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~ 250 decay modes in PDG e A K,
= Pure leptonic 7 — evrv and 7 — uvv | PO £ 011 % 0
Leptonic 20 - K™n'v, ——
. . . T
= Hadronic or semi-leptonic £2.2 % TV, KV, / KK, vy
. 8.99 +0.06 % 0.700£0010% / 2KV
= (Cabibbo favoured 7 — zv and suppressed 7 — Kv 4~ KK'mv,
— — : - K_KOROV,r
4 — kK,
—;Q\ 2h—h+3n0vt
V v '/' m- — vl \\ 3h_2h+7t0\’
_ o ; o (97,7 v 6 o 6 OV randy,
T > - A 25.52+0.09 % < \ T
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W W- a; ‘\\ m* (179) 8 11_311:0\/1 32 h+v’t
o . _ E - 105+007%
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‘ 5
o
TV, :
= Forbidden decays log3£006% [40 T 47
= Lepton tflavour (LFV), lepton number (LNV), baryon number (BNV) violation w02y,
- | 270x0.08 %
Tree level Loop induced . :_I%\;; o
T~ . q T~ ’ e ¢ — 20 2
q . N . G q v, | | oy
Leptoquarks Heavy gauge bosons Heavy neutrinos Extended Higgs models 17.83+0.04 % 2.00£0.08 %
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The role of T leptons in the quest

Laboratory to test the structure of the weak currents, the universality of the coupling to the gauge bosons and the low-
energy aspects of strong interactions.

Wide range of observables in T sector to confront theory!

Does NP couple to 3rd generation strongly?

Precision measurements or indirect search of BSM

= significant deviations from SM are unambiguous signatures of NP

Direct search of forbidden decays

= any signal 1s unambiguous signature of NP
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The progress of T physics

B-factories provided a variety of very interesting results in the last two decades.

= The world largest number of e"e™ — 77z events offer data for Tt physics with high precision

B-factories: Belle@ KEKB, BaBar @PEP-11, Belle II1@SuperKEKB

' Belle Il Online luminosity Exp: 7-30 - All runs
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Other players in the T sector
= BES III, ATLAS, CMS, LHCb
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Precision measurements - T mass measurement @ Belle 11

Fundamental parameter of the standard model Important input to lepton-flavour-universality tests
= World’s most precise measurement to date = The relation between B'(t — evv) and the lifetime 7,
= Slightly higher average value including Belle II recent very sensitive to the value of the 7 mass

measurement = slight tension decreased further

Belle II - PRD 108 (2023) 032006 A. Lusiani for HFLAV TAU2023
0.1790 -
PDG Average (2022) ] m,PDG 2023 (w/o Belle Il 2023)
1776.86 + 0.12 | m,HFLAV 2023 (with Belle Il 2023)
BES (1996) '
1776.96 1018 +o.125 -
021 07 i B'(t — evv) represents the average

BELLE (2007) - 0.1785 - of B(t — evi) and the value

1776.61=0.13 = 0.35 2 1 predicted from 9B(t — uvv) assuming

KEDR (2007) %J lepton universality

+0. = o

1776.81 02 £ 0.15 N~

BaBar (2009) .

1776.68 = 0.12 = 0.41 ] d

0.1780 / TT mT

BES Ill (2014) . B’ Bﬂe

1776.91£0.12 10 m T, mg

Belle Il (2023) | i 2023 prelim

1777.09 = 0.08 = 0.11 | 289.5 290.0 290.5 291.0 291.5

| | | | T, [fs]
1776 1776.5 1777

m. [MeV/c?]
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Test of lepton flavour universality in T decays @ Belle 11

