Belle I

st

R

I

ona

ati

- .»\Q\’g

¥




Overview

® Quick intro. to Belle & Belle Il

® Some physics highlights

v Bvidence for B+ N T+ 7, (B elle II) :\rlre;tdhfcriigi’kg:; I';clj\lg Jf)u_’c) v;yy j_/ensitive to LFU, and
K —
v BO —> K OT_I_T (Be]_]_e II) EWP, and very crucial for LFU
+ =
v BO —> Kgf_f_l_ (Belle + Belle II) EWP and LFV

v B —> K(*)}/}/ fOl’ ALP SeaI’Ch (Be].].e) EWP, and relevant for dark sector

@ Closing remarks
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Interaction
Region Belle Il detector
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Belle IT

electron ring

a4 ) _.d
positron ring\

injector;
to Linac

positron damping ring

— 7GeV 4 GeV +
€ ) (*) ( € We also have data taken off-resonance
\/g — 1058 CQeV — mT(4S)C2 as well as energy scan around Y(55)

e B(Y(4S) — BB) > 96%, with pSM ~ 0.35 GeV/c

e nothing else but BB in the final state See Appendix, p.28-32.
. if we know (E, p) of one B, the other B is also constrained “B-tagging”  unique to e e~ B-factory
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Candidates

Pull

BT — K +I/I7 from Belle Il @ DIS 2024
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PRD 109, 112006 (2024) PAied

Belle I

oM Average
0.497 4+ 0.037 £.3j:0.4
| ® Belle II (362 fb!, combined)

2.34+0.7 This analysis

Belle II (362 fb!, hadronic)

1.1+ 1.1 This analysis

Belle II (362 fb!, inclusive)

2.7+0.7 This analysis

Q

Belle II (63 fb!, inclusive)

1.9+£1.5 PRLI127, 181802

Belle (711 fb!, semileptonic)

1.04£0.6 PRDY6, 091101

Q

® Belle (711 fb'!, hadronic)

294£1.6 PRDS87, 111103

BaBar (418 fb!, semileptonic)

0.240.8 PRDS82, 112002

BaBar (429 fb'!, hadronic)

1.54+1.3 PRDS87, 112005
| I I I | I I I | I I I | I I I

2 4 6 8
10° x Br(BT—K " vp)
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BT = 77v Intro

BT - tTrin SM h Vi
n BVub
B W
U Vg
G2mpm? m2\ 2
LB £1) = TR (1200 v
B

QBSM(B+—>T )NlO 4
o Bsm(BT — utv) ~ Bsm(BT — 77r)/300
® BSM(B+ — 6+V) ~ BSM(B+ — T+V)/1O7

» very clean place to measure 3|V,
and/or search for new physics (e.g. HT, LQ)



BT = 77v Intro

BT - tTrin SM h &l
n Bvub
B e
U Vg
G2mpm? m2\ 2
LB £1) = TR (1200 v
B

QBSM(B+—>T )NlO 4
o Bsm(BT — utv) ~ Bsm(BT — 77r)/300
® BSM(B+ — 6+V) ~ BSM(B+ — T+V)/1O7

» very clean place to measure fg|Vyp|
and/or search for new physics (e.g. HT, LQ)

Sl
~
+

» BT — 771 can be affected by new physics effects
For instance, H* of 2-Higgs doublet model (type II)

B(B+ — 7'+V) = BSM(B+ — T+V) X Iy

where ry = |1 — (m§/m$) tan? 5}2

W.-S. Hou, PRD 48, 2342 (1998)



BT — t7v Intro

Bt - tvin SM h V&l
n BVub
B W
U Vg
G2mgm m2\
0B - ¢1) = SR (1) v
T mB

QBSM(B+—>T )NlO 4

® BSM(B—I_ — ,LL_I_V) ~ BSM(B_I_ — T+V)/300
® BSM(B+ — 6+V) ~ BSM(B+ — 7'+V)/1O7

» very clean place to measure 3|V,
and/or search for new physics (e.g. HT, LQ)

|Vub | exc |Vub | inc

SM SM

BaBar (417.6 fb~!, semileptonic)
1.7 £0.8 0.2 PRD 81(2010)051101

BaBar (426 fb~!, hadronic)
1.83%0323 £0.24  PRD 88(2013)3,031102

Belle (711 fb~!, hadronic)
0.72947 +0.11  PRL110(2013)13,131801

Belle (711 fb~!, semileptonic)
1.25 £0.28 £0.27 PRD 92(2015)5,051102

4 § 3

B(BT = 7t1.) (x107%)




