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Motivation

¢ Observation of neutrino oscillations implies that neutrinos have nonzero masses and lepton flavor conservation is violated in

the neutral lepton sector.
Q-
* What about charge leptons? \ /

= Charge lepton flavour violating (LFV) can occur via loops involving neutrino mixing
= Predicted rates are highly suppressed

om2\* e /
BR(u — ey) ~ 5 < 107 W-
My
Eur. Phys. J. C57, 13 (2008) J. Phys. Conf. Ser. 888, 012029 (2016)
> > >
o : : : ! 1A ' i
Observation of LFV will be a signature of NP o U Vi ek €
% Many extensions of the Standard Model (SM) predict LFV branching fractions up to the level of (10-19 ~ 10-7)
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Belle & Belle 11

* Belle (1999-2010) and Belle II (2018-now) are B-factory experiments.
* Accumulate asymmetric e*e” collision data mainly at Y(4S) resonance to study the CP-violation in the B-meson system
* B-factories are also charm and t-factories

Nano beam concept  p.jjo 1 target: 50 times more

luminosity of data than that of its
predecessor experiment (Belle)

KL and muon detector:
Resistive Plate Counter (barrel)

< R : “Séintillator WLSF + MPPC (end-caps)
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v I tion counter (barrel)
electron (7GeV) = Aw Pr Aerogel RICH (fwd)

2 layers DEPFET + 4 |@

positron (4GeV)

A /Central Drift Chamber

A iadd small cell +He/C:Hs Central Drift Cham ;, e
He(50%):C2Hs(50%), Small cells, lohg=
Si vitx. det. . lever arm, fast electronics
3/4 layer DSSD /K. detection

14/15 layer RPC+Fe
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Total integrated Weekly luminosity [fb~1]

Recorded integrated luminosity

Belle Il Online luminosity Exp: 7-42 - All runs

Integrated luminosity
B Recorded Weekly

20 4 = J Lrecorded @t = 895.06.[FDTL] oo

Achieved milestones:
800

e 2026.03.19: highest instantaneous
luminosity ever achieved by a particle

600

* 2026.05.17: Belle data set surpassed by

Total integrated luminosity [fb~1]

400 Belle I, now world’s largest
Belle (1999-2010) Belle IT (2019 — till date)
200 Luminosity

o

) ‘gtotal =1 ab_l

° gT(‘lS) — 711 fb_l ° JQY(4S) = 757 fb-1

Updated on 2026/06/15 21:27 |ST KEK Pl‘eSS Release
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https://www.kek.jp/en/press/202606051400

T LFV decays

New physics scenarios may enhance t LFV decay rates to be of the order of 10-19 -10-°

Nucl. Phys. B 437 (1995) 491 Phys. Rept. 641 (2016) 1-68
90% CL upper limits on T LFV decays

7-LFV already searched for in dozens of 4107
channels 5.10-5 | 1Y P £S° A% [17] thh BNV
: L 2
1-107% ** o o IS .
. . o T & S Rad = 2023
Belle II has just started to contribute to ~ 4.59-6] & o :
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1 L 2
this area 2.10-. s soe ote PR N
1-10-6{ ¢ o
Recent Belle/Belle II results for t LFV 7 £
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The potential of T measurements

In the CMS frame, ete™ — 7717~ events produce two 7 leptons with
back-to-back momenta

Well known 1nitial state
E; = El;keam = \/E/Z

Decay products of each T decay are isolated from others and
contained in opposite hemispheres using the thrust axis

i
| T'| =max(zl—)

p | pil
Precise reconstruction of missing mass and energy

Clean separation of 1-prong and 3-prong decays

Ideal for precision SM tests and LFV searches
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* Invisible neutral particle @ can be interpreted as an Axion-like particle (ALP)

Search for an invisible ALPin 7T - | «
 prong and JHEP 08, 155 (2025)

3-prong decays hg,

» DM candidate, LFV process mediator

Belle II search (62.8 tb!) [Phys. Rev.

