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Belle Il @ SUPGFKEKB Luminosity Accomplished

Asymmetric e+-e- collider (vs = 10.58 GeV) Integrated 623 fb-’

. ete-— Y(4S) > BB, DD, T T, - Peak 4.7 x 1034 /cm?2/s
World Record!!
Target: 50 ab-1 (Belle x50)

B (B r~0.28): precision meas. of the CKM matrix, rare decays
T:. cLFV, test of LFU

D, dark sector, hadron physics, etc. K. and u Detection

Belle Il Online luminosity Exp: 7-39 - All runs KL p resolution: 15 MeV
175 s |ntegrated|um|nos|ty : ....................................... : .............................................. H identiﬂCatiOn eﬁ.: ~9o%
i mmm Recorded Weekly : : Run2 o
o 15.0 e[ Lo Ot = 62205 [Tl oo e M B Vertex Detector
2 : : st vertex resolution: 15 ym
§ I e Run'l ........................ : ......................................... : .......... IaSt_> E
E /' week ¢  Central Drift Chamber
3 : - 400 S , . (4 GeV)
5 ETV N VI T ISR RSTRRRR 1f AT | |1/ | AR i E Spatla| reSOIUtlon: 'lOO IJm ~
g Long- ; o dE/dx resolution: 5%
O3 | ————— | | | | ————————————— 0 | WU SO 300 o P I . . O 40/
B }'shutdown - T resolution: 0.47%
g 0 [ Tmepn— | Pere | | R N BE————— : ................................. 200 é EM (:_alori eter CSI(--_I)_
- : = energy resolution: 1.6%-4%
S 25-
Particle Identification
Belle I

K eff.: 90%, fake m rate: 5%
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https://www.belle2.org/project/super_kekb_and_belle_ii

Be"e " PhySiCS From SM precision measurement to BSM searches
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.. Key analysis technique: B tagging
94 physics publications in total
List of our recent publications in backup
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https://www.belle2.org/research/physics/publications

B tagging technique at Belle i

- Major strength: ability to reconstruct event with missing energy tag-side

- Constraint the kinematics of Bsig by the initial state at an e+e- collider

Hadronic / semileptonic tagging >

- Reconstruct Btag in low multiplicity, high branching fraction decay
modes using Full Event Interpretation

- FEl consists of >200 BDTs, [
. . Tracks j
reconstructing O(10k) decay chains

- Tagging samples dominated by large-BF mode with low-background [e+ j [u

Inclusive tagging
J/

Inclusive Tag
- Reconstruct Bsig and assign everything g:ngsftﬁ?y(fm GE
else to the rest-of-event (ROE) -

Semileptonic Tag =

? /D— U
Q@ e=0(1)% — B, s
= Knowledge of B,,,, L s
L]
: : Hadronic T
Comp. Soft. for Big Science 3 (2019) 6 = O0.N)% <

Exact knowledge of B, . ~<

tag

Yu Nakazawa

KEK-PH2026 (February 16th, 2026) 4


https://doi.org/10.1007/s41781-019-0021-8

Electroweak Penguin Decays Jﬁ :

- Flavor Changing Neutral Current (FCNC) PN

- Forbidden at the tree level in the SM b Vt;) 7 vls* s (d)
- Small branching fraction in the SM (<10-5)

- Sensitive to New Physics (NP)

- Heavy new particles can enter the loop P - 15
’ -

- Key channels: b—>sr,dr,sé ¢,d¢ ¢,sv v, -

- Precise theoretical prediction for the inclusive process BF .,

- The branching fraction of exclusive processes has large Tree
uncertainty, except for b—>sv v oop |<Z b — sui]

- Many observables

- Branching fractions, CP asymmetries, Angular distribution,
Photon polarization Forbidden <(b > sn”]
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Electroweak Penguin Decays j:f :

- Flavor Changing Neutral Current (FCNC) PN

- Forbidden at the tree level in the SM Ve T Vo )
. Small branching fraction in the SM (<10-5) e
o, o . 0
- Sensitive to New Physics (NP) o §f~”< y
- Heavy new particles can enter the loop gfr;f—f 237}
. Key channels: b—sy,dr,sé ¢,d4 ¢,sv v, - z b 1 b ;

Analysis covered in this talk BF sy
- B+—K+v v reinterpretation L
. B%XS Y, Loop - <£b — svﬂj
- Search for Bt+—=K+T T - S”J

- b—s(d) r transitions
- Time-dependent CP violation in BO—Ksm T 1 rorbidder 4‘3 _ S“’”]
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PRD 109, 112006 (2024)

B+—K+v v reinterpretation =] T

—

ot

-
|

- Originally measured usm = 4.6+1.3 (B-only; 3.50; SM: 2.7 o) | oD
| Belle |l
- A model-agnostic likelihood enabling consistent reinterpretations 505 inclusive-tag

w/ SM sighal

beyond the SM.

