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Deviation of b — c¢£v from SM predictions
indicates the violations of lepton flavor
universality (LFU).

Recent evidence of BT —» K™vi witha2.70
deviation from SM and the measurements of

b — sCt processes enhence the possibility
of physics beyound SM.

Models describing LFU violations predict the
enhancement of lepton flavor violation
(LFV).

LFV processes are deeply suppressed in the
SM and give potential access to new physics
beyond SM.
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e Belle (1999 - 2010):

- Integrated Luminosity ~ 1000 fb~!

e Belle Il Runi1 (2019 - 2022):

- Integrated Luminosity ~ 424 fb~!

e Belle Il Run1 (2024 - Ongoing):
- Integrated Luminosity ~ 150 fb~!

- Peak luminosity 5.1 X 10°*cm™

Belle Datasets

Total integrated Weekly luminosity [fb~!]
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Resonance Energy (GeV) Luminosity (fb~")
AER  LER /s

T(19) 71511 3.1286  9.4603 6

T (29) 7.5750 3.3141 10.023 25

T(39) 7.8262 3.4240 10.355 3

Y (4S) 7.9988 3.4995 10.579 711

Y(55) 82150 3.5941 10.860 121
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Belle Il Online luminosity Exp: 7-35 - All runs

 Integrated luminosity ' - 600
B Recorded Weekly

e[ £ Recorded dt =575.47 [fb™1]

u
o
o

- 400

- 300

- 200

100

Y (45) ON OFF
Belle 711 b=t 90 b~
BelleII 575fbh~ ! 42 b~ !

University of Cincinnati 3

Total integrated luminosity [fb~1]



Study of LFV in Belle (II) experiment

<y o - T g / ey . - T g o -, ., - e

e The Belle (II) experiment provides a clean

environment for precision measurements. . .
e MVA-based tagging algorithm.

e LFU/LFYV searches often require missing energy

techniques. Full event interpretation (FEI) e Hierarchical approach to

algorithm provides the information of missing reconstruct thousands of
particles. decays.
e Plenty of LFV searches are possible in decays e Btagging efficiency

of 7 leptons, B mesons, Bg mesons,
quarkoniums, etc.

N

8
[ Tracks [Displaced Vertices} [Neutral Clusters
4 4

. . . [e‘l' "u'*'J[K-"J 1r+j Kg Y
e Topics to cover in this talk:
I .
- Search for B —» K Y77 [arxiv:2505.08418] K
3 D’ DT D,
- Search for B — Kgfif *+ [arxiv:2412.16470] DD D;

- Search for y,,(1P) — £;"¢5 [New]
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Search f()l‘ B 0 — K *Ofif + JHEP08(2025)184

Motivation: A ’

— Previously, LHCb experiment has reported results
for B - K% u=(z=u*) < 1.0(0.8) x 107. LQ
JHEP06(2023)143

S
A
|
A
W

— There were no existing results from B-factories.

] K*
Analysis strategy:
\\ S K

— This analysis uses full Belle and Run1 data from Belle L. - I Bsig
- -+

— The tag side B meson is fully reconstructed using
. . e e
hadronic tagging method. > Y(4S) <«

— The signal-side 7 lepton is reconstructed inclusively,
requiring 1-prong. Btag

ﬁfz_ﬁBtag_ﬁK*O_ﬁf ET=Ebeam_EK*O_Ef' /

tag side

Sourav Patra (patrasv@ucmail.uc.edu) University of Cincinnati 6


https://link.springer.com/article/10.1007/JHEP06(2023)143
https://link.springer.com/article/10.1007/JHEP08(2025)184
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SearchforB — K V£~ JHEPo8(z025)184
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Belle + Belle II 1076fb~!

Belle preliminary [ £dt=711{b"!

o B, requires My greater than 5.27 GeV/ c?.

150
. . - --- B> D D
e Dominant background: " 125 b Dy
= [ Background
* — ¢ [ otal fi
- forKt ¢*:B - Dfv,D — Knn S T
S 75}
* — & - i
- forKt*¢™:B - DX,D — K v sl
o« o . E 25:
e Boosted Decision Tree (BDT) is used to suppress the = |
remaining background. 0

Mecoil [GGV/C2]

. %k
_ Variables used: K 7 vertex, Fox-Wolfram Belle II preliminary [ £dt — 365!