> Belle analysis (800 fb!)

O

O

Used 1x1-prong and 3x1-prong topology

Signal side: 1 lepton track
Tag side: 1- and 3-prong hadronic decays

Pseudo-rest frame approximation

Lett 130, 181803 (2023)]

Tau can’t be boosted to rest frame due to missing

neutrino final states in T decays
Approximate assumptions:

E; R‘\[§/2 ﬁT ~ =

Dominant background: 7 — fvv

Ptag

Improved lepton momentum resolution by exploiting the opening

angle between the 7,4, and hy, g4

Search for a narrow resonance in lepton momentum
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D Search for an invisible ALPint - { «
JHEP 08, 155 (2025)

* No evidence of ALP production in lepton-flavor violating decayst~ = £~ a (£ = e, u)

* 95% CL upper limits on B(t~ — ¢~ a ) are calculated, improving the previous Belle II measurement

B(tT v e a)<(0.4—6.4) x107* B(t T »pu a)<(0.2—-3.5)x107*
limits set in o mass range 0.0 GeV <m, < 1.6 GeV
-3 —3
4:;:-1-[}-"'|""l"l"'l"'|---_ 45:;:1[}II||| 1
35 Belle - Expected UL : 4+ Belle - Expected UL =
E . Expected UL + 1o . 35F y Expected UL+ 15
3| L=2800fb B Expected UL £ 26— P L =8001b B Expected UL + 2o §
B 55F g5er oL UL — Observed UL 4 B S3F gee oL UL —— Observed UL E
S — Observed UL atBelle I1{  3- o gL —— Observed UL at Belle 11
T of [PRL 130, 181803 (2023)] ’[‘ ~E [PRL 130, 181803 (2023)]
A E I E
m F 1 o 15 E
: E it -
0. Sty ™ E 0. 5 e =
- < —— S TS o
P e - i L N N M ' o
% 02 04 06 08 1 12 14 16 % 02 04 06 08 1 12 14 1.6
m, [GeV/c?] m, [GeV/c?]

Updated Belle II measurement, based on a new method, is coming soon  PRD 102, 115001 (2020)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001

Search for LFV 1t~ - u™
to be submitted to JHEP

 Predicted branching fraction of 7~ — u~y is of the order of 10-1° — 10-® in new physics theories
JHEP 05, 013 (2007), PLB 566, 217 (2003), Nucl. Phys. B 649, 189 (2003)

« Current best limit by Belle with 988 fb-! data: B(t - uy) < 4.2 x 1078 JHEP 10, 019 (2021)

« 1x1-prong event topology measurement at Belle II using 428 fb-! data

Signal: T~ — u~y, tag: 1-prong inclusive with muon veto

* Background suppression with GBDT
— Improved efficiency and background suppression w.r.t Belle

Belle II preliminary [ £dt =428 fb~!

" Bl ete” —qq(q=u,d,s,c)
= 50% increase in signal efficiency S B ete- —BB
= 80% decrease in background rate e eTe" —Fo7e
2 ete” — ~+ hadrons
» Use sidebands to derive expected background in signal region £ B o6 —etenTia
p :ﬂ e ( —)l |
) L
1 1 / . Bl cte -7t
* Search for signal in 2D plane of M. — AE 2 15F . H H [ 7% s e
\5 LU Peoey “#* +++ +++ H++ ++ + 4+ Data
2 05F . MC stat. unc
MS _CMS o a : ; 7. MU stat. A
Mpe = \/(Ebceam (|P.tw |) 0.0 o.z 0.4 06 10
GBDT output
MS MS
AE AE (ngy Ege:—lm)
— s NG
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https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019

Search for LFVT™ - u vy
 Extract signal from unbinned ML 2D fit to be submitted to JHEP

= 15.7£3.4 background events expected, 18 events observed

* Fit result for signal is consistent with zero

= Set 90% CL upper limit:

