Results on LFV BT — K75/ decay

1 B'oK'te’ B'—K'tu*

—— Data 12F —e— Data
16|- - Signal (90% UL) L - :\gr:‘a\ (90[:: uL)

. o - == - Backgrou
14 Background -« 10~ All components.

— All components ° f
12 > g

E @ F
105 = r
s S e

E 3
6 T 4

E S °H
4 = 0

o of
2 ; F .
1 I L\ 1 i) L L oL I PTIS T L L

he 12 1.4 1.6 1.8 2 16 18 2

Meeai (GeV/c)

2.2 24

Moeoi (GeV/c)

BF UL (10~%) at 90% CL
Decay mode
Belle \ BABAR
Bt — Ktrtu~ 0.59 48
Bt — Ktr—put 2.45 '
Bt — Ktrte™ 1.51 30
Bt — Ktr—et 1.53 '
#BB pairs (10°) 772 472
References PRL 130, 261802 PRD 86, 012004
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https://doi.org/10.1103/PhysRevLett.130.261802
https://doi.org/10.1103/PhysRevD.86.012004

Search for the LFV D° decays at BABAR

Within the SM, the BF for the decay D® — X%e® ;T is suppressed ~ O(10750).

For certain leptoquark coupling, the new physics models predicts the BF of the order of

0O(107°%) — O(1075).

The BABAR collaboration has reported the UL on three and four body LFV decays of D° mesons
[PRD 101, 112003], [PRL 124, 071802].

The signal reconstruction:

e DY — X%+, for three body
® DO — htpFet T for four body

Considered neutral mesons: X° € (7%, K%, K**, p°, w, 7).

The background from ete™ — cC events is suppressed using BDT classifier with the input

variables based on the topology of DSOig mesons.
[ Signal Extraction : Am = mp.+ — mpo ]
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https://doi.org/10.1103/PhysRevD.101.112003
https://doi.org/10.1103/PhysRevLett.124.071802

® The signal events are found to
be compatible with zero.

® Using 468 fb~! of ete~
collision data at or close to
T(4S) data

BF UL (1077)
Decay mode at 90% CL
Three body 5.0-22.5
Four body 1.0-30.6

® The reported ULs on the BF
of three and four body decay
can provide the bounds on the
leptoquark couplings!!!

Z
=
o
91
3
z
z

=

Results on LFV D° decays

3 Dat
.. —Toul
-+ Signal
e Background

I BABAR

g

T 1T

D' K

Tt

4

[ BABAR
D'—»Kreu

I BaBar

9

Entries / (0.88 MeV/c*)

BaBar

S0FD’ > ety

wl b

BaBAr

D’ n(—=yy)e‘u’

BaBar

D' n(—r*ra’)et it

e Ay

0.142  0.144  0.146  0.148 0.142 0.144 0.146 0.148 1470.135° 015 0,155 01457015 0155 0.1
Am [GeV/e] Am [Gev/e] A [GeV/ch) Am [GeVIc?]
Four-body Three-body
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Summary

We presented the recent results on the LFV decay modes at e™e™ collider experiments: (a)
Belle, (b) Belle I, (c) BABAR, and (d) BESIII.

New physics models such as the supersymmetry, two-Higgs doublet, leptoquark, etc. predict the
branching fractions for LFV decay modes, which are accessible to the high luminosity modern
experiments.

So far, no signal for the LFV decay could be observed.

Hope to find out in the near future at Belle Il and BESIII experiments... if nature allows!!!
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attention.
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The Belle and Belle Il detector

Belle Il Detector

KL and muon detector:
Resistive Plate Counter (barrel)

Aerogel Cherenkov cnt.
n=1.015~1.030

EM Calorimeter:
Csl(Tl), waveform sa
Pure Csl + waveform sal

tification

agation counter (barrel)
electron (7GeV) rogel RICH (fwd)

Beryllium beam pipe
2cm diameter

H;

positron (4GeV)

n/ K, detection
14/15 lyr. RPC+Fe

3 lyr. DSSD

® The Belle Il detector is a multipurpose magnetic spectrometer located at the SuperKEKB.

e Addition of the PXD to the vertex detector improving the vertex resolution.
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The BABAR detector

The BABAR Experiment

Electromagnetic Calorimeter Instrumented Flux Return
6580 Csl crystals ) 19 layers of RPCs
® The BABAR detector collected e+ ID, 0 and reco, K, detection 412 ID and KL detection

the data at ete~ PEP-II collider
in the SLAC National Accelerator
Laboratory.

® From 1999-2008, the detector
collected the collision data
corresponding to an integrated
luminosity of 514 fb~1.

Cherenkov Detector <l j \ et [3.1 GeV]
(DIRC \

144 fused silica bars
Km.p separation

Drift Chamber
40 layers
Tracking + dE/dx

i Silicon Vertex
o \ Tracker
e [9 GeV] 5 layers of double-sided
silicon strips
Tracking + dE/dx

v :
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The BESIII detector

The BESIII detector is magnetic
spectrometer located at the

Beijing Electron Positron Collider BES I BESIII
(BEPCII). =

Helium based Multilayer Drift ‘ The BESIII Detector ’ ST T
MDC Momentum resolution i 3
Chamber Magnet SC magnet dE/dx resolution
. L. . . yoke EMC  Enei n 2.59

Plastic scintillator time of flight B p—
svstem TOF 80 ps
Y resolution 110 (70) ps
CsI(TI) electromagnetic Be beam pipe | 5 9 layers RPC, 8 layers for
calorimeter _—y = Trigger rate: ~ 4 KHz

L Data rate : ~ 40 MB/s
Resistive plate counters 5 Col calorimeter
interspersed with steel for
detection.
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