40

moments, rest of the events, other masses and [ -—- BoD D'
¢ N{  -—— B D* DS
momenta. > 30 --- Background
8 I Total fit
kY %k
o Control modes: B® - DD~ D} — K°K*/pnt 1 |
27
- Used for validation and BDT correction. 3 103
—
45 I
OE .==.:t:::j:-r' —————— e i |--“——:::?-1=:-;
1.7 1.8 1.9 2.0 2.1

M econ [GGV/C2]
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https://link.springer.com/article/10.1007/JHEP08(2025)184

SearchforB — K V£~ JHEPo8(z025)184
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fit the Belle and Belle 11 d imul l lle + Bell 1076fb~!
e We fit the Belle and Belle Il datasets simultaneously. Belle + Belle 11
20 B s K*0;— et Belle preliminary [ £dt=711fb"! 150 BY s K0+ e— Belle preliminary fﬁdt: 711 fbt 150 BY s K*0— I + Belle preliminary [ £dt =711 fly! o BY s K0+ wo Belle preliminary [ £dt=711fb"!
-- Signal E === Signal E --=Signal --- Signal
o -== Background U 125 - -—- Background L 12.5 F -—— Background %, -- Background
; 15 | — Total fit ; E —— Total fit § b —— Total fit § 207 — otal fit
) t Data © 10.0F t Data © 100F t Data 3} { Data
@) S L O UL @} 15k
2 2 15 2 sl 2
3 10 S 7.5 g S 75 3
S S 2 : S : S 10f
2 Z 5.0F % 50F 7
Lo 3 ! et ! 2
g i) ; 2 i £
= = 25 = 25 = °F
= SHE = &
0 0.0 t 0.0 Ob=r=t=r=gegegea=="? |V —repeperer o=
14 1.6 1.8 2.0 2.2
M, [GeV/c?]
2 BY 5 K07t Belle II preliminary [ £dt =365fb! 15.0 BY 5 K07t e~ Belle II preliminary [ £dt =365 fb! 95 B 5 K07~ ut Belle II preliminary [ £dt=365fb" 20 B - K07+ wo Belle II preliminary [ £dt=2365fb"
| -—- Signal E —-== Signal [ === Signal === Signal
0 I ——- Background 0 12.5 F === Background NU 2 [ --- Background NU -= Background
~ [ . o ~ : —_— - 3 * . .
= 15} Total fit = i Total fit ; [ — Total fit ; 15 | — Total fit
[} I ¢ Data [} [ ¢ Data [ [ ¢ Data [} { Data
@ I )} ’ (GR- @
= 2 z "l =
s 10r = S | g 10
= S < wf S
0 [ ) ) [ n
g I 2 2 L B
E O E =R £ 5
= = = or =
@ f = @} @
Ob=z=p=g=cegmqemmm==/ FSoocmcegeoemmomepen- 0E 0
14 1.6 1.8 2.0 2.2
M, [GeV/c?

B(B? - K*'7%e™) < 2.9 x 107° — K*07 ™) <4.2%x107°
B(BY - K*'17et) < 6.4 x 107° “ut) < 5.6 x107°

e In the absence of significant signal events, we provide upper limits at 0% CL.

e First reported ULs for B — K °zT#7 in B-factories.

**Interesting LHCb preliminary result: arxiv:2506.15347
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https://link.springer.com/article/10.1007/JHEP08(2025)184
https://arxiv.org/abs/2506.15347
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Sea]‘Ch f()r B —> KgTi f + arxiv:2412.16470

o The analysis strategy is similar to B - K ’zT¢£7.

8 - Belle+Belle lipreliminary ~ ' ——Data '~ "
o The signal side 7is reconstructed in1-prong = 1. [Lat= 7115385 15 I I
= ! ---B->DD; |
decays. S | Moo=377 =38  Eeckoround |
)
e We use a specific veto for B® — J/yK? 2 |
S S 50
background. a |
e Contron modes: B - DYDY~ D — KKt /¢pn™, L eI T
0 17 1.8 1.9 2 2.1
where D works as a dummy system for Ko7' M.___. (GeV/c?)

e Control modes used to validate of BDT and fit PDF.

