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Belle II

Electroweak Penguin @ B factory

Flavor changing neutral currents FCNC occur at loop level in the SM
Low branching fractions (BF) due to CKM and GIM suppression

Look for enhancements in FCNC and LFV due to NP contributions
Third generation coupling

A f(,)+ ’/’{

Final states with third-generation leptons are connected to many scenarios explaining the ‘anomalies’
» Missing energy!
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B factory—e+e_ coIIision at Y (45)

@10586eV
0.09 | r= #(multlhadron)/#(Bhabha)
Y<4S> |
r -
0.05 -
- eTe constrained kinematics and no other particles at threshold 7 t |

» Relatively low-qq background — calibrate by off-resonance data

» Good hermeticity — fully reconstruct events with invisible particles

0 50
Ecm _ MY(4S) (MeV)
15% generation B factory ----1"--> nanobeam scheme  ------------- > 2™ generation B factory

KEKB

o,~5mm

(fb™!) E 24 =83 mrad
1200 T T T ' T . : 7-40 - All runs
— | KEKB collider gy & 1,51 Y(0S): 20fb- S
1000 | | | i 1999-201}]&" N Y(4S) 365’«200 fb-1
eumy 1 o2 1509, (. T e L@ 7+ 600 —
K *, £ fo_r(_ej__ §9tb4 /_/—’/ P
% AT 1[772 M BB pairs | s
- £ / Run2 | °
soo | 1 i t ' 5 10.0 eeeeereeeesenees ‘..‘A.INI......‘ .................. L 400 5
Cf A Rum L) LS1 |
400 - ‘ 5 .3 ‘tapan '1 ‘ g
467 M BB palrS : g‘ {570 SRRSO {| [ | | e oo [ einnessennanend 200%
200 | PEP-II collider 'S £
o 1[199912008] l E ° 2.5 o SR 1 R e S A ST -4 100
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 E o T T T r ! e
: S s i Dai” i ol i

Today's results are based on: Belle + Bellell run1 3
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Belle II

Reconstruction

v/t
+{ By, }oX (4S)
v/t

Clean environment

But low b-cross section o(e*e’ = Y(4S) = BB) =1nb wrt o(pp — bbX) at LHC = O(100 ub)
Need high performance from all sub-detectors and optimised analysis strategies
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Reconstruction —Btag

. Efficiency
Inclusive Tag

e = 0010)%

o , , Purity
Using inclusive properties of B

tag
to suppress background by
exploiting distinct signal features
with machine learning
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Reconstruction —Biag

Inclusive Tag
e = 0010)%

Using inclusive properties of Btag

to suppress background by
exploiting distinct signal features
with machine learning

Efficiency ]
Exclusive Tag
. e = 0(1-01)%
Purit
Y Semileptonic tag D ¢1( 1)
Hadronic tag Dz, J/y K™, DD(Y....
Knowledge of By,
The quality of the B-candidate
Comput Softw Big Sci 3, 6 (2019) — BDT OUtpUt ‘@FH
[ Tracks ] [Displaced Vﬁl'tim] [lel!tral Clusters] Belle Il preliminary
—— 000 | o ol TN e T
| 3 0 7000} + Data
S w0l Prgr > 0.5

o
S 4000 |
hu
» 3000 F
-

o
2 2000 f
L

1ONJ1SU023. 01 S1A9 00Z @SN

1000 |

59250 5.255 5.260 5.265 5.270 5.275 5.280 5.285

v My (GeV/c?)

Mye = 1/ (B, /2 = (p3/c)

beam
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Focusonb — st7

« Belle Il can provide distinctive informationonb — see and b — sy using samples more than five times
larger than those currently available. 12207063071

» Interesting result oninclusive B — X_ £, ¢ = e, u and first Rxsmeasurement will be presented by Zihan

