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Status of the ¢ LFV sches at B-factories

Advantages of studying t physics at B-factories:

Lepton Flavor Violation (LFV) is allowed in e 7 produced in pairs
various extensions of the Standard Model  Well defined initial state energy
(SM) but it has never been observed e Clean environment

 High hermeticity of the detector
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Search various decay modes:
— T > PPP Simple ——p  Good determination of £ mass and

l} energy + few SM background sources “

— 7 ¢K,, Ah | -

— 7 > £Vy(— hh') Difficulty of
background
reduction

-7 ¢P° (> vy)

— 17— Yhh’ 3
—To by o - lrreducible physics backgrour?ds.+
bad r mass and energy determination |
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Search various decay modes: e ———— R

— T PP Simple =~ ——p  Good determination of r mass and |
1 energy + few SM background sources

— 7 - tK,, Ah | ; - ] |
— 7 > £Vy(— hh") Difficulty of Z’ mediated

background i
reduction

| Golden channel: 7 — 7
experimentally the most
accessible

— 7> £P° (- yy)
— 7> Yhh’

- T4y Hard

—— e

]. Golden channel: T — uy
as the Highest non-SM
BF contribution nuSM

~lIrreducible physics backgrounds + |
bad r mass and energy determination |

><
Physics models B(t — uy) B(t— uuu) RC
SM +V mixing 10_49 N 10_52 10_53 N 10—56 [1] Ref: https://arxiv.org/pdf/1301.4652.pdf
SM-+heavy Majorana Vg 10~ 10~ 10
Non-universal Z’ 10~ 1078
SUSY SO(10) 108 1010 An observation would be a
mSUGRA + seesaw 107 10-9 clear signature of NP!
hon tr0s0 3 SUSY Higes 1010 10~7
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Br (; T—>,u¢)

Unparticle model

Ref: https://arxiv.org/pdf/hep-ph/
0703260.pdf

Ref: https://arxiv.org/pdf/0901.3266.pdf
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Leptoquark model

Ref: https://arxiv.org/pdf/2103.16558.pdf

) Excluded at 95% CL
1077

107%L
- Belle I1 (50 ab™ ')

1077k

B(T — puo)

10—t

s = !
107 S |
: =~ with RH curr
10~2-w/0 RH cui = |

10°% 10~ 7 107° 107° 1074 10~°

B(Bs — 7 pt)

One of the golden channel for this model

Nice interplay between B and 7 physics!
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Analysis steps for 7—IV0 @Belle

Analysis update including 3-prong decay for ztag With ~980 fb-1

1 prong topology 3 prong topology

e/l o sig tag V, I e/l o sig tag
< - T T :\. T T
0 -z 0 -
v > 1 prong v 4" 3 prong
(lvv,, nv,, m(n 79v,)

Analysis steps:

 Event selection and background suppression done by BDT
 Prepare BDT classifier for each LFV mode

- Training: 11 input variables for lw, 9 input variables for others
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Analysis results for z—IV0 @Belle

Mode e () NBa Osyst (%)  Nobs Bobs (x107°)

T — ,uipo 7.78  0.95+0.20(stat.) £0.15(syst.) 4.6 0 < 1.7
75 s eTp? 849 0.80+0.27(stat.) 4-0.04(syst.) 4.4 1 < 2.2
T > puTd 559  0.47+0.15(stat.) £0.05(syst.) 4.8 0 <23
75 ety  6.45 0.38+0.21(stat.) 0.00(syst.) 4.5 0 < 2.0
= 5 pFw 327 0.32+0.23(stat.) +0.19(syst.) 4.8 0 < 3.9
7 —efw 541 0.7440.43(stat.) £0.06(syst.) 4.5 0 <24
7 5 ptK* 452 0.8440.25(stat.) 0.31(syst.) 4.3 0 <29
7 5 etK*  6.94 0.54+0.21(stat.) 0.16(syst.) 4.1 0 <19
= - pFK* 458  0.58+0.17(stat.) +0.12(syst.) 4.3 1 < 4.3
75 5 eTK* 745 0.25+0.11(stat.) £0.02(syst.) 4.1 0 < 1.7

World best result!

Bz —» eVY) < (1.7-24)x 107° ~30% improvement wrt
Bz - uV% < (1.7-4.3) x 1078 previous results!
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Analysis steps for r—I¢p @Belle |l

ref: https://arxiv.org/pdf/
2305.04759.pdf

Untagged topology &
e/H _ sig tag any First application of untagged approach with
- T g > 190 fb-1
¢ oo iy decay
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Analysis steps for 7—l¢ @Belle |

ref: https://arxiv.org/pdf/ &
2305.04759.pdf -

Untagged topology & ‘
e/M sig tag First application of un.tagged approach with

Any
.- T T -
b e ey ety

\
S

Signal detection efficiency ~ 2 x Belle

% 1.0F Belle Il (Preliminary) - MC background ~—— RSB
&) - Data: [Ldt = 190 fb!  Data — SR
LTJF 0.8 . MC: f,Cdt = 2ab!
< i
. . _ sk _ 0.5F
o Definition of a SR via the M, and A, = EM) \/3/2 5 .
0.2F * .
 Event selection and background rejection using via BDT OOE * } T
| | : L . -
 Background events are evaluated from data in the sideband —0.2fF o . . '
 Perform Poisson counting experiment approach in SR _0'5;_ - :
—0-8_‘. T [ S KNS S SR S N S S S R SR L R

1.6 1.7 1.8 1.9 2.0
M, [GeV /c?]
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Analysis steps for 7—l¢ @Belle |
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Results for 7—I¢ @Belle ||