— — 2 2 =
M econ = M, = mg =+ M[{Q{ - 2<EbeamEK§)f + |pB

T tag

[|Prgelcos0) [*
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https://arxiv.org/abs/2412.16470

Sea]‘Ch f()r B —> KgTi f + arxiv:2412.16470

e We fit M_ the distribution from the combined Belle and Belle I
datasets. Belle + Belle 11 1076fb™'

e We obtain upper limits at 9o% CL using an ensemble of

pseudo-experiments. e K ] e K
N\<->16 - Belle+Belle Il preliminary —— Data 16 | Belle+Belle Il preliminary —— Data .
%1 al f Ldt = 711+365 fb! — Global fit 014 f Ldt = 711+365 fb’* — Gilobal fit
= I\, cge2a 7 Signal = I8 -p0.00 Signal

o12 - NSig =-29+2.0

B(B® — Kortpu~) <1.1x107° & +

B(B° — KST u+) <3.6x107° & %
( e”) ;
( )

<15x%x107°

H‘\‘H\‘H\HT“J\"H"H\H‘l‘
—_ 1 12 1. 16 18 2 22 24 1 1.2 14 16 18 2 22 24
B BO — KST €+ < 0.8 x 10 5 M, (GeV/c?) M, (GeV/c?)
" 12 B"— Kot ~ 12 B"— Kitu*
S 7 [ Belle+Belle Il preliminary —— Data <> [ Belle+Belle Il preliminary —— Data
2100 f | dt = 711+365 fo” — Globoal fit B10f f Ldt = 7114365 fb” — Gilobal fit
= [(J Signal = VfJ Signal
W .d h fo 1 o 8 '_Nsig=_1'8I o Background e I N5i9=2'6t s L Background
O € provide the Tirst results on S I S 8f
X —+ I N
B — KJt=¢'* searches. g 4 g
sl i # "
i ‘ ..... ‘ ‘ :
N nsanimiliiiii ___.L._.L ....... HoT 2|
[ \ \ i) Ll 1 | NI I T A TP L AR A
1 1.2 1.4 1.6 1.8 2 22 2.4 01 12 14 16 18 2 22 24
M, (GeV/c?) M, (GeV/c?)
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Motivation:

— Several results are available on vector and pseudo-scalar

quarkonium decays. No results are available onscalargg ¢ > | >
decays. |
' 1Q
— Diepton decay of y;(1P) is suppressed in the SM q < ! <

2o0(1P) = 7177 ~ 1.2 x 1071, PhysRevD.q3.055014

— But, LFV y,4(1P) decay can be significantly higher.
PhysRevD.g4.074023

+ /- ew
Searchfory, ,(1P) — fl 5 - - N %

Analysis strategy: ®<' o

— For y, ,(1P) — eu modes, fit M;}ewﬂ to extract the

signal yields.

— For y,;(1P) — ¢,7 decays, we fit M ;f;f’ﬂ in addition to

OPOIA [OIUO] OPOIN AT
Q A\ )/\l I\\IT)}

M}ff’COﬂ for obtaining the signal yields.
— Using 1.6 X 108 Y(2S) decays.

Sourav Patra (patrasv@ucmail.uc.edu) University of Cincinnati 13
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Study ()f 2 J(lP) — yz,” £ New

o Bhabha veto is 51mulated to correct the signal Bai.ie 25fb 1Y(ZS )

ff ete” —yyete” Belle [ £ dt =24.7 b~ at T(25)
e lClenCy. &; L Background
= 2000 === xo(1P) 1 (1P)
. . . . R <) [ e bl(lp)
e We apply the 4C kinematic fit to improve the resolution. © | - ..
S I Total
g i { Data
e Signal yields are extracted from an unbinned fit to ="
Mrecoil % 500 Xpo(1P)
" | 3 3
0
O F
e Our results are more precise than the PDG values. ) S

9.82 9.84 9.86 9.88 9.90 9.92 9.94
il 2
Mool [GeV/c?]