[ ] [ ] [ ] 10
FCNC b — strinvolving 3rd generation leptons
+ __— 7 LR KT [ RD(*)&RJ/‘-P 20
@SM(B —> KT T ) = "10- :’ a “‘- I RD(.)&RJNJ 10
« NP models that accommodate b — czv anomalies predict an o % J = BriBs= ]
% B Br[B-K"11]
enhancement of (102 — 103) 4 W Br{B-Kr]
+ + - . ) ) | Br[Bs—>¢r1]
« Recent B" — K™vD excess, combined with Rpe) constraints, 2
. [PLB 848, 138411 (2023)]
suggest LFUV in T’s BB — KI77) —— ‘ [PRL 120, 181802 (2018)]
- E [15, 49] 1.1 1.2 1.3 1.4 1.5
%(B — K( )TT)SM R /RSM
Experimental Results R
- ® @ LHCb (3fbY)
—~ i @® BaBar(342fb™?)
- = © @ Belle (711 fb?)
I o) O Bellell (365 ™) Three results use hadronic tagging:
o\o X Belle+Belle Il Preliminary (7114365 fb™?)
8 10_3 - b4 X ¥ LHCb Preliminary (5.4 fb™?) BO
i X [PRL 118 251802(2017)] BT -
= K [PRL 118 031802(2017)] 0
[PRD 108 LO11102(2023)] B
104 — | | ' ' [PRL 135 151801(2025)]
)«" Q«" L && Q(;(‘ CKM 2025
Q5 Q?:' 3 7'\{- Q,.‘é' Q;'\{" [251013716]


https://moriond.in2p3.fr/2026/
https://arxiv.org/abs/2207.06307
https://indico.in2p3.fr/event/39055/contributions/170217/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://www.sciencedirect.com/science/article/pii/S037026932300744X?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://journals.aps.org/prl/abstract/10.1103/v1q3-9dy8
https://indico.cern.ch/event/1440982/contributions/6567368/attachments/3136872/5566272/CKM_Ktt_NR_v3.pdf
https://arxiv.org/pdf/2510.13716
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Focusonb — st7

« Belle Il can provide distinctive informationonb — see and b — sy using samples more than five times

larger than those currently available. 12207063071

» Interesting result oninclusive B — X_ £, ¢ = e, u and first Rxsmeasurement will be presented by Zihan
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FCNC b — strinvolving 3rd generation leptons

Ry &Ryy 20
+__—\ _ . ov"0 8 D
‘%SSM(B — Kz717)=~107 RS Kz B Rym&Ry 10
. . = ]
« NP models that accommodate b — czv anomalies predict an % J BriBs~11]
% B Br[B-K"11]
enhancement of O(102—103) 4 ® Br[B->Kr1]
+ + - . ) ) I Br[Bs—¢r11]
« Recent B" — K™vD excess, combined with Rpe) constraints, 2
. [PLB 848, 138411 (2023)]
suggest LFUV in T’s BB — KI77) o= . [PRL 120, 181802 (2018)]
E [15, 49] 1.1 1.2 1.3 1.4 1.5
%(B — K(*)TT)SM R /RSM
Experimental Results R
- ® @ LHCb (3fb7))
—~ i @® BaBar(342fb™?)
- = ‘Q.,‘ @ Belle (711 b))
I ‘o - O Bellell (36571 Three results use hadronic taggmg
o\o o..-‘.' X Belle+Belle Il Preliminary (711+365 fb™) ‘_,---l--I-I---..
8 10_3 - b4 X ¥ LHCb Preliminary (5.4 fb™?) * _) K*O +
] X [PRL 118 251802(2017)] B+ — KTt~
= X [PRL 118 031802(2017)] ,‘
[PRD 108 LO11102(2023)] BY KST T~ NEW!
104 | ' " : ' [PRL 135 151801(2025)]
}«" Q«" WA Q(;(‘ CKM 2025
Q?e Q 7 7'\g A 7'\# [2510.13716]
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Reconstruction —BS|g