- Re-weight SM signal in true g2: :
w(g2)=ossm/ 0 sm (keeps g2-dependent efficiencies) :

Candidates/(1 GeV?/c*)
o

Pull

Belle 11

- Bayesian week effective theory fit to |CvL+Cvr|, |CsL+Csr|, |CrL]

- Fit prefers an enhanced vector contribution (in SM, CviL=6.06)

and a non-zero tensor component §
P PRD 112, 092016 (2025) =
e
-
Parameters Mode 68% HDI 05% HDI S
Cyr + Cyrl| 11.3 [7.8, 14.6] (1.9, 16.2]
Cq + Cqp| 0.0 [0.0, 9.6] 0.0, 15.4]
Cry | 8.2 [2.3, 9.6] 0.0, 11.2] z:s

Likelihood and reinterpretation took are publicly available on HEPData
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https://www.hepdata.net/record/ins2725943
https://journals.aps.org/prd/abstract/10.1103/pr66-sd36
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Rest of event

B—-Xsy v arXiv:2511.10980v1 x \ SR i

ke | . g Yas)h— 5
l/ —— .1 e P qu
Reconstruct Xs from K + n (n=0, 1, ...,4) K2r G 28 )
. r g «/ - )
- Sum-of-exclusives: 93% K3x X e /
Kdnr /
! (o) X - .
Hedonic tag method (~0.1%) 3K | B..: full reconstruction in hadronic modes
Fit to the bins of Mxs and BDT output 3Kz} Bg,: 30 exclusive decay modes
- BDT: background suppression variable 0.0 < M{™ < 0.6 GeV/c? 0.6 < My™ < 1.0 GeV/c? 1.0 < M¢™ < 2.0 GeV/c?
£ 700 : Belle Il preliminary — g;%o
o o . Q — . , " N
First search of inclusive B—>Xsv v T ool FH gJLdt=365-4fb' s =
B [107] éj.— . —
Mx [GeV/ 02] 6[10_3] Nsig  central value UlLgps ULexp 500; : ; EEL%NAL
* 10, 0.6 2.93 61819 034+0.8™0Y9 22 20 400
10,06 e = Kvvi K'vv 270ther
06, 10] 1.32 36—26—26 35—25—26 9.5 0.6 300:_
1.0, mB] 0.62 24715578 517021199 312 26.7 2005_
(*) compatible with hadronic-tag B—~Kv v Belle Il meas. = .
—
100
_ 8.5 12.6 —5
B(B — X,vv) = [8.8755(stat) 5 a(syst)] x 10 0
_4 0 -
< 3.2 x 10 (90% C.L.) e 11"% * + + —— | +—t -
- SM prediction: (2.9+0.3) x 10-4 32 08 _ L .
@07 - — - : - -
- Main syst.: limited MC and background normalization 0 2 4 6 . 10 e bin::dex
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https://arxiv.org/abs/2511.10980v1

Paper In preparation

Search for B+—K+T T

- Reconstruct the other B with a hadronic-tag (full reconstruction)

- On signal-side, consider only leptonic T decays (¢ v v)

> 25 :—Belle (preliminary) fL dt=711fb"

(()) i |

= : : :Diatr? x 10*
Previous best UL (BABAR): < 2.25 x 10-3 (90% C.L.) g = °
Combined analysis: Belle (711 fb-1) + Belle Il (365 fb-1) 5 151 S Simplasion

Q. uncertainty

:

J=

O

- Use cut-based selections to suppress background

| o . I . e e et o
- Extract signal by event counting in EecL variable 0 06 08
- EecL: total energy not assigned to the tag B and the signal candidate Signal region E exra [GEV]
12
Belle Belle 11 > pPelieg (preliminary) ch3=365 '
Noke 141+16+19 35+£0.7L0.9 = 10f " Signal  10°
N obs 11 6 ,_C%) | gggo
B(B™ K% rTr ) x 107 —-271544+92 B.1T7Y 25 o T Continuum
Obs. (exp.) limit (107°) 0.4 (0.7) 1.6 (0.9) S gy e—
7))
Combined result: < 8.7 x 104 (90% C.L.) — World-best g ' \\\\\ .
- Dominant systematics: background estimation © Sadsy |