B(t - uy)®® < 5.8 x 1078 B(t > uy)°”* <9.5x 1078

* Belle II measurement is statistically limited

* higher efficiency and lower background rate than Belle 2 7F 4. 3
e expect better sensitivity with 1 ab-! A e A
— 5:— —~—
Belle II preliminary [ £dt =428 fb~! 2 )3 —— 1 @
T i [4)] - @
s MCrr—apdy 1 = - =
0.04 : [ ] Data : : W 3:- | ‘ S w
----- Fit region : : C
---- Hidden region : ! 21— L it L LLLLLE L
0.02} £ T I " 3 'I J. .
I{) - IF : n . Z._;JJ ‘|._._L|.".‘.1.~?-.|_. I (1ot I
Z 000} o . . N B - e 7 W T B/ B B TR M W
m L e . M, [GeV/c’]
q ; -_ ) —__’: ————————— .:....... =4 =
0.02 L : : : &3 J # a
[ i i : : 1
-0.04 sideband | signal i sideband L ‘Lllk* """ | i
ial 1 Lol o Las s 1% i )
160 165 170 175 1.80 185 190 1.95 3

M [GCV/CQ]
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— _, pFptp-
% —
Search for LEFV T e {1 JHEP 12, 169 (2025)

T~ = et ¢t ¢~ decays include three final states in which LFV is violated by one unit (e "e*u~, e"e*e™, and e~ u* 7).

The decay rate of these decays can be enhanced in models such as Type II Seesaw and could make possible to probe axion-
like particles viat~ - X€~, X — £1¢£~

Previous Belle measurement B(t~ — eT#%¢7) < (1.5 — 2.7) X 1072 at 90% C.L with 782 fb"! data. PLB 687, 139 (2010)

Belle 1I performed this search with 428 fb-! data - m— it region Belle IT simulation
using an inclusive-tagging method as used for 3u 05 [ Blindregion L L
final state.

10°

104

Search for signal events is performed in 2D plane

consisting of M,,, and AE . 103

102

AEEEE [GBV]

ABe = By — /3/2
For signal M,,, peaks at t mass and AE,,, peaks at 10
Zero.

1.4 1.6 1.8 Y
M. [GeV /c?]
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< Search for LFV 1T~ » et #X ¢~ JHEP 12, 169 (2025)

* Extract signal from unbinned ML 1D fit [ meifeamoat o poee el [eao ol
NU : — .I!::i.;m -;' |I;:|:] FIF Nu :— — ‘.::7:.;”“ -;' 'II;::J FIo¥
= Signal PDF is defined as an asymmetric double sided crystal ball 3 s} 3
. =2 | o 1
(CB) function g, 2.0
= For background PDF, an exponential function 1s used 5 L
0 - - - - N i i n.- . . L] L F F 5 i
14 1.5 1.6 1.7 1.8 1.9 2.0 1.4 1.5 1.6 1.7 1.8 1.9 20
Pbg (Me{)g) = A. eXp(Cbg. Megg) M, [GeV/c? M, [GeV/c?]
Ll etplet Belle T [ £ cdé= 428 ! Ll et Belle T [ £ di= 438 &
= Expected number of events Neyp are obtained from fit to the o 8F I i I — e T
sidebands 3 of 3 of
* No significant signal events are found and the upper limits are § ) E ‘s
calculated at 90% CL E 2f LL £, J MM
= &
Nexp  Nobs Cre B(107%) BUE (1075) BUE (10%) o s VR 7
eetem | 61733 5 052738 0 27 25 “"“"”Z i
e"etpT 121770 12 —0407 08 0 2.1 1.6 v °F e ¥ =
= 5F
e-pte” | 105751 17T —20907 0% () 1.7 1.6 g af
popte [ 200770 18 250770 0487 1.6 2.4 s :
) r 82
poetpy= | 75100 9 —0.3471 53 () 1.4 1.3 &)
ﬂ:

1.6 ]? ]H IQ

° . _ _ _ . .Ih
More stringent than previous searches for all modes except the T~ — e u*e™ final state o Moy [GeV/c?l
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Leptoquark, Little Higgs with T-parity and type I-III seesaw