Y (45)-

|
/' — B05° K*O X10°
\T‘/' %A%A ANANLALAL 2001 N w548 6:— Belle I (Simulation) EBjED =B_*B‘
T 08 A“‘Aéﬁffﬁ“ﬁﬁum“ A B rare N ILdt:sez.sz“ .d% .u;
a A KD efficiency (data) bosuly 014} []B°- K11 BR=1.0
) i A KID efficiency (MC) 150 o S . 12:
E 0.6 Belle Il preliminary - o o i
g [Lat = 208 fo 100 & - “f;’d‘fgss S o1
$ 04f < = Bkt £ 008
= r . L
5 T mebmee _ g 005
< 0.2 20 Wooaf
- vy ¥ | S 0.02
ob."‘1'"15"2”2.‘5"'3"‘:‘3.5 4§ 45 8 . . 1
Momentum [GeV/c] 46 0.48 0.50 0 0.52 0.54 % 07 08 09 1 1. 1.3
0% @ 7 K6 M(Ks) M(K*z™) (GeV/cz)
E 0 T—>KN~0 7% =t
K$ — mtz~with vertex & mass &
s . . Focus on resonant only
With likelihood based selector momentum-binned, decay length selection
(NN-based in the future) (>98°/o punty) Photon efficiency > 90% (p > 1.5 GeV/c)
o(E)/E =77% (100 MeV), 2.2% (1 GeV)
‘-U- mm BOB°
1.6 [ Belle Il (Preliminary) 1‘ J/(il—:e"e: L 4 p —> T .73:- - ng—
5 | [Ldt= 190 b~ ete~»ete(y) L I BN ul/dd/s5
ECL Barrel + K¢-m*n” - mmis-IDx10 3F 1 B%-K2tt

® 7 prong recontruction:

e*te™ - t*(1p)T¥(3p) - n mis{Dx10 )
D** »D%K-n*)n* - K mis-IDx10

=
[N)

V(O.SG =60< 2.23rad)

1.0 D-
leptonic decays | ] e 22l
° 1-prong decays — leptonic and hadronic final  £e.. &~ 86% |

) 7—-e~0.4%
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p [GeV/c] ' ' © mass ' 110

o
N

e~ ID efficiency, h~ - e~ mis-ID rate
o
oo
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o
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SeaI‘Ch fOI’ BO —> K OT+T and BO — KST T~ 71167 365fb~"

Similar strategy

Hadronic B-tagging with Belle Il and Belle+Eelle Il data

« Consider hadronic and leptonic 7 decays

Most discriminative variables combined in BDTs; transformed outputs used to extract signals

Validated with multiple control samples:

» Background: off-resonance, sample with Bsig and Btag having same flavor; signal: B® » K™J Iy

KO » Background: off-resonance, Biag mass, KO mass+quality & Biag mass sidebands: signal: D~ — Ko~ /p~ veto
S S

90/ 43 b for
Belle and Belle Il run1 data

no { Belle (Preliminary) - [ dt=90 fbo~! Lchy Belle I (Preliminary) - [£dt =365 fb~! T
102 — /a3 - iddss 100 [ g category
B cc B cC
¢ Data 10?2 5B Btag Mass
mm B°B° -
8 § + ¢ Data E
3 S o
o o ~~
= = 2
B10° 210! =
© © Q
@] O >
Q
5 5 2 =0.597
= % 0f—— S — — O — R
g’ 1 J 1 | = . . . 5.270 5.275 5.280 5.285 5.290
- 0.4 0.6 0 8 1.0 2
0.4 0.6 0.8 1.0 Btag MbC [GeV/C ]