Decay Mode Efficiency Signal yield Calculated BR (10~%) PDG value (10~%)

Xs0(1P) 16.4% 452.8+£45.9  0.175+0.018£0.008  0.176 = 0.035 - _?'Y:g“ - DeloJERZ2TD o TR
o1 (1P) 15.8%  12894.1+140.5 5.179+0.056 £0.228  5.805 =+ 0.581 = 4000 | === xw(1P)
Xo2(1P) 12.8%  5654.8+116.8 2.799+0058=0120 307640308 O I o
2 [ Total
;’/ 2000 t Dua
Decay Mode Efficiency Signal yield Calculated BR (107%) PDG value (10~%) ~
xs0(1P) 28.0% 648.7 +44.3  0.147 +0.01 + 0.006 0.183 £ 0.037 Lfl 1000 g |
b1 (1P) 29.7% 277358 +194.3 5912+0.041+0236  6.023 + 0.602 =k
xv2(1P) 29.0%  14971.6 £168.7 3.267 £ 0.037 £ 0.137 3.192 + 0.319 E (5) ol

9.82 9.84 9.86 9.88 9.90 9.92 9.94
Meeeoll [GeV /c?)
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Searchfor y, (1P) —» e*u™ New

I = - - 0SS
= - P

Belle 25fb~1Y(25)

e Signal yields are extracted from a binned fit to M;lec"ﬂ

for all three y;,;(1P) simultaneously. ete” snetpT  Belle/L dt=24.7 fb-! at T(25)
i B Background
. . . 12.5 F g
e ULs are obtained at 90% CL using pyhf with 5000 of . ; 7 po(1P)
pseudo-experiments. 100 F Sy (1P)
= ; T2 (1P
e We provide the first ULs for y, ,(1P) — e*u™ decays. § s ? gotal
= 50 - ‘ ?
Xos(1P) — e*puT ;
Hiesonance Central value UL at 90%CL 2.5
xeo(1P) (1.2+1.3)x107° 4.0x107° 0.0
xs1(1P)  (0.0+£1.3)x107°® 1.5x107° 982 9.84 986 9.88 9.90 992 9.94
xp2(1P)  (024+0.8) x107°% 1.8x10°° Mrecoll [GeV /e?)
Xp1(1P) Xpo(1P)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
u (POI)
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Searchfor y, (1P) — e*r™ New

o -

ete” = yetrT Belle [ £ dt = 24.7 fb~" at T(25) ete” — yetr¥ Belle [ £ dt = 24.7 fb~" at T(2S5) BELL& 25fb I (2S)

5 20 mmm r(25) > 0 [ ors) - et
N | Bl cte —qq N{ 25:‘- efe” = qq
% 15 —= ;i::;i; % 20;: zz:::;; ete —yetr Belle [ £ dt = 24.7 fb~! at T(29)
§ | T(2S) — others KOD E B T(2S5) — others &; . - Background
S 1 El I e L)
< i ~ 10: 8 15f ....... xb1(1P)
£ 5 ¢ o Rt
0 0 =
5p 5 )
2 o[
75?‘|‘H|H‘|H‘|H‘|H‘|u‘|‘ b 1 LEO ..............
082 981 986 988 990 992 9.94 1.0 1.5 2.0 2.5
Mol [GeV /¢ Mol [GeV /Y g z _________
ol
e Signal yields are extracted from an unbinned 2D fit to T osz osi 9s6 9ss 990 992 004
. . . M}ﬁ‘:‘)ﬂ [GeV/c?]
M}I/‘leCOﬂ and M}l/’legloﬂ for all three )(b](lp) SlmUItaneOUSIY° ete” —netrT Belle [ £ dt =24.7 fb~! at T(25)
— 25 - mmm Background
. R . . Q === xu(1P)
e We obtain the UL using a frequentist calculator with A
== xn2(1P)
thousands of toys. g 15f — T
= [ ata
10}
1P) — e*717 g
Resonance X1 (1P) s 0
Central value UL at 907%CL SR IRIALTISE . e
xb0(1P) (14+1.8) x107° 4.1x107° o
xp1(1P) (=1.3+08)x 107> 1.3x107° L | | | T

sz(lP) (09:|:12) X 10_5 2.6 X 10_5 10 15 20 25

M [GeV/c?]
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Events / (0.0025 GeV /c?)