= Previous best limit by Belle using 427.9 fb-! data

B(tT > e 1) <92x1078
B(tT->pun)<92x108

PLB 648, 341 (2007)

4 orthogonal searches at Belle II using 427.9 fb-! data

= Signal:t > {e,u} x (n > yy,n > n*n"n’

= tag: l-prong T decay
Search in 2D plane of M, — AE

Background estimation from sidebands

= 7 — yy: Bhabha background suppressed by GBDT estimated by counting

method

= 71 - ntm 0 cleaner channel, expected background estimated from 2D

unbinned fit
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Candidates per 0.05

|
8
6

Search for LFV 1~ > {™n

In LFV = - ™ decay mode, different kind of NP may contribute:

to be submitted to PRD

™ = e (= ata ')

— 42035 box — Extended Signal Region

ia 15 16 17 18 19 2

M [ GeVic’ ]
Belle Il Preliminary [Ldt=427.9 1"
PR 2SR AR BRILEY SEAALE REREY RA R BB AT RARSY LEHE
- — u | = yy| ¢ data [ signal
sideband region -1’1:- Claq
BEutu [CJothers

7z stat. err.

0 01 02 03 04 05 06 07 08 09 1
BDT output

14


https://www.sciencedirect.com/science/article/pii/S037026930900046X?via%3Dihub
https://arxiv.org/abs/0906.5454
https://arxiv.org/abs/0906.5454
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003

Search for LFV 1~ > {™n

No significant signal observed. Set upper limits at 909% CL to be submitted to PRD
_ _ _ = = -8
B(t— e 1) <9.21x10°8 B(t" > un) <4.23x10
Limit on e channel comparable with previous Belle results
Most stringent limit on p channel.
|T — e n(— vy) [uon = a27.9 m* L L/ L S F:'-F:r-}| Juon = a27.9 1"
= 1F — 205 box - Data < osbE — 2705 box - Data
& os (a) — Signal region [l Signal MC 8 o6l (b) — Signal region [l Signal MC
= 06 — 06|
g 0.4 Belle I Preliminany g 0.4 ;__ Belle i Preliminary
0.2 . 0.2
0 L. of G L
5 sl
08 pod3
P N T T 0.8 = T
1.5 1.6 1.7 i8 1 E cg 1.6 1.7 iB8 c}
- — e — M Gevic? | - —D M [Gew ]
T — e n(—= T T ]| fom=a27.0 02 | rT = u e rtrw ]| fom = a27. 002
- - — +205 box = Data = . — +205 box * Data
E 081 (€)  — signairegion Ml Signaimc E 04 | (G} —Sunairegon MESignaimc
w % F [setien eretiminary m - | Bette nn Preliminary
N : < 02| .
0.2 |- g d
o oF |, b ; |
-0.2 | oz | ° . "
—0.4 :— = : - 0.4 :_ - P = : . .-'=‘ °
L & - - - - -
0.6 wi . PP PP B B T M N R TP s L sl
165 17 175 18 185 19 165 17 175 18 185 19
M [ GeWic? | M [ GeVic® ]

19/06/2026

Recent LFV decays at Belle and Belle |l

15



19/06/2026
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R(D*)

0.35

0.3

0.25

0.2

Why B-decays

Recent experimental anomalies in b-transitions. Is there any new physics?

b - ctv b - svv
L] I Ll Ll 1 Ll l 1 1 ' L) L) 1 I 1 L) L) 20
A 68% CL contours i -
[ [___cmz025 J =
e oy P x
B - —_—
- - I:ﬁ.
2, \ Belle” < i ,:_.,::‘
3