Classifier output Classifier output

11


https://moriond.in2p3.fr/2026/

| M. H. Liu | Rencontres de Moriond 16.03.2026

BELLE

Result forBY — K'%*z~and B® — Krtr~
S [PRL 135 151801(2025)]
-------------------------------------------------------- T . . ~
. . . N
Combinations of sub-track from 7 lead to 4 categories .
Belle IT /ﬁdt 365 fb~! N
1
f L/ catecory | ot OOV ann b N ¢ Data
. 1751/ ¢ category* gm0 ™ CteEon so0f casegory O T CAICEOTY | g B0 0% 7 :
] =N | e . I 250 F ¥5)
. = "best sensitivity S0k ol 200 BB :
1 2 125} v 200 F . g .
. 2 100 + 1OFYL 4 300 ‘ 777/, Uncertainty .
| g r . 150 F ——— Signal B=10 2 -
i g MF 100 f ' 200 F ok ¢ .
. 50 F i ; ¢ I
: o5 50 _— 100 & 50 :
: ) — '
2
= 0 - i
- _j-l‘-_—.—-
: &-SE, P‘" "E"*""Er = '
| 0.4 0.5 0.6 ).7 0.5 0.6 .7 ). 0.5 0.6 0.7 0.5 0. G 0.7 0.8 0.9 1.0 :
. n(BDT) :
|
[ |
: UL -3 o, 1
' AB~ < 1.8x107°at 90% CL '
\ ) ° . . .
.. Twice better with only half sample wrt Belle! Better tagging + more categories + BDT classifer... R
~ SO um U NN RN RN N N NN R AN PN N R A R R BN A A R R N R R PN N R A RN N N N R PN N A A R P N R A P N A A P P N AN A P B N A P B N N A P N N N N N W B -
Preliminary, paper in preparation 10 possible combination group in 5 orthogonal categorles
Belle Il (preliminary)
L. Jedt=365 fb?
s, pest sensitivity rf b S — — 7 - sl [
categor —— signal excluded x10 800 | no-£ catego
. 2o hC Ty Category 200 L 11 Category sno presteoery o8 gory
_g o + 7 Belle Il (preliminary) -E 150 Belle Il (preliminary) ~§ Belle Il (preliminary) -_g 300 ; ZZcertainty 600 L Belle Il (preliminary)
" Py 5 200 1 > Data
E 100 . g 100 § | W ‘g 200 S— §4oo -
g + g I g :
50 50 100 ,,,,,,,,,,,,, 200
v I_._ = ()
- 0 L - 0 B = 5 0 ‘ 5 0 ‘ o 0
o o e} o} e
Q1.25 + ©1.25 ©1.25 Q1.25 21.25
. . . © U. @ U.
8 05 A © 0.5 © 0.5 ‘ : : © 05 : T 0.5
0.4 0.6 0.8 1.0 © 0.4 0.6 0.8 1.0 © 0.4 0.6 0.8 1.0 © 0.4 ) 0.8 10 © 0.4 0.6
o4 o4 o4 ©

Combined B < 8.4 x10™% at 90% CL

| ———

S
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+ 4+ _— Preliminary, paper in preparation 711fb~"  365fb~"
SearchforB™ - r7¢ Vr PAperinprep

Strategy
» Hadronic B-tagging & combine Belle and Belle |l data

» On Signal-side, consider only leptonic 7 decays: 7 — evr, T — uvv
2
miss)
- Signal extraction: Poisson-event counts from optimized Eect . 14| epergy of extra-photons in EM calorimeter (ECL)
- validated by sideband samples

» Cut-based approach to suppress backgrounds (D mass threshold, £ momentum, M

- O N N E N N N N E NN NN NN EEEEE W,

e e R e Results
'¢ N P RS
.- D mass threshold cut: . : 12— .
2 \I' % 25 Belle (preliminary) fL R % ; elle II (preliminary) fL dt = 365 iy “
m(KZ) > 1.9 GeV/c s | hw |2 1of " Signa x 10° .
i Q 20 e : I BB 1
. . BB o B 030
Reject dominantD — KZ£v background I8 S ry B 8 oys :
I Gh) 15 §§ S;:::Etlil:g qh) 6k KXY Simulation I
| Q NN uncertainty % uncertainty )
NLJ‘IZOO :_Belle II (preliminary) i I $ 10 _\ ‘ Q@ -
= i J’Ldt=365 b éw I g 3 0
S 1000 |- *-Data g i 5 S i
™ L —Sign}ll x 10° i i % © !
3 800 5L, g T e B = S S © - :
- (BB 8 | 0 I
= o Toe— g I 0 02 04 06 08 1 12 14 16 18 2 .
‘% 600 [ % 3 : Frol [GeV] :
2 m(K'l) [GeV/c?] I |
= |
2 : Belle Belle 11 .
& I Nykg 14.14+1.6+1.9 3.0+0.7+£0.9 I
@) ! | |
V5 1 15 2 25 3 | Nobs L 6 '
' m(m) Gevic] ! B(Bt - Ktrtr~) x 10* —2.71324+2.2 B.173 2 + 2.5 !
" o Obs. (exp.) limit (107%) 0.4 (0.7) 1.6 (0.9) '
* ~ ~ - s ‘ “ N S— & "

Most stringent limit on this channel! Bt < 87x107% at 90% confidence level

— 13
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B*™ — K*vi reinterpretation

‘?\S

‘\l\,

» Reinterpretation method can be applied to test

alternative models o4

Belle Il showed first evidence of decays using

hadronic and inclusive B-tagging with

2.70 deviation from SM

[EPJ 84(2024)693]

« Given the null number density no (e.g. SM)
obtain alternative n1via reweighting

C(TL

-- x SM
Mode
Symmetry axes

Belle II preliminary
J £dt = (362+42) fb?