BT — 1ty

Use hadronic B-tagging (FEI)

@ extra

ror. as a key variable

@ Match n

yextra

extra

o L~ matches well in given

Myexira bin (Appendix pp.33-34)

@ Signal extraction by 2D fit on

2 extra
Mmiss Vs. EECL

2D histogram PDFs
e (top) for signal
e (bottom) for background

b/w data & MC

Belle IT Simulation
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submitted to PRD
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arXiv:2502.04885 $
submitted to PRD

Belle IT

BT — 771, Results

[etiogioimiy | wm o o mgume]  [Belefetmimy | s 2 oo, ]
- [rdt=365 b — Bkg + Data ] 140 fcdt =365 fb — Bkg + Data |
:+—be+vi — Tot - Lt sut oo, — Tot ] _4
N - Decay mode s B(10™7)
00, é;t_l‘i‘ ana E j_‘,—t:— l? Simultaneous 94 + 31 1.24 4+ 0.41
2 L L - 80 -
Ll E T 8
M B B 60 _
|l | et ve U, 13+ 16 0.51 = 0.63
€ | H _f ,u+ 1z 40 £ 20 1.67 4+ 0.83

8.:0"'0.‘2”‘0,4‘ ‘0.6”'0‘.8"'1:.0 8,:0‘ B B |V S Y 0.‘8'"1:.0 7T+ v'T 3]_:':13 2,28:':0,93

ESSR (GeV) ESE (GeV)
ehimr  Spome Jemwiee T =g mel o pt Dy 6+ 25 0.42 +1.82
[T+ >mtD, — Tot 1 Tt 50D —_— T 1
GO?M,ZMSS>OIT8 GeV?/ct :Mgmsio.; GeVv?/ct "
[ i 80 4
50 5 F i
g | - + N + L —4
24 s 2 e B(B+ — T+V7-) = [1.24+0.41(stat.) £ 0.19(syst.)]| x 10
b e T T
:* T

[N
o
T E L e e

| 5 | @ Check signal efficiency by using BY — K*J/y as
e e L s control sample (see Appendix p.35) prepared by
gexra 13 signal embedding technique

Eextra

For signal-enhanced projection onto £¢ ",

require M. > 10 (0.8) GeV? for

miss
leptonic (hadronic) channels
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B™ — 77v Summary

SM SM
|Vub | exc |Vub | inc
T | | |
4:_§4_ Belle II (365 fb~!, hadronic)
i 1.24 £0.41 £0.19 Preliminary
b, BaBar (417.6 fb~!, semileptonic)
ii 1.7 0.8 £0.2 PRD 81(2010)051101
il __o  BaBar (426 fb~!, hadronic)
| 1.8370:35 £0.24  PRD 88(2013)3,031102
ol Belle (711 fb~!, hadronic)
i 0.721927 +0.11  PRL 110(2013)13,131801
. Belle (711 fb~!, semileptonic)
i 1.25 £0.28 £0.27 PRD 92(2015)5,051102
B | | | |
0 2 4 6 3

B(Bt =7 1) (x107%)

@ BR world average goes

from (1.09 £ 0.24) x 10~
to(1.12+0.21) x 1074

@ |V ,| by BT - t7v becomes

V| = (4.19702%) x 1073

—0.41

@ compare with |V .| from
semileptonic B decays

incl
Vub

excl
4 b

u

= (4.06+0.12+0.1

= (3.76 £0.06 £ 0.1

1) x1

9) X 1
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Br x 10*

K —
BY - KVttt

Q

Q|

. D
Belle Il preliminary (a3

Belle I

Intro.

" o FCNC — suppressed & sensitive to NP

o K 9777 involve 3rd gen. fermions

.....................