£ ‘\ = k: ].[]
B LHCY T
= \ S £ N\ = B LU region
=_- \ T == A m EFT region
e - \_J/ ™ — B excl B(B" = K
A Belle I d 9 B(5"~ Ku)
— R(D¥) =0.254+ 0.005 R(D) = 0.358:£0.024,, - B(B" = KWvb) g
C $LQCD FLAG24 (NE=2+1 for R(D¥)) R(D%)=02812001% ~ ¢ su
i R(D) = 0.2938 + 00054 gt - .
[ 1 IR[D? £ 0'21582 1;0.00.':' 1 1 | PI(X-) T - /:j | 1 1 1 J U : . 1 1

02 03 04 05 0 10 20 30

R(D) by L) 108
HFLAV (CKM2025) B (BT — K'vr) - x10
PRD 109, 015006 (2024)
B(B » DYty B(B—-Kvv
R(D®) = 2 ) B2MW) 5.4 +1.5(2.70)
B(B - DX ¢v) (~3.00) Bsmu(B—Kvv)
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» Search is motivated by recent anomalies observed in semi-leptonic B decays:

b — d; ¢’ transitions (d; = d, s)

= Particularly in b — ctv transition

= b — svv excess and reported branching fraction B(B* —» K vv)
= (2.3 £ 0.7) x 107>, which is 2.7¢ away from SM expectation,

by Belle II.

* Starting from the B* — K*vv excess, theory predicts an enhancement of B (B

— Ktu™) to [2,3] x 107°, which is close to the experimental sensitivity.

Phys. Lett. B 848, 138411 (2024)

Recent, Belle & Belle 11 results

B - X1t
> X = K°

PRL 135, 041801 (2025)

> X = K*° JHEP 2025, 184 (2025)

> X=K"

19/06/2026

PRL 130, 261802 (2023)

By - tf
>» X=s5

Recent LFV decays at Belle and Belle |l

Final states with 3rd-generation leptons
(#¢" = te, Tu ) are connected to many
scenarios explaining the ‘anomalies’.

|:> is a unique probe!

JHEP 2023, 178 (2023)
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LFV in B decays

Plot from Gaetano de Marino
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» Limitson b — st & b — dtr/ are much less precise 9(10-5).
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B-tagging for missing energy modes

* B meson decaying final states with T = missing energy (E_. ) due to neutrino(s)

miss
= [Initial state 1s fully known at Belle II
» Hadronic tagging: fully reconstruct the other B meson in a known hadronic mode

= Result: Excellent E_, reconstruction for signal-background separation

e *Full Event Interpretation (FEI): Multivariate
Hadronic tag

0 . )
. R — B / B D % High 4 Low algorithms reconstruct the tag-side B meson
S e /*— Y(4S)—'< - ~10% 0(0.5%) (B tag) with high efficiency.
+/ Tfu

by I&adronic decay
modes
e m ftw Bi 3.6 (2019
e T Displaced Neutral
) ; / Ve rai_? Vertices Clusters
Semileptonic tag B B Do Purity Efficiency | ; — s = "
» Reconstruct Biag — Y(45) —< : 6" | B | BK | K p K} ',
by semileptonic / o= < < \ y : —
decay modes €+/ ~J \ ‘ o [ = =
. U Y B |

Inclusive tag B / B <1% 0(10-100%) I\‘i \/ D> o |
» Use information — Y(4S)—< Low High G [/
about rest of event / AW v v D" D" D, AC_;
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Search for LFV decay modes B? — Xt ¢+ (¢ = e, p)

A

f /

» Search is based on 711 fb-! Belle data and 365 fb-! Belle p— ) T/“N< — ? I;P““W<
IT data. P \\ v B . \\m
\ 5 \

4

* Analysis strategy: K?
d d

* Fully reconstructed B;,, using the full-event interpretation B® - KJ7¢* (SS, mode) B® — K%*¢~ (0S, mode)
(FEI) algorithm  Comput. Software Big Sci. 1, 6 (2019)
BO N K*Oti£$ BO - Kgfi’€$

t. = fvb, m, p(na*,n < 3)