0.68 :

G -
e
N

(2.3+0.7) X 107> (combined)
(1.111-3) x 10~ (hadronic)
(2.7 £0.7) X 107 (inclusive)

n(x) =< Je(x |9%)o(q?)dq?

() = ) ng()[0(q2)/oy(a?)]
q? bins
\

X = ql X 7(BDT,)

[PRD 112, 092016 (2025)] Waf=JIzHIA

365 fb~"
T e [PRD 109, 112006 (2024)]
: —— Belle II (362 fb'!, combined)
1 2.3+0.7 This analysis, preliminary
: ]
:__01_| Belle II (362 fb!, hadronic
g 1 1.1+1.1 ]‘Ing analysis, preliminary )
: P —— Belle II (362 fb’!, inclusive)
1 2.740.7 This analysis, preliminary
0 2 4 6 8 10

105 x Br(Bt*—K T vp)

Weak Effective Theory (WET)

dB . 4GF (87 2 " 2 VABqu ABK 21 |2 2
i =70 (V5 30) Wl gty s |1+ IOHBECR
(M%B_Mlz()z 2112 2 2)\BK
q Cst, + Csr| ™+
8 (my — o)’ | fo(¢®)|” |Cst + Csrl 3 (Mp + M)

> |fr(@®)|” 1Cmel

« Prefer larger vector and non-zero tensor contributions compared to SM

AP P IR BN BRI P I

[P B S B BV ol

-16 -8 0 8 16

CvL + Cyr

-16-8 0 8 16 —-16 =8

Cst, + Csr

o (ICyL* Cwl, [CsL + Csrl, [Cri) = (11.3, 0, 8.2)

Method and data to reinterpret the results with alternative models
are available for external users on HEPData
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https://journals.aps.org/prd/abstract/10.1103/pr66-sd36
https://epjc.epj.org/articles/epjc/abs/2024/07/10052_2024_Article_13038/10052_2024_Article_13038.html
https://www.hepdata.net/record/166082
https://www.hepdata.net/record/146803
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First B — X_vv search

Motivation

X D) =[(3.35-3.62) £ 0.11] x 105 [251219138]

251110980, accepted by PRL  Waf=)I[=NIi

365fb™"

- Theoretically clean and sensitive to several possible sources of NP and complementary to the exclusive K searches

- Similar measurement from ALEPH Sy (b — svD) < 6.4 x 104 [EpIc 19,2130227(2001)]

o Only possible at e e~ experiments

First use of sum-of-exclusive to study final states with vv

BB B*
K K¢ |K*
Krn |K=nT ngro K*7n0 Kgﬂ':t
K2n |K*n¥ 70 ngiwx K27r07r0 K*nFgat ngiﬂo K*n070
K3r | K*n¥n*a¥ KlnFa¥tn® K*¥a¥a%0 |K*a¥a¥a® Kin*a¥a®t Kin*nOrn0
Kar | KEnFntaF a0 KnEaFataTKonEaTal70| KEnFataFT ik ntaTata® KEnaFataOn0
3K |[K*K¥K} K*K¥K*
3Km|K*KTK*nT™ K*KTK2n" K*KTK*n" KYK*K¥r+

[JHEP12(2021)118]

Strategy

» Hadronic B-tagging
» Multiple samples used to calibrate simulations and obtain systematic uncertainties

« B — X J/w( — pu*u~)forthe BDT efficiency

« Off-resonance samples for qq = u, d, ¢, s backgrounds

HTA Y(4S)

- BDT output O and Mbc sidebands for syst. uncertainty of BB background normalization

Rest Of

Event:

v ot 7


https://link.springer.com/article/10.1007/JHEP02(2015)184
https://link.springer.com/article/10.1007/s100520100612
https://link.springer.com/article/10.1007/JHEP12(2021)118
https://moriond.in2p3.fr/2026/
https://arxiv.org/abs/2511.10980
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. ~ 251110980, accepted by PRL
First B — X_vi search: Result 36570