The coupling of leptons to W bosons is flavour-independent in the SM e = 8= 8¢

= [dentical lepton interaction rates involving e, L or T

= Test of 4 — e universality in the 7 decays

Bt~ = p o) T fmdimd
g m;/m
R, = £ 20.9726 ~) xR, x———=2']
U — K 2/m?2
B(t— - e D,v,) 8 ) J(mgimz)
R,°M=0.9726 9u=Je
. CLEO (1997) . CLEO (1997)
0.9777 £ 0.0063 £ 0.0087 | 1.0026 = 0.0055
BaBar (2010) . BaBar (2010)
0.9796 = 0.0016 = 0.0036 1.0036 = 0.0020
. HFLAV fit (2021) " HFLAV fit (2021)
0.9762 = 0.0028 1.0019+0.0014
| Belle 1l preliminary (2024) + Belle Il preliminary (2024)
5 0.9675 = 0.0007 = 0.0036 0.9974 + 0.0019
| ! e | ! ! ! | ! ! ! | ! ! ! ] ! ! l ! ! ! i ! ! ! l ! ! ! l ! ! ! l ! ! ! ] ! ! ! ] !
0.96 0.98 1.00 1.02 1.04 0.99 1.00 1.01 1.02 1.03 1.04 1.05
R 19,/ 9elt

= Most precise test of 1 — e universality in 7 decays from a single measurement
= Consistent with SM expectation at the level of 1.40
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Test of lepton flavour universality in T decays @ Belle 11

The coupling of leptons to W bosons is flavour-independent in the SM

= [dentical lepton interaction rates involving e, L or T

= Test of 4 — e universality in the 7 decays

= Most precise test of 1 — e universality in 7 decays from a single measure

B B(t™ - ,u_DﬂvT) M

8. =8,= &

f(mZIm?) s

fm2im2)

Rﬂ = - = (0.9726
B(tz— = ev,u,)
R,°M=0.9726

. CLEO (1997)

0.9777 +£0.0063 = 0.0087

E BaBar (2010)

| ; 0.9796 + 0.0016 + 0.0036

+ HFLAV fit (2021)

; 0.9762 + 0.0028

| Belle 1l preliminary (2024)

1 0.9675 + 0.0007 + 0.0036
096 098  1.00 102 104
Ru

CLEO (1997)
1.0026 = 0.0055

BaBar (2010)
1.0036 = 0.0020

HFLAV fit (2021)
1.0019 +£0.0014

Belle Il preliminary (2024)
0.9974 = 0.0019

0.99

= (Consistent with SM expectation at the level of 1.40
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see the talk of

T precision measurement from Belle Il

Marcela Garcia Hernandez

FPCP 2024



Lepton flavour conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (my = 0)
[obal
GLy" =UL)pxUQ), xU1), xU1)pL,

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons?

= The charged LFV processes can occur through oscillations 1n loops

= Immeasurable small rates (10->4-10-4%) for all the LFV p and t decays

3 .
5(51 — 62'7) — 32—7T UgliUég T ﬂu

i=2,3 V. W

Observation of LFYV will be a clear signature of the NP!

= Charged LFV enhanced in many NP models (10-10 - 10-7)

_ ~ Y
\\\Q}’<“+ IQM
f——H VARY
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Lepton flavour conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (my = 0)

G =U()p x U(1), x U(1), x U(1)z,

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons?

= The charged LFV processes can occur through oscillations 1n loops

= Immeasurable small rates (10->4-10-4%) for all the LFV p and t decays

Y RIS
- —
2 w f\r\j\) 103 u| A&
8 " - v eV P
Bty — lay) = 30 Uy, U, T ﬂ 9 102 s,' m’ﬁﬁ.
i=2,3 Vi Wu 107 %y v 5 a
109 :: ¥v ) CLEO /BaBar/Belle Bglle "
. . . . . 0
Observation of LFV will be a clear signature of the NP! T Z g’z ey e " "
[ J e ®
— o . om MEG
. 13— = uN — eN v M
= Charged LFV enhanced in many NP models (10-10 - 10-7) 10-=F MEG |
S A COMET |
Y 10- - A T —3u Mu3e
— nr— B Mu2edD
U ) A 10-17 = COMET I
\%\v/,<u+ lO-lg?lllllllllllllIllllllllllllllllllllllllllllllll
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¢ vt v!-l Year
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Complementarity of T LKV searches

Current limit on AB(u — ey)~ 10-13 does not forbid B(r — £y) ~10-8 O
\(? ~ Cntm* @

= Leptonic MFV:  Nuci.Phys. B 728 (2005) 121

= GUT models:

Nucl.Phys. B 445 (1995) 219
credits to S. Barenjee

Indirect constraints on LFV Higgs from 4 — eyand 7 — £y
= Strongest from u — ey: B(H — ue) < 1.6 x 107°

= QObserved: BR(H — eu) < 6.1 x 10> (95% CL)
= QObserving H — eu or t — £y would require a non-trivial NP mechanism

—107" —10™"
> >
107%¢ L
: EATLAS Run 1 .
. ; ) Phys.Lett.B 800 (2020) 135069
10_ - 10— :
: : H Phys.Lett.B 801 (2020) 135148
107 10E Y
10°° 107 107 1073 1072 107"
Y | Y |
ne [T
8 FPCP 2024
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https://doi.org/10.1016/j.physletb.2019.135069
https://doi.org/10.1016/j.physletb.2019.135148

Status and perspectives of LFV searches

As of the Snowmass 2021: cLFV in T sector - arXiv:2203.14919

> 0 0 0
3 -y PP IS IV Il lhh BNV -
) ®
© 10_5:_ o* (N ® 3
v E ¢ ST *® %o * . - :
> b e . ° ¢ o o § Test the SM in 52 benchmark t decays
1 - °® .....0 ® PY ® |
- 6| e || . .
G 107 . = . CLEO = radiative (t = £y)
-~ — + v %:.
EF v Ty T v "+ ATLAS -
= - N v . - :
o o7l e lTMl L .o "y . 1. cMs leptonic decays (7 — ££7)
% =N 4 A A Ja x * ¥ At v A E%LHCb
> BN [ S {f, Lttt Gty BaBar = a large variety of LFV and LNV semi-leptonic decays
- — A A A Y A ALa 7
O a8l ¢ 44 PO ¢ 4 ¢ — 4 Bell
107 == ¢ 4+ A ¢ .9 ¢ 4 ¢ = elie — B
0 — =4 ) A\ 4 4 -
§ = ’,, o v ¢ ., N ) IR AP . - + Belle Il (5 ab™ NVdecayS
- : b {=Bellel(50ab") | ¢\ and T — e: test of the lepton flavour structure
10—95_ . l.ll-. . .. . .-.- g .. . . :
~ n . ) - o ) " R e . = T
10—10_||||||||||||||||||I|||||I|||||||I|||I||||||!!_

SNRRIRITSEE 08 LL AL O 0o xx30 kivkl kbR kL RT3 030

e T T i i S

y ! . ’ . o . 1 *
@QQQQ’QQ’QQ)QQQQQQ)QQ’Q mqa’Q,‘D,Q’QQ*Q*Q’,Q@,@@QC,&&QC&“&”Q@ @kkk @@QE,QEQ)Q

= One of the factors pushing up the sensitivity of probes 1s the increase of the luminosity
= Equally important is the increase of the signal detection efficiency

= high trigger efficiencies; improvements in the vertex reconstruction, charged track and neutral-meson reconstructions,
particle 1dentification, refinements 1n the analysis techniques...
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Status and perspectives of LFV searches

As of the Snowmass 2021: cLFV in T sector - arXiv:2203.14919
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G 107 . = . CLEO = radiative (t = £y)
-~ — + v %:.
EF v Ty T v "+ ATLAS -
= - N v . - :
o o7l e lTMl L .o "y . 1. cMs leptonic decays (7 — ££7)
% =N 4 A A Ja x * ¥ At v A E%LHCb
> BN [ S {f, Lttt Gty BaBar = a large variety of LFV and LNV semi-leptonic decays
- — A A A Y A ALa 7
O a8l ¢ 44 PO ¢ 4 ¢ — 4 Bell
107 == ¢ 4+ A ¢ .9 ¢ 4 ¢ = elie — B
0 — =4 ) A\ 4 4 -
§ = ’,, o v ¢ ., N ) IR AP . - + Belle Il (5 ab™ NVdecayS
- : b {=Bellel(50ab") | ¢\ and T — e: test of the lepton flavour structure
10—95_ . l.ll-. . .. . .-.- g .. . . :
~ n . ) - o ) " R e . = T
10—10_||||||||||||||||||I|||||I|||||||I|||I||||||!!_