V\ 0
yA'"'T T
-G
\ K(*)O - 53 +
20X B

= Control sample of B - D™t is used to calibrate Biag efficiency
= The B® - D} D~ sample is used to calibrate the signal PDF and BDT selections.
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Search for LFV decay modes B® — Kot ¢t (£ = e, p)

PRL 135, 041801 (2026)

No significant signal events are found in the

fit to the M, spectrum

The 90% CL upper limits on branching

fractions are calculated:

B(B® - K2rtpu~) < 1.1 x107°
B(B" — q'T “pt) < 3.6x107°
B(B" — K%rTe™) < 1.5 x 10‘*‘

(
B(BU

First experimental search for B® - K

Belle/Belle I1 data

19/06/2026

K2 et) < 0.8 x107°

07+ pF with

[ Y
=2 M

Events per 50.0 MeV/2
o @

3% ]

B’ Kirw

[ Belle+Belle Il preliminary
E |Ldt = 7114365 fb”
b N, = -1.8£ 3.0

- Data

— Global fit
-- Signal
- Background

s AN ARAREL ATWAERT AN
] ||..||.:.Il':||.||..||.|-|.

1 1.2 14 16 18 2 22 24

M, (GeV/?)
B’ I{f'_;l:'e'

- Belle+Belle Il preliminary - Data

E | Ldt = 7114365 i —g_'“bﬂl' it

Fe igna

Mg = 12224 Background

: [ I | 4 I J 4 l .+! i+!

3 +-|-----.-|- -|!|“|-4?|-‘“:er |-|-|-l:-|-|--|-|-;-|-|:.:

1 1.2 14 16 18 2 22 24
M, (GeV/c2)

Recent LFV decays at Belle and Belle |l

B I'-'th'p*
%12 Cgan imi D
L | e+Belle Il preliminary = Data
Em; Ldt = 7114365 b _g_'ﬂbﬂl' m
L -- Signa
o [ MNg,= 26835
= o Background
w M
b= L
@ |
Qg
2 1
A
S 47
w |
2f
u P '] I I il
1 1.2 14 16 18 2 22 24
M, (GeVlcd)
B I{gt'e
._"H_J1E Belle+Belle Il preliminary - Data
E" JLdt 7114365 f” —g_'ﬂbﬂl' fit
: igna
12 F Myg=-2%£20
s <F Background
10+
S 8f
£ 6
S 4
w
2]
_alk P ! M P

1 1.2 14

16 1.8

2.2 24
M, (GeV/c?)
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i=d Search for LFV decay modes B°

Only null results. 90% CL upper limits on

branching fractions are calculated:

B(B" - K*0rte™) < 2.9 x 1077,
B(B" - K*'77¢e") < 6.4 x 1077,
B(B® = K*7 ™) < 4.2 x 107°,
(B = K*r ™) <

More stringent upper limits to date for
the electron modes

19/06/2026

5.6 x 1077,

Entries,/0.050 GeV /e*

B" K" e

15.0
[ ——— Signal
125 F Fackgroun:d
f —— Total fit

- * Lk

Entries /0,050 GeV /e”

M. [GeV/e?

a5 Y= Kt

———— :":i;I (1 |
=== Barckgrommd
—— Taeal ft

+ Duaria

200

L5

10
5
1 P u
J"I -
I Y R e T L L T el L LT P T ST ST LY L L

Entries/0.050 GeV /¢*

1.4 1 G 1.5
M [Gt".'\.-'-l.-'ln:':!]
Recent LFV decays at Belle and Belle |l

K0t ¢t (£ = e, n)

JHEP 2025, 184 (2025)

a0 B — K™e et Belle | £af =711 fiv!