W+
b eu s v 3.1ctensionin B - Dy
7 7 v 27ctensionin Bt - K*vo
| e SM prediction
‘. v BB - KTr7)=(0.98 £ 0.10) x 10~/
| O Rym&Ryy 20
—_ L] RD(*)&RJ/LP 10
| ® BrBgs11] e Potential enhancement in BF ( ~ 10™%),
| M Br[Bo>K*r1] : B - D(*) . Iy
| m BrBoK] glven 7v ‘anomaly
| U Br[Bs»¢rt1]
15

Capdevila, Crivellin, Descotes-Genon, Hofer,
Matias, PRL 120, 181802 (2018)
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R(D*)

R(D) vs. R(D*), updated
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o

4 HFLAV SM Prediction

R(D) =0.298 = 0.004
R(D*) = 0.254 +0.005

R(D)=0.342 +0.026,,
R(D*)=0.287 +0.012
p=-0.39

P(%?) = 35%

total

0.2

0.3

0.4

0.5
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Belle Il preliminary

K — o
BY — K'9t%r~, Event selection

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

o FEIfor B, recon. — 4 multiple neutrinos 700 I B elleIn preliminary 4 Data -
I BB i
600 | - . _
e For the Bsig | //; dt = 365 fb-! i |
_ _ > 500 [ category —— Signal B=10"" ]
v use 7 decays to evw, uvo, v, ptu el |
S
-
(K= Kt S
v and require no additional tracks 2 300
S
e BDT for further selection, using = 200
v event shape variables, kinematics 100 |
V' Pmiss’ Eextra U 0F
2 _ 2 _ 2 > 1.25 |
v q — (p’[++p’[_) — (pee_ptag_pK*) ; 1.0
= 0.75 |
3 A 0.5t
v M(K*7) X

15



BelleII preliminary ¢ Data
175 BO K07+ 71—
/Edt =365 fb! BB
150 _
(¢ category qq
'.g 125 772 Uncertainty
- + —— Signal B=10"?
2! 7
2 100 Z
G:>J 75 ' (L
(R ; ?
50 f +
BE— -
0 L L ! h ] 1
— E
5 é P— —m~
0.4 0.5 0.6 0.7 0.8 0.9 1.0
n(BDT)
| BelleII preliminary ¢ Data
500 B BO s K07+ -
: /ﬁdt: 365 fb! BB
| p catego qq
= 400 . ’ o v U i
‘3 2 Uncertainty
- Signal B=10"?
«n 300 1
=
o
>
] 200
100 |
0
g .
0.4 0.5 0.6 0.7 0.8 0.9 1.0
n(BDT)

> S —
BY - KVttt

250 |
i /Edt—365 fb! BB
o 200 | w¢ category qq .
= : 77 Uncertainty
- c Signal B=10"?
@ 150 | 1
= [
L :
[ 100 ¢
50 |
ol
£ .
04 05 06 07 08 09
n(BDT)
300 [ BelleIl preliminary ¢ Data
I B()_>K*()7.+7.7
[ [£dt=365fb! 751
250 / BB
o 7w category qq
o— I T i
‘2 500 | U'ncertalnty N
- i J./ Signal B=10"?
7)) A
H s
) B 7
<)
>
]

| BelleII preliminary

Data

B K*0r+ 7—

1.0

Fit & Result

e Fit BDT output for n(BDT) > 0.5
v 1n 4 groups

v for Signal + gg + BB

e Fit results
BB - KVrtr7) < 1.8x 107
(90% CL with CLs method)

e Compare w/ Belle (711 fb-1)
BB - Krtr7) <3.1x107°

. D
Belle Il preliminary (a3

Belle I
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arXiv:2412.16470 Z:
submitted to PRL e

-+ —_
BY — Kgf—z,” +_ Intro.
e FCNC with LFV, forbidden in SM

e Motivated by Bt — K vi excess (Belle II),
4 BSM modell"l that predicts
¢ BB - Ki*£F) ~ 6(107°)
e Existing results
v Bt > K*t*¢¥ (BaBar, Belle, LHCD)
v BY - K'%*,¥ (LHCD)

v but nothing on modes with K g

e This analysis
v search for B — KJt*£7 using
combined data of Belle & Belle II

[*] L. Allwicher et al., Phys. Lett. B 848, 138411 (2024).
S | 18



arXiv:2412.16470 Pl =4
submitted to PRL DS

Belle IT

BY — KJ7*£7, Intro.