' ' '

SNRRIRITSEE 08 LL AL O 0o xx30 kivkl kbR kL RT3 030

+++++++++++++

Pos0 ORI ONCNNey 0y T ABELE YO bR kL LLLLTRAR N LK RRBESL0S New results from CMS, Belle and

Belle II since Snowmass report

= One of the factors pushing up the sensitivity of probes 1s the increase of the luminosity
= Equally important is the increase of the signal detection efficiency

= high trigger efficiencies; improvements in the vertex reconstruction, charged track and neutral-meson reconstructions,
particle 1dentification, refinements 1n the analysis techniques...
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Search for © — uuu decay @ Belle 11

% o 2 i S Ve I lhh BNV -
Search at Belle II with 424 tb-1 Pt e e
= W 1dentification 1s the most powertul discriminating variable S 10°c ' i
E E iy Ty M v . E
= Momentum dependent optimisation of the mulD requirement gro7e I s ' -
> 3 Y N 1, 3 . ]
?210—8;__:” C ey et . Ny et Lt ) ’_;
Signal region definition N TR
. —_ e 10_9§— E
(typical for all 52 LFV searches e*e™ in searches) ; _ ;
; e
%, | Belle Il (Preliminary) 55§R S N LA I O B
§ 10° sumulated events — 205 SR
g [TwEs — Stdebands -
2 Two independent variables:
0.1 |
: _ \/ 2
0.0%_- e S EY

— CMS CMS
AE =EMS — E

beam

R e For signal:

= AFE close to 0 and M3, close to T mass

= Tails due to ISR and FSR

.. | L ...'.: :-“-. oz 2e
—0.2F- . D
.u -° ® v'

"‘03 _: .l‘. :'1 -:':,::- '\ ‘..': 1‘, "-; 'y. 1. T T I
1.700 1.725 1.75( g7 1.800  1.825  1.850

M, [GeV/c?|
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Search for © — uuu decay @ Belle 11

1-prong
= Used before by Belle and BaBar:
= 3x1 topology

= (Cut-based selection optimised using the Punzi FOM

M
1 prong ¢ tag sig

S T T

-

—> |

V., i
Signal efficiency: 14.9% (2 x Belle efficiency)

= Number of expected BG from simulation : 0.43
= () event observed 1nside the SR
= Observed B(r — 3u) < 2.0 x 107°

Experiment Upper Limit at 90% C.L.
Belle 21x 1078 (£ =782 b 1)
BaBar 3.3%x 1078 (£ =486 b~ 1)
CMS 29x 1078 (£ =131 b7 1)
LHCb 46%x107% (£ =2.011
Ami Rostomyan Belle Il 1.9%107° (¥ =424 fb~ ')

11

Inclusive approach
= Main analysis approach:
= Inclusion of 3x1 and 3x3 topologies

= Selection and background rejection using BDT

1prong tag sig ;
+ E> T T
3prongs "
= Signal efficiency: 20.4% (2.7 x Belle efficiency)
= Number of expected BG using ABCD method : 0.5

= ] event observed inside the SR
= Observed B(r — 3u) < 1.9 x 107°

—>

Most stringent limit to date

FPCP 2024



Search for 7 — ¢ VO(VO = p,w, @, K*) decays @ Belle

Previous search at Belle on 854 fb-! exploiting 1-prong tag s Tous
= Increase the etficiency using o0 bl S |
ol A
= full data set of 980 tb-! s | L
i i P w T
= more decay modes 1n the tag side S oo} NG
. . 4 e ]
= background suppression with BDT R S
— V. , 2 T T I
Tt et e <
_0'4_:’ ..:‘ 0...... "...“...: :. e .::. - ” 3
1 prong tag 3 prong tag R I S TR S L A
1.65 1.70 1. 75 1 80 1.85 1.90
> : + > Mye (GeV/c?)
1 prong 3 prong
(wv,, v, , z(n 7Ov, 0.4f ° TopK? I
' Data
02_ .....
= Exploit topology and event/tag kinematics to the backgrounds that mimic g ool . .a,'.".’ SN
~ ' '_‘ ....... ....:0..0...:....%0 .
= the presence of neutrinos in the tag side, T
. . . —02f e et D e
= wrong PID in the signal side R
: S B R A
= Further suppress T — 3mv and ee — qq with BDT S NI
= Estimate expected background in SR from sideband interpolation Les 170 175 G \1//80) 185 190
HK eV/c?
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Search for 7 — £V decay @ Belle