=== Hignal

=== Backgronnd
15 Tatal At

t [Data

15 1) B K% Belle [ £d 11§l
wb

[ -== 5"\-||_I|||:-|
125 F Binckgroum:d

L —— Total fit

L0000 .:_ + Dala

M, [GeV/e?]
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<> Search for LFV in Bottomonium Decays

BELLE
* Searches are based on 158 million V' (2S) events collected by the Belle experiment
= Y(2S) - ¢¢":

= probing the vector and tensor operators of the effective Lagrangian for NP. (PRD 94, 074023 (2016))

Experimental Limits on CLFV Y(2S) Decays

BaBar Preliminary

Int. J. Mod. Phys. A 41, 2630011 (2026)

uT

er

EEE Belle
w BaBar
B CLEO
- | | ll]l‘E | | | | S ‘10"5
Belle Collaboration JH EP02(2024}1 87 (2024) 90% C.L. Upper Limit on Branching Fraction
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https://indico.cern.ch/event/1537617/contributions/7010241/attachments/3290121/5882587/BEACH26_BaBar_LFV.pdf

D

D Search for LFV in Bottomonium Decays

BELLE

* Searches are based on 158 million V' (2S) events collected by the Belle experiment

= Y(1S) - £ via Y (2S) » ntn Y (1S):

= probing the vector and tensor operators of the
effective Lagrangian for NP. (PRD 94, 074023 (2016))

e

I

e+

L
= Y(1S) - ()¢ viaY (2S) » nTn~Y (15):

first study of three-body radiative LFV.

= Complementary access to NP (PRD 94, 074023 (2016))
[JHEP 05, 095 (2022)]

JHEP 05 2022 095 (2022)

Decay UL (90%CL) CLEO result
Y(1S) = e=pFT  3.9x 1077 =
T(18) = p*rF  2.7x 1076 6.0 x 107

T(1S) - eXrF  2.7x 1076 —

(Our ULs are the most stringent to date! )

Decay UL (90%CL)  Previous result

T(15) = veTput  42x 1077 —
Y(18) = yp*rF  6.1x 1070 _
Y(1S) = veErT 6.5 x 1076 a

We have searched for the first time!

19/06/2026 Recent LFV decays at Belle and Belle Il
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<2 CLFV decaysin y b](lp) decays .ixiv:2603.10818 2026)

* CLFV decays in ypo(1P) decays provide a low-energy probe of CLFV in scalar sector
v' complementary to direct searches for CLFV in Higgs boson decays

* CLFV decays in yp,; (1P) and yp,(1P) are for axial-vector and tensor particles, respectively.

« Search is performed with a sample of (158 + 4) x 10° Y(2S) mesons, where a sample of y;, j(1P) decays is selected from
Y(2S) — yxp; transition.

Analysis strategy

Signal mode (LFV) e Control modes (SM) o

€ et

S E—

@ Recoil mass against y; system

ﬂf}ﬂ?coi] — \/(Ee+e_ _ E}()2 — (ﬁe"'e_ _ﬁX)Q:
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e CLFYV decays in yp;(1P) decays .ixiv:2603.10818 2026)

Control mode validation: agrees with PDG with 10-20%

Belle preliminary [ £ dt = 24.7 fb~! at T(25) Belle preliminary [ £ dt = 24.7 fb—! at T(25)
(- -t Data - { Data
E 2000 :_ ———— X,H"}(]-P) ete” —}’}”:{e"‘e_ E 4000 :_ o }{H’}{].P) _},.}_.,_H_L+“—
o [ o Xb1 (1P) o : - Xb1(1P)
o~ [
= 1500 [ —— xu(1P) S 3000F .. y,,(1P)
= 1000 [ Background =3 [ [ 1 Background
~— | —— Total ~— 2000 ___ Total
2 ol £
¢ 900f £ 1000 |
Lﬂ = m i )
D 1 PRI Lt | 1 i a2 P D U - L T
— of 5
E ottty Ry L —
0.825 9.850 9.875 9.900 9.925 9.950 = e e T ST T =

M '{ﬁcoil [GEV] Mfﬁcoil [G EV]

Product branching fraction: results shown in table includes

statistical uncertainty only Decay | T(2S) = yyee” [T(2S) = yyp'p”
v J=0] 0.175+0.018 | 0.147 +0.010
B(T(25) — qyete) = — 1 J=1] 517940056 | 5.912+0.041
Ny(ag)€106 J=2| 2.799+0.058 | 3.267+0.037
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<O