¢ FCNC with LFV, forbidden in SM

e Motivated by BT — K1vi excess (Belle II),
4 BSM modell"l that predicts

+ oF —6 . .y
v BB — Kt=0") ~ 0(107) e Hadronic B-tag and missing mass
e1e . OpF
. v
o Existing results recoiling against K2 to look for M(7)
v BY - K*t*/* (BaBar, Belle, LHCD) o calibration using B — DX
« - (*)—; :
v B > K*0r*,F (LHCD) v tolook for D' /™ in the recoil mass
v but nothing on modes with Kg 1’;‘ [ Belle+Belle Il preliminary :gfgsal . :B'el'le#B'eu'e lprefimmnary _-_F-glégial .f it. .
% - Simulation f Ldt = 4x(711+365) fb™ B'— DD} 100 |-Data f Ldt = 7114365 fb™” B DD -
. . E 400 | Npp, = 1412 69 "'go_’kD*_D; g [ Npp, =377 =38 "'go_’kD*_D; n
e This analysis = " Backgroun ' " Background -
0 0 £/2F o g
v search for B® — K 7= using g
combined data of Belle & Belle II

0 A—— AT TEOPO X.F
1.7 1.8 1.9 2 2.1
IVlrecoil (GeV/ Cz)

[*] L. Allwicher et al., Phys. Lett. B 848, 138411 (2024).
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BY — Kgfif“_“, Results

B°— Kotw
- Belle+Belle Il preliminary —— Data
s f Ldt = 711+365 fb — g_‘Obal' fit
i o vaiaa igna
Ny =-1830 Background
| | j»
........... LA v L LT 1o
S N R S I B I
1 1.2 14 16 18 2 22 24
M, (GeV/c?)
B°— Kotte’
- Belle+Belle Il preliminary —— Data
3 f Lalt = 7114365 fo” — S_'Obal' fit
5 CAonoa o igna
 Nyg=-12=24 Background

| I T R RS A

................................

1 1.2

M. (GeV/c?)

Events per 50.0 MeV/(2

Events per 50.0 MeV/(2

-t
(o))

- -
N &

-t
o

Y -t
= (o2} (o] o N

N

N A OO O®

N O

arXiv:2412.16470
submitted to PRL

D

<o

Belle I

B°— Kot u*
- Belle+Belle Il preliminary —— Data
i f Ldt = 711+365 fb” — g'|0ba|| fit
! I igna
] Nyg=26=35 Background
L#TF :‘ _‘i\\~
0 IR B U SRR | |.--1""; ;“4~I‘-I_J [ AR e
i 12 14 16 18 2 22 24
M. (GeV/c?)
B~ Kore*
~ Belle+Belle Il preliminary —— Data
3 f Ldt = 7114365 fb” — g-lOba: fit
' oonon igna
3 Nog=-29:20 Background
_____________________________________ B SR N
l l l | l l l | l l l l l | l l l | l
1 12 14 2 22 24

M. (GeV/c?)

Channels e(10™%) Nsig
B - Ky~ 17 —-1.84+3.0
B° - Kdr—put 21 2.6 + 3.5
B - KdrTe™ 20 —-12424
B - Kdt7et 21 —2942.0

A
o
>
X

A
-
Q0
X
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B — K%yy for ALP



Belle preliminary :

B — Ky for ALP, Intro.

a J.@;:: ! @ Search for axion-like particle (ALP)
Wﬁ ! e @ — Yy (assume dominant)
b— < s e also assume (mostly) prompt decay, but non-
B o R o K zero lifetime is considered for efficiency loss

| | e if no signal, set upper limits on ALP-W

o coupling, JaWl#]
« search region: [#] PRL 118, 111802 (2017)

107 Recolved 0.16 < m, < 4.20 (4.50) GeV h' veto region

e NO sensitivity for JZ'O, 1, ' regions Type 30 Myy region

70  0.109 ~0.158

Procedure n  0.497 ~0.578
n' 0.882 ~ 0.997

Physical Limit

e continuum suppression and ) —

with separate Fast-BDT’s (T. Keck, Comp Softw Big Sci
1, 2 (2017))

Invisible

107

o then apply B — X y veto for remaining bkg.

1078 : :
1072 107! 10° 10!

m. [GeV] 21




B — K®yy for ALP, Results w/ Belle data

Belle Preliminary [ £dt = 711 fh! B — K%', a' — vy

Bt — K*d,a — vy

% Belle Preliminary f Ldt =711fb!