No significant access in all #V" modes

= 30% 1mprovement over previous measurements
= ncreased statistics (124 tb-1)

= higher signal efficiency (9%)

Belle - JHEP 06 (2023) 118

90% C.L. upper limits on LFV t decays

-
<
D

-
<
~

10_95‘ . [ ] [ ]

Ihh BNV -

1070

Mode e (V) Npg Osyst (%)  Nobs  Bops (x107°)

™= = u=pY 778 0.95+0.20(stat.) £0.15(syst.) 4.6 0 < 1.7

TF > etp? 849  0.80+0.27(stat.) +0.04(syst.) 4.4 1 < 2.2

= 5 pte 559 0.47+0.15(stat.) £0.05(syst.) 4.8 0 < 2.3

T = eT o 6.45 0.384+0.21(stat.) 40.00(syst.) 4.5 0 < 2.0 =
™ o ptw 327 0.32+0.23(stat.) 0.19(syst.) 4.8 0 <39 =
7+ S etw 541 0.7440.43(stat.) £0.06(syst.) 4.5 0 <24 g
T+ 5 K0 452 0.8440.25(stat.) 40.31(syst.) 4.3 0 <29 =
S etK 694 0.5440.21(stat.) £0.16(syst.) 4.1 0 <19 &
™+ 5 pFK0 458 0.5840.17(stat.) +0.12(syst.) 4.3 1 <43 7
™= e K* 745 0.2540.11(stat.) £0.02(syst.) 4.1 0 < 1.7

Ami Rostomyan
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Search for heavy neutral leptons (HN L)

N (or v,) interacts with v_ through mixing: N <= v_
3
= Z Upivi + Z Von, Nj.
i=1 j

Can have Majorana mass

0.01:

!

Long lifetime c7y « | U,y |*m v

In keV-scale could be a dark matter candidate 107

In GeV-scale can explain the origin of the baryon asymmetry  {4-10
Direct search of HNL in t decays M, < M_

§ 1 3 1

L 0.1 ! 10100
_ MN (GGV)
v A 3 = Explored regions by different experiments

™ N TS = My > M,. pp > N~ @LHC
1’ = My <M, y: Z° - vN @ DELPHI and W* — ¢*N @ LHC
v§< : - = My > Mg p g2 @NAG62, beam-dump, Belle
e >l§ . > >U< > /'q/ = All above experiments provide tight limits on | V|, \ v
: W%< = Fewer experiments have directly probed | V_ |
q
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Search for 7~ - 77N (N - u"u"v,) decay @ Belle

Search for a heavy neutrino 300 < M,, < 1600 MeV that mixes predominantly with v, accepted by PRD
= The search uses the data set of Belle with N__ = (836 = 12) x 10° .

= Signature: prompt pion and long-lived, heavy neutrino N - u u v, o

= (Constrain of the signal decay using the full kinematics of T decay (two-fold ambiguity) W Zﬂ%ﬂ_

= Rejects K¢ — 777~ (420 < m < 520 MeV) — pions decay to or are misidentified as muons e N r

= Two signal regions targeting heavy and light HNLs S S

-

1 and O observed events, in agreement with the background expectation.

!