0.0 < M;** < 0.6 GeV/c? 0.6 < My™ < 1.0 GeV/c” 1.0 < My < 2.0 GeV/c?
2 700 : BelleII preliminary = g;%o
2 - 4 §ILdt=365.4fb" .
L — . :
Signal Extraction 500 % = Sona
— —e— data
. 2D signal region ©® X M;°“® plane mapped into a 1D index 400 @ @ | @
. . 300
« Regions|, II, lll are enhanced in K, K*(892) and (Knt)non-res modes  E
200 —
100
0
(2) 1121 + + + . .
I A A R
0.7 5 4 6 8 10 12 14
apin index
*Compatible with hadronically-tagged Belle II BDT output O
in bins of My °“°
B [107°]
Mx, [GeV/c?] € Nsig  Central value ULops ULexp .
: F18+18 10.940.9 Combined UL
% [0, 0.6] 0.26% 101153+1%  0.5109199 25 24 .y . :
. =N +8. +13. -
0.6,1.0) 0.12% 37+27+31  3gi28+83 1oy 73 | BB - XwD) = [11.6775(stat) i (syst)| x 10
1.0, my] 0.06% 33735753 7.3135+138 351 279 | BB — Xwp) <3.6x107*@90 % CL

First/Most stringent UL on the inclusive rate
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Summary 711fb~"  365fb"

(Belle+)Belle Il producing world-leading results

BFS Using hadronic B-tagging, we have..
M
* Most stringent limiton Bt — Ktz decay
Tree 10-5 * First search and upper limit on BY — Kgf%_ decay
.. * —
] - ] * Upper limiton B® = K" %2*7™ decay
00 — " . . . . . .
P 10-6 SUU Additional tagging methods (inclusive and semileptonic tagging)
are under investigation to improve efficiency.
-7 +,.— . . . . _

10 <(b — 8T 7 J « Inclusive+hadronic tagging combined BT — K v result
shows 2.7¢ tension wrt SM. A model-agnostic likelihood
reinterpretation within WET sets constraints on Wilson

— 7 ; 70 — .
o5 i Peak luminosity E "% CO eﬂ:| cien tS .
lr% 6:— [_:/Lc;?upgrade :;/ZSOZCSupgfade ]/__;60 5 . _ . . . .
T Integrated lminosity (dsiversd W 1 2 |e Moststringent B — X_vw limit using hadronic B-tagging
z 5:_ [_;/LC;ZSUpgrade :’:/ié)zcsupgrade ]/ :50 E
2 L Projected by SuperKEKB/Belle IT ; . <] ‘
| s T P R T R S T e s s e e s S > o o .
= ° / - More results on these transitions will come soon! i ]
=R U————— 30 E
ch Run 2/ - i : i ‘
e ¥ R ~—20 3 / |
i o 1 &
gRunl N il 3, & ;a-j
: LS1 / 1 =
:J.[ﬂlﬂf‘d ﬂ‘ ,,,,,,,,,,,,,,, :

Jan 2024 Jan 2029 Jan 2034 Jan 2039 )
Date ‘fﬁcmﬁ yOMfOT you attention
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Unce rtalnty forB — XSI/I/ 711fb~"  365fb"!

Although result is statistically limited, a careful assessment of the systematic uncertainties is performed.

Source Impact on o5 [107°]
_ o Simulated-sample size 6.0
Dominant contributions from: Background normalization £
® | imited MC statistic Branching fractions of major B-decays 2.3
. L. Non-resonant X vv generation range 2.1
®* Background normalization _ _g &
Osprt selection efficiency 2.0
Photon multiplicity correction 1.8
qq background efficiency 1.8
Other subdominant contributions 3.0

Total systematic sources 11.7
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B — X_vv Search

FBDT output

1.0

0.86

10 15
14
9
13
8
12
-
11
6
0.0 0.6 1.0 2.0

M5ec° [GeV/c?]

365fb™"

21


https://moriond.in2p3.fr/2026/

Belle II

Uncertainty for B — Kar*z~

Although result is statistically limited, a careful assessment of the systematic uncertainties is performed.