30
20 20 1
101 101 }I\ I 1l
] || \ b |
| ALE & s :I" ) 1) i"u gt L S
2 A EARE "" : .||| 4 | 18 !y i il hl : “\‘,ul'_
Z 0 Z 0 'l;" : & A8 ) ||'I ".IlfllI II: |||||| || |||| |i | |”||||||,|| H|||u| 1 r l \!
X
~101 ~10 - ]
|
—201 ~20
0 / 0 /
o s
-30 '77 il —30 77 T
5 D

Belle Preliminary [ £dt = 711 fh! B’ = K¥/ a' — vy

Belle preliminary “

<o

Belle I

@ Fitted results

for each K mode

®

e (top) signal yield

e (bottom) in significance
level

e the gray vertical bands

correspond to 7, n,and n’
regions

22



Belle preliminary z:
Belle I

B — K®yy for ALP, Upper limits on g w

04 Belle Preliminary [ £dt = 711 fh! | B — K(*)a, a — vy
T E Expected UL 20
% i e Expected UL 1o
o | —— 90% C.L UL
I
= |
S i
1072 !
| i
I
I
I
:
107° | | L | |
0.0 2.0 2.5 3.0 3.5 4.0 4.5

e (Ge\/)

90% CL upper limits on gy, as a function of m,,

23



Belle preliminary z:
Belle I

B — K®yy for ALP, Upper limits on g w
Belle Preliminary [ £dt = 711fb~!

Beam Dump

, w1 This result: B — K¢
107! | T | -

1076
my (GeV)
YU% confidence level upper limits on g,y as a tunction ot m,, 1n

comparison with other existing results y



Closing remarks

@ In this talk, we have presented just a few recent physics highlights from
Belle Il mostly on rare B decays, e.s. BT — 771 (evidence!) and

BY = K'7%7™ (search).

@ In addition, we showed Belle search
for ALP in B decays, whereby setting
the most stringent limit in ALP-W
coupling.

@ Run 2 will resume in this year
(currently in a short break) with goal
of collecting several ab™! data in the
next few years. Please stay tuned!

Peak luminosity [x10°°cm2s1]

||||||||||||||||||||||||

N

Peak luminosity

[ w/ QCS upgrade

in LS2 in LS2

Integrated luminosity (delivered)

[ w/ QCS upgrade
inLS2

in LS2

w/o QCS upgrade

w/o QCS upgrade

]

Projected by SuperKEKB/Belle 11

Jan 2024 Jan 2029

Jan 2034

Integrated luminosity (delivered) [ab™]
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eTe” — T(4S) as a B-factory

25 —
The Upsﬂon System ]
%“ ol N 1.lnb o(ete” - Y(4S)) _
= ~3nb o(ete” - qq)
2 L i
9 ]_5-_ ;?: (qzu»d;S;c) ]
gl 10.58 GeV :
(RGN o Y(4S) 1
T S t - )
L ' \ ¢ ' o -
— 5 X L oo .
b [ ¢ oy O A P ....5...“.-4‘* ol as
o TI(IS) | TI(ZS) T(SS) . ; N
044 046 10.00 10.02 10 34 10. 3’? 10 54 . 10 58 10.62
Mass (GeV/c") 2 x mg =10.56 GeV

e B(Y(4S) — BB) > 96%, with p§™ ~ 0.35 GeV/c

e nothing else but BB in the final state
-, if we know (E, p) of one B, the other B is also constrained

28



Key variables of B decays

AE = E¥ —1\[s12 My =\/(/5/2 -5}

: Signal F-
5 Continuum :
BB background E
" Signal
X Continuum
n BB background

03 02 -0.1 0 0.1 0.2 0.3 8.2 5.22 5.24 5.26 5.28 543
AE (GeV) My (GeV/c?)



How to handle a missing particle at Belle II?
ete” - Y(4S) - BB

® only two B mesons in the final

state >
e Since the initial state is clearly el

determined, fully accounting ..., TN /

one B (B,,,) makes it possible

to constrain the accompanying

B (Bsig

30



How to handle a missing particle at Belle 1I?

®ete” - Y(4S) - BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying

b (Bsig

® Having a single missing particle
(e.g.v) is usually as clean as . ¥
getting all particles measured 3 \

® The price to pay is a big drop of
efficiency ( < O(1%))
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Full Event Interpretation (FEI)

@ FEl algorithm to reconstruct B,

e uses ~200 BDT’s to reconstruct O(10%) different

B decay chains

e assign signal probability of being correct 5,

Comput Softw Big Sci 3, 6 (2019)
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@ Note:
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Eextra

ror. as a key variable

(a) n for S5 < 1.0
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for nyextra

extra
E ECL

Ina given n,qy

matches well
bin

- matchn first!

yextra
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BT — 771, Control sample check
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miss

@ Check signal efficiency by using control sample,

@ prepared by signal embedding technique
e use Bt — K*'J/y, cleanly reconstructed sample

o throw the K*J/y part away, to be replaced by MC-generated BY — v

e the check gives 1.02 = 0.18 for the efficiency ratio (good!)
35