BELLE

CLFYV decays in yp;(1P) decays .ixiv:2603.10818 2026)

CLFYV modes searches:
- Fit to MJ¢°° distribution for the signal yields for x,;(1P) - e*u?
«  fit to M}¢¢°" and M;ffloil distribution for the signal yields for y,;(1P) — pErt
xpy(1P) > ¢x7¥

Belle preliminary [£ dt =24.7 fb! at T(2S)

Xpy(1P) - etp*

Belle preliminary /£ dt =24.7 fb—! at T(25) Belle preliminary [ £ dt =24.7 fb~! at T(25)

201 }  Data S { Data . { Data
i - C T — < [ === Xw(1P) ete™ et Z [ ---- xw(1P)
15 g ete” 2yeTu¥ !------' xoo(1P) (“'2 ol e :M(]p) &) 20 . :M(IP)
! L (1P) & gL = wallP) 3 —— x2(1P)
4%: : C_ "1 ya(1P) S - 1 Background 9\/ ] Background
I:_E 10 :_ [ Background g . — —— Total “ % 10 — Total
| = T I F L
ar | B9 111 4 . ‘" L e : 0 p- - +
' s ' 5 5
ﬂ " " 1 " " " " 1 M " M " 1 j"'r'—r'—.'_f—'.—'.—'l. il E : E 0
982 984 986 9.85 990 9.92 20825 9850 9875 9900 9.925 9.950 - 10 15 20 25
) ) . ﬂ.ﬁfcﬂﬂ [Gev] . ' ' M‘lﬁc‘oil [GeV] . . M‘t:z:nl [GeV]
No significant signal observed from simultaneous fits to all three spin states
Dec: J=10 J =1 J =2 Correlation coeflicients
ecay e BR UL « BR UL e BR UL Cni [Ciz| Cao
Yo (1P) = eTpT [28.7] 1.2+ 1.3 [4.0[31.2] 0.0£1.3 [ 1.5(29.9] 02+0.8 | 1.8 [—0.0065|—4.1] —0.51
xeg(1P) — etrT 120.8/14.0 + 18.0(41.0(21.4| —13.0 £ 8.0[13.0({20.4| 9.0 + 12.0 | 26.0| —6.0 5. | =330
Xos(1P) = p 77 [31.9/11.0 £ 10.0(28.0(33.7| —=8.0+£5.0 | 9.0 [31.5|-6.04+5.0 9.0 | 53 |82 | 4.2
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S CLFYV decays in yp;(1P) decays .ixiv:2603.10818 2026)

BELLE

Constraints on Wilson coefficients from y,;(1P) - £¢':

' 3 n n - _1
((’:‘gilfz )2 X (ngfg )2  16mm Ty B(x > £1lo) Belle preliminary [ £ dt =24.7 fb~! at T(2S)
A? A?  GEf2mEm? (m2 — m? )2 R
bR 201 et Xpo(1P) — ep
Hazard & Petrov, Phys. Rev. D 94, 074023 (2016) = 0 Xpo({1P) — et
|
'.?--; 10 | C_ i xpo({1P) = pr
O,
The regions outside the circles are N..g_-j {0 :‘: ;
excluded from the results of this e J e
analysis :_-;T e -
o L
O —10F
PR I TR T T TR [N TN TR TR T NN SR T S

~10 0 10 20 30 40
Conf? /A2 [GeV—
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https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023

Summary

» LFV decays are sensitive for new physics beyond the SM

» Both Belle and Belle II have reported several LFV channels from 1, B and bottomonium decays.
» No significant signal observed in any channel (all results null)

» Most results improve upon previous Belle limits; several are first searches.

» More results are expected with the full Belle II dataset (target: 50 ab!)

19/06/2026 Recent LFV decays at Belle and Belle Il
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Thanks!

Recent LFV decays at Belle and Belle |l
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