Set 95% C.L. upper limits on | V), |as a function of my

— > o
N —
> [ : S =~
& [ SRL SRH | ° o -1
=14l : v 0 0
= =
~  ®Data ® Data —0.8 % DELPHI
B o
12— v 02
\Y
B VTT VTT
o 06 N\, e
1 L 10731 Dy S -
- Belle )
0.8— (this work)
L _ 1| Majorana
B 0.4 1074 .- Expected
B Observed
0.6 — NL___BEaT
L 10_5 _'\-\_:':-\\\ +20
L 0.2 Dirac - _
0 4 munit L < | S [N \EXL\):\G'CtGg P
: _ Obs;}'iie d:::"\“-\-\.\_\ WAG66 (reinterpretatioilz/’:;f_j_g,./
B 10— N tio ‘-~-~-~:::::.:::;EEKERZ:—.(?;}ﬁ’;erpretation)
- ; +2
0.2 Lo o b v v b v b b | 0 ' 7 ' ' ' ' ' '
0.2 04 0.6 0.8 1 1.2 14 1.6 0.4 0.6 0.8 1.0 1.2 1.4 1.6

2 GeV 2
Ami Rostomyan m, [GeV/c'] 15 v (Gev/e] FPCP 2024



Search for 7~ - 771,(v, & 77 7) decay @ Belle

Search for a heavy neutrino 200 < M, < 1600 MeV
= The search uses the data set of Belle with N__ = (912 + 13) x 10°

= Signature: prompt pion and long-lived, heavy neutrino v, - 7~£7+

= A series of binned likelihood fits to the mass distributions using the sum of a Gaussian signal function and

background varying the mass hypothesis in each fit.

= No significant access

= Set 95% C.L. upper limits on | U “ = | U, * + | U, * + | U. ”as a function of M, for the two neutrino-mass
hierarchy scenarios

1.86[ o -

1.84F &

1.82F%

p—
o0

1.78

M(rrtl) (GeV/c?)

1.72
1.7

1.68 &
-0.2

176 |°
174 % °

T T 1

BT

1 g

O u]
|:||:|l

(a)
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1.86F =
184f
182P8 °
1.8po o

178
1.76 B
174F°
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1.7 2

1.68 &
-0.2 -0.15 -0.1 -0.05 O
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]
(]

v by by by by by by

0.05 0.1 0.15 0.2

events/(20 MeV/Cz)

Belle - PRL 131, (2023) 211802

M(v,) (GeV/c?)
16

5_
: TTITEe
4 -
3_
2_
L I
o L |
14
12F il
10 &
8_
6_
4F
()—'EL"' T T
0 02 04 06 0.8 1 1.2 14 16 1.8

18k

10 -

inverted hierarchy

L normal hierarchy

| | \1.6\ | \1-8
GeV/c2
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https://link.aps.org/abstract/PRL/v131/e211802

Search for 7 — A(A)rx decay @ Belle

= BNV is one of the necessary conditions to explain the asymmetry of matter
= Beyond SM scenarios allow for BNV and LNV

)

)

B — L conservation

[A(BB—=L)| =2

= Previous BNV searches:

)
)
)
)
)
)
)
)
= E

p—ern’andp - ur' @ Super-Kamiokande

7" - pe~ and Z’ — pu~ @ OPAL

D' = pe* and D° - pe~ @ CLEO & Belle

D*,DF,A. — h*™¢*¢~ at BaBar

B - A¢Y~,B~ - A¢Y~, A\Y~ @BaBar
T - pX X =y, 7 n,22°, z°) @ CLEO

T~ > Ar and 7~ = An~ @ Belle

T~ = pu u and 7 — putu~ @LHCD

xperimental limits 10™% — 107>

Ami Rostomyan

90% C.L. upper limits on LFV 1 decays
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Search for 7 — A(A)rx decay @ Belle 11

Previous search @ Belle on 154 fbh-1
= Set upper limits at 90% C.L. of 0.72 X 10~/ for B(t~ — Azx~) and 1.4 X 10~ for B(z~ — Ax")
This search @ Belle II on 362 fb-1

= Signal selection using loose pre-selections, followed by GBDT

Belle 1l (Preliminary)

Data: [£dt=362.0 fb~!

Belle 1l (Preliminary)

Data: [£dt=362.0 fb~!