Dominant contributions from:
® |imited MC statistic

knowledge

® |dentify ~ 70 leading modes

® For measured modes, correct their branching
ratio according to latest PDG values and
propogate uncertainty

® For unmeasured modes, a 100% uncertainty

is considered.

BELLE

711 fb~"

365fb~!

Source Uncertainty type, parameters | o5(1073)
MC statistics Uncorrelated shape, 140 0.18
Leading B-decay branching fractions Correlated shape, 30 0.11
B-tagging efficiency Correlated shape, 2 0.06
Combinatorial Bgag normalization Correlated shape, 10 0.05
D— K 2 modeling Correlated shape, 2 0.05
Lepton ID Correlated shape, 6 0.03
Signal efficiency uncertainty Normalization, 2 0.03
foo Correlated shape, 1 0.02
70 efficiency Correlated shape, 2 0.02
gq normalization Normalization, 4 0.02
Signal model Correlated shape, 1 0.02
K efficiency Correlated shape, 2 <0.01
Number of T (4S5) Normalization, 2 <0.01
Luminosity uncertainty Normalization, 2 <0.01
Tracking efficiency Correlated Shape, 2 <0.01
Leading 7-decay branching fractions Correlated shape, 10 <0.01
Xd Correlated shape, 1 <0.01
Total 0.23
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Belle II

Rest of Event

70 Rest of Event

IIIIIIIIIIIIIIII
.
*

In the hadronic B tag analyses, events with neutral-mesons (7, Kg) are usually rejected.
The total energy of the extra-photons (ECL clusters) is one of the most discriminating variables

® No extra activity in ECL expected for signal events

700 _ Belle II (simulation)

= Ldt=100fb"
= 600 2 et o Tails due to mis-reconstructed and ECL energy resolution
o
) - (] Mixed .
S %of B o ® Background has larger ECL deposits
8 400 | e . .
8 a00f EcoL = Z E(clusgy); Events at ~0 to energy threshold adopted in the extra-photon selection
S 200} ROE * Used for
& . . |
S 100F Background suppressionin BDT w8 0 ()

0 - h . .
0O 02 04 06 08 1 12 14 16 S|gna| extraction o
Ecc [GeV]
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Fitsin BY — Kgn (Belle
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For each reconstructed
category a BDT is trained for the
background suppression.
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OthercutsinB™ — K™zt
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Search for B¥ — K*vu: Strategy

Focus on Inclusive Tag: Two consecutive classifiers with signal kaon, event shape and ROE information
Final observables: q_f,e . indifferent second classifier (BDT) bins

Q2 = 5/(4c*) + MZ — \/sE/c

Signal efficiency validation with B¥ — J/wK™ sample, remove :E 125 Fricmwon =2
J/y and correct K* kinematics to match Koo (1.00£0.03) E 100 E dd
g 75 t{ Data
z 27 Sim. stat. unc.
Background validation: jé zz
aqg background: Off-resonance data to correct for data/MC S ;
differences in normalisation and shape _
Undetected Kg in EM calorimeter can mimic neutrinos 2 _25 e
KE detection efficiency: ete™ — ;/gb(KgKg) : 5 G [Gel\(;Q/c‘l] ) §
B — K+D(*)(KEX): corrected using pion-enriched sample < 0T ————
B* — K+KSKE events: Model with BaBar [PRDS5, 112010(2021)] ;%6000_ S o % gBBm
BT - K+KgKg measurement as input %4000} =
-
Closure validation measuring: R
BB - 7*K%) = (2.5+0.5)x 107° s
Compatible with PDG (2.38 + 0.08) x 1078 & [0 = T
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Fvidence forB™ — K vi: Results

Inclusive Tag & =(27+05+05)x10”
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Inclusive '||'ag i —_—— Eelgi ITI1 (3612 fb inclusive)
H T+0. his analysis
| o Belle 1T (63 fb!, inclusive)
: 1.941.5 PRL127, 181802
o Belle (711 fb!; semileptonic)
. 1 1.0+£0.6 PRDY96, 091101
: L ° Belle (711 fb!, hadronic)
: 2.9+1.6 PRDS87, 111103
—o— BABAR (418 fb'!, semileptonic)
: 1 0.240.8 PRDS82, 112002
ﬁ" BABAR (429 fb'!, hadronic)
: i 15413 PRDS7, 112005
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