Pull
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ete = yuErT Belle [ £ dt = 24.7 fb™" at (2S) ete™ — yutrt

40

30 | Y(25) — (70~ g U Y (25) - 0t
| EE e —qq N& | B ctem - gq
| I etem — 7T = 30 | B ctem T
P etem — ptuT 8 - . ete” — putu~
20 | B Y(25) — others Yo | B Y (2S) — others
{ Data \g_/ 20:_ { Data
\ -
10 2 L
= 10p
I = I
i =
; RIWEY
O ) F
S TR W I = TR T T T P | N
0 = 0 :
[ S R N EE N RV R B B g - [ L P R B
9.82 984 986 9.88 990 992 994 1.0 1.5 2.0 2.5
il 2 il 2
M;TCOI [GGV / c ] M;fgn [Ge\/ / & ]

e We use an approach similar to y, ,(1P) — e*z¥ study.

e We provide the first ULs for y, (1P) = u*z¥ decays.

 xes(IP) = ptrT _
Central value UL at 90%CL
(1.1+£1.0) x 107> 2.8 x 107°
(—0.8+0.5) x 107° 9.0 x 107©
(—0.6+0.5) x 107> 9.0x 107°

Resonance

xv0(1P)
xv1(1P)
x»2(1P)
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Events / (0.0025 GeV/c?)

Pull

Events / (0.05 GeV/c?)

Pull

Relle

New

25

o -

~1Y(29)

+ Belle [ £ dt =24.7 fb~! at T(25)

ete™ =yu*rt

30 - I Background
[ === xw(1P)
[ xb1(1P)
20+ —— xw2(lP)
| —— Total
Data
10
() e T .
5:
() frosmmmmn s
_5:.|...|...|...|...|...|...|.
9.82 9.84 9.86 9.88 9.90 9.92 9.94
Mreeoll [GeV /e
e + e — fy,u,i7'¥ Bellefﬁ dt =24.7 fb_l at T(2S)
40 B Background
=== Xwo(1P)
30 Xb1(1P)
: - Xb?(lP)
 —— Total
20- Data
10}
et te L1
5:
0 ettt st M B e
_ 5tk [ R R [ [
1.0 1.5 2.0 2.5
il
MR [GeV/e?]
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Constraints on scalar Wilson coefticients

ij(lp) —)fu:{: ) XbJ(].P) —)f'r¢ ) XbJ(IP)—)[,L:tT:F
Central value UL at 90%CL  Central value UL at 90%CL  Central value UL at 90%CL
xoo(1P) (1.2+13)x107° 40x107° (1.4+18)x107° 41x107°> (1.1+1.0)x107°> 28x 107"

Resonance

Belle
10
2 2 [ .
CINe CI’ lozm, I, B(y — €,¢>) e o
+ = ) : Loo-d xpo(1P) —er
A2 A2 G%f)%m%m%z(m)? —_ ml/%z 2 C,T_| 5 | 1 XbO(lp)—>pﬂ‘
>
<) -
< of @
=
e All the modes are studied for the first time. %’i Z
5t
e Constraints on the Wilson coefficient of ; e
scalar operators are obtained. e 0 . 10 15

Cer2 /A2 [GeV—2]
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Summarry

o8

e We have reported a few recent results on LFV searches in Belle and Belle I
experiments.

o For B — K 7£F: We report the first results on K~ ’zTe¥ modes and first
results from B-factories for K~ 'zu™ modes.

e ForB — Kgfif +: We report the first results on these modes.

o Fory,,(1P) = ¢ 1+ 5 : These are the reported for the first time.
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----- Expected CLs - Median
[ Expected CLs = 16
|:| Expected CLs + 2 &

0.6

0.4

0.2

0.8

—@— Observed CLs
@ Observed CLs+b
—@— Observed CLb
----- Expected CLs - Median
[ Expected CLs = 10
|:| Expected CLs + 2 &

0.6

0.4

0.2

Sourav Patra (patrasv@ucmail.uc.edu)

p value

p value

Study of y, (1P) — £¢5

0.8

0.8

0.6

0.4

0.2

2,/ (1P) > e*1¥

—@— Observed CLs

@@ Observed CLs+b
—@— Observed CLb

----- Expected CLs - Median
[ Expected CLs = 1
|:| ExpectedClLs = 2 ¢

—@— Observed CLs

@ Observed CLs+b
—@— Observed CLb

----- Expected CLs - Median
[ Expected CLs = 16
|:| ExpectedCLs = 2 ¢
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p value

p value

—@— Observed CLs
@ Observed CLs+b
—@— Observed CLb
----- Expected CLs - Median
0.8 [ Expected CLs = 10
|:| Expected CLs = 2 ¢
0.6
0.4
0.2
0
n_sig
1.4 —@— Observed CLs
@ Observed CLs+b

—— Observed CLb
----- Expected CLs - Median

[ Expected CLs = 10
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