60 - :
T sAT™ [ Signalml ee T~ > AmT™ [ Signalml ee
e TT d e oTT e ouu
(C) E g { Data ( ) EE g { Data
~N 40|
=
0
=)
2 |
: |
0 20
=% 40 80 136 0 40 80 120
L/o(N) L/a(N)

Signal efficiencies 9.5% (9.8%) fort — An~ (= = An")

Expected events 1 (0.5) fort - An™ (7 — A7)

No observed events

World leading results on upper limits at 90% C.L. of 4.7 X 10~°
for B(t~ — Azn~) and 4.3 X 1078 for B(t~ = An")
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0.47

0.2/}

AE [GeV]

~0.21

= The flight significance of A and A candidates is one of the powerful variables

-// tag side

Belle Il (Preliminary)  Data:[cdt=362.0 fo~!

Belle Il (Preliminary)

A @
~» @
— ‘ signal side

&

\

Data: [£dt=362.0 fb~!

—— Signal region = Simulated bkg
Sideband x Data

__________________________________________________________

—— Signal region = Simulated bkg
Sideband x Data

___________________________________________________________

170 1.72 1.74 1.76 1.78 180 1.82 1.84 170 1.72 1.74 1.76 1.78 1.80 1.82 1.84

M(Am) [GeV/c?]

M(Am) [GeV/c?]
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Outlook

Very exciting times ahead!

= A very Interesting era 1n the t LFV searches, with expectations of
significant improvements in current limits, spanning from a few parts in

R, LEPTONS

= On horizon @ Belle II ot o a

= Polarised beams can further improve the sensitivity Uy ~ X

= Similar sensitivities will be probed at ATLAS, CMS & LHCb ® ‘ Bl

= The proposed experiments at STCF and FCC-ee will further explore |, ~

LEFV 1n the T sector. ,;{  VERY INTERESTING

= This goes hand in hand with precision measurements, where the possibility WQS(;A;\Kgﬂt

of new physics emerging 1s also possible. e i

= The discovery of LFV would mark a new era in particle physics.

= Synergies between different experiments enhance both the potential for
new discoveries and the confirmation of existing ones.
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Search for LFV 7 — Za (¢ — 1nvisible)

Probe the existence of a new boson o

)

4

)

o 1s an 1nvisible particle

= ¢.g, an axion-like particle

Previous searches from Mark III (9.4 pb-!) and
ARGUS (476 pb-1)

0.06

ARGUS: Z. Phys. C 68 (1995) 25

OoT—ex
005 - ETouUx

004
003

002 [

B(r — (a)/B(1 — (vD)

001 [

llllIIllIllIIlIllllllllllllll

0 02 04 0.6 0.8 1 1.2 l1.4I | l1.6l
M(a) [GeV/c?]

Interesting mass range from 100 MeV-1.6 GeV

= not covered by other searches
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Light ALP: JHEP 09 (2021) 173
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Search for LFV 7 — Za (¢ — 1nvisible)

Search for a two body decay spectrum Belle IT - PRL 130, 181803 (2023)
= Signal will manifest itself as a peak 1n the T rest frame - ae search
: .. : x10°°
= True T rest frame not accessible due to the missing neutrino ~ o
> 35 T bele
= b —— ARGUS
14000:- Belle Il \ —+— Data ?F E
i N 0N SSu Total uncertainty 25 Belle Il
. (Ldt =62.8 fb . VT o [
12000: fL t=62.8 . \ E Sy e 20:_ fL dt =62.8 fbl
™= 10000} t—>ea, M, = 1.6 GeV/c? Q {
Q : & 160, M_ = 1.2 GeV/c? = 15k—
2 8000} R - t—ea, M. =0 GeV/c? '‘© i
2 Z \ T 10
S 6000f - :
TR —  5f
4000} @
2000} o o5 o7 1 12 14
, , , oL o M, [GeV/c]
= Approximate using the tag side: o e,
xp = 2EZIm, t->au search
S - 40§10
P:=~ = P3g ET:\/E/Z T f ——Belell
. . .'; wb = ARGUS
= Search for access over the irreducible background: t—lvv T L
‘o = Bellell
e f e
= Mass range: M«from O to 1.6 GeV o f JLd=628
S 15F
= No access is observed ~ b
: : .. R
= Set 95% (90%) C.L. branching fraction limits Q@
0 | | | | | | | | | | | | | | |
= 2 to 14 times more stringent than ARGUS ° > “:'7[GGV/C2]1 e e
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