Belle 1l will be

competitive S
with more data! BuL(t — £¢) = 7
e— X 207+ X Ep4
E 1.00 » 1.00
O K Belle Il (Preliminary) = CL; obs 5 Belle Il (Preliminary) === CL; obs
fﬁdt = 190 ﬂ)_l - CLS exp f‘Cdt = 190 fb~* - CLs,exp
i +20 CLS,exp 0.75 I +20 CLs,exp
0.75r mm i1, CL,.,, - W £l Clsen
. 4 10% ‘ . — a=10%
i 0.25
0.25 ’
....... 0.00 — - ., . i ] . x10~7
\ ................. 0 9 4
LTt --"'-"“--"" .......... X10_7

Upper limit on B(7 — p¢)

Upper limit on B(T — e¢)
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T — la motivation

Search for LFV two-body decay 7 — [+ a (| = e, )

a IS an invisible gauge boson that can be predicted by

several NP models — LFV Z’, light ALP candidate, more..

Light ALP: JHEP 09 (2021) 173
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Can Belle Il do better?
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T — lo analysis @Belle |

ARGUS analysis approach is adopted — definition of pseudo-rest (ps) frame

Lt :
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Results for 7 —>la I

95% C.L. upper limits using the CLs method — no significant excess in 62.8 fb-1 of data (2019-20)

Ref: https://journals.aps.org/prl/pdf/10.1103/PhysRevl ett.130.181803

Maximum likelihood fit on x| distributions = UL on the branching fractions

s

Best measurement today: 2.2-14 times more stringent

than Belle depending on the value of the @ mass
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.181803

Analysis of 7—=3u @Belle |

Best upper limits on 7—3u from Belle: 2.1 x 108 @90% CL with 782 fb-1 — Belle Il is already competitive with 434 fb-

Closed signal side kinematics

*No physical backgrounds
* Tight signal region — large background reduction

using AE;, = E g, — Epeam and M5,
— 0.3 _
>" " [ Belle Il 2020 (preliminary) 171120
(5 0.2 FSimulation: ;-
— -t — 3u (10* events) L. — 100
% 01¢ et 6‘
; AT
O .» " :'-!.:-. _ - 864
~0.1F _ ??‘0 60
02} - p¥
s 40
-0.3 [ )
. 2
-0.4 " 0
[ = _ LI |:l: .
« [ Y- S S CTEL - 1 <ol W A 0
@ 1.7 1.721.74 1.76 1.78 1.8 1.82 1.84
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Analysis of 7—=3u @Belle |

Best upper limits on 7—3u from Belle: 2.1 x 10-¢ @90% CL with 782 fb-1 — Belle Il is already competitive with 434 fb-

Closed signal side kinematics

*No physical backgrounds

Tight signal region — large background reduction - muon identification cuts optimised as a function of
the track momentum

using AE;, = E g, — Epeam and M5,
— 0.3 — — 120 3x1 topology schema U
% EBelle Il 2020 (preliminary) L. 1 prong tag sig
¢H 0.2 -Simulation: s . :\ T T Y
— bt —>3u(10*events) .7 - - oo
L|<j 01 :_ .tIL.- ) . . VT ”
_ DAL I
O a1 L" "-!- . -
-0.1F _ N ?\0 - Selection and background rejection based on BDT
. ?? - Inclusion of 3x1 and 1x1 topologies
~0.2 F P
_03F 53" Inclusive topology schema T
. 20 1prong tag SIg
-0.4 SR > T T
[ = . . " JAn .:I: m + -l u
C D> Y L 1 ol N R B 0 3prongs
@ 1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84 H
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Results for r—3u @Belle |I: inclusive approach

GBoost BDT trained on a statistics of 4 ab-! using 32 variables: 1prong tag ] ] SI9
- -
e |nputs from: signal r; event tag side; event shape and kinematics 3prongs :>

esig= 20.42 + 0.06% ~3x larger than Belle & Expected BKG: 0. 572 events
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Results for r—3u @Belle |I: inclusive approach

GBoost BDT trained on a statistics of 4 ab-! using 32 variables: 1prong tag ) ] SIg
-+ - -
e Inputs from: signal r; event tag side; event shape and kinematics 3prongs :> :

esig= 20.42 + 0.06% ~3x larger than Belle & Expected BKG: 0. 572 events

No significant excess in 424 fb-1 of data — 95% C.L. &

> 0.3 Belle Il (Preliminary) o0 - Simuiated upper limits using the CLs method
8 ~ Data: [ Ldt=424fb"" — 203 Signalregir o datm
= 0.2" 3 1.2 Belle Il (Preliminary) ____ c .
3 - St xpected C'L, median
m°° : 46‘ > - [ Ldt . 524%—1 Expected C'L, £ 20
< 01 : 1.0 B Expected O, + 1o
f o . i —+— Obsggved CL,
: - 0.8
0.0 P?? : @ Expected most
; 0.6- : ..
Y A : M stringent limit
- 0.4 -3
—0.21 1 event observed " @V 1.9 X 10
: inside the SR “Q 2
—03_1 | I | | | | l | | | l | | | | l | —
1.70 1.75 1.80 1.8 00015é45
M3M [GeV/CQ] B(Tj: N luiluiFluj:) %10~
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D D

S summary 5

Belle 11

e B-factories are a perfect environment for LFV searches on r sector

e Belle and Belle Il are also a r-factories!

e Several new high profile measurements:
e 7—|V0 @Belle & Belle Il, 7—la and 7—3u @Belle |l

* More results to come so stay tuned! %n
C.y Z(’»«;‘
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Emergency slidesl!
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Physics: T analyses

tag 3prongs
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