L i
(ry o . . . . O 02 04 06 08 1 12 14 16 18 2
- More data will improve the background estimation in the sidebands (GeV]

extra
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[] | }l
b—s(d) ¥ transitions ,
- Theoretically clean, clear experimental signature (high energy photon)
- Test NP also with CP, Isospin, and helicity observables. b §
8
Recent Belle Il results / \\
. , d d
Exclusive channels: single-radiative
- B—>po r (Belle + Belle Il): PRD 111, LO71103 (2025) penguin
- B—>7r r (Belle + Belle II): PRD 110, L031106 (2024) b > NN Y
. B—K*r (Belle Il): JHEPOQ (2025) 024 e %
Wi Yq
Inclusive channels: - . q
d—<4+——<«—N\\NY
- B—=>Xsr (Belle ll, 189 fb-1): arXiv:2210.10220 double-radiative
DOX

— Belle |l already competitive, entering precision regime for b—sr

Recent results: Time-dependent CP violation in BO—Ksm T r
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106
https://link.springer.com/article/10.1007/JHEP09(2025)024
https://arxiv.org/abs/2210.10220

Time-dependent CP violation in BO—Ksm T v

arXiv:2510.01331v2
accepted by JHEP

- In the SM, Scp ~ O due to suppressed right-handed currents

- Sensitive to NP contributions in the loop

F(Btag:BO (At) — fC’PV) — F(BtagZEO (At) — fCPV)
F(Btag:BO (At) — fCPV) -+ F(BtagZEO (At) — fC’PV)

Acp (At) —

= Ssin(AmAt) — C cos(AmAt)
l l ((4s) ..
+ -
Mixing-induced Direct © _’4__6'
CP violation CP violation

B
- Analyze full Belle (711 fb-1) and Belle Il (365 fb-1) dataset

- Eyr > 1.5(1.4) GeV for Belle Il (Belle), Ks: Belle |l standard MVA
- Continuum suppression via event shape, Vertexing and flavor tagging for At
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https://arxiv.org/abs/2510.01331v2

Time-dependent CP violation in BO—Ksm T v

Belle IT [ £ dt =365 b Belle IT [ £ dt =365 b

- 300 0.875<r<1 Belle IT [ £dt=365fb!
N& t Data g i * Data' . 30: * Data
> - —— Full fit 8 — Full fit 2 T Pull fit
) 300 [ —-- Signal — —==' Signal . (- B, fit
° ° g - Self-Crossfeed - 200 Self-Crossfeed ~— i .
- Time-dependent CP fit .. — o s i | wpe
ES/ 200 ~ i * * * * BB background 2 -
n ) < 5
~ g = 10}
. . g - < 100F " meembee . [
= 100 | o g 3 = _
noiNne I =i =l = |
= % I N Qo I
S S b e 0
0 o E=======2-9
New observables S+, S - ' ——————— s T e a . T
a-: A =
o -5 R U T A T S N R S T R R S T S S S T -5 R R T S E S T S S N S S S SR S S S S < —1 F
Da“tz pla nNe: Sup SdOWﬂ 5.20 5.22 5.24 5.26 5.28 5.30 —0.2 —0.1 0.0 0.1 0.2 10
° ’ My [GeV/c?] AF [GeV]

Exploit m+e m- symmetry of the Dalitz plane: ArXivi2510.0133] v2

even (symmetric) vs odd (antisymmetric) components acoepted by JHEP
e.g.) even-dominated: Ks o9y, odd-dominated: K*m*y

2 A Result: Most precise in S and C New approach
. e (C = —0.17 £ 0.09 == 0.04 B r.S'“L = —0.97 £0.23 £ 0.10 |
x  New observables: S — _029+0.114005 | S” = 0.31+0.24+0.05
E g. ¢+ — gup 4 gdown § - J J
o , ¢— — cup _ gdown Statistically dominant,
AT o Belle: vertex-detector misalignment,
Mt o Belle II;: CP-fit validation bias
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https://arxiv.org/abs/2510.01331v2

LFU in R(D™) T —

> 1 missing particles

Lepton flavor Universality (LFU) test

_ ©
Rty = 2B D " J
- g = i
@(B —> D(*)f_ljf) | ' 4 =3 -2 =\ 0 \1
cos Ogy = QEZET — mg — my)/(2 |]_57§ | |l_5§§ )
Angle between B momentum and its
visible decay products (Y = DY¢) in CM

Reconstruct signal D® and T4 v v

Partially reconstruct semileptonic Btag

— 1 missing neutrino
> 1 missing particles

Fully reconstruct hadronic Btag

Unassignhed energy in ECL (Eextra, EEct) - \
Low for neutrinos, | 1 2 3 a5 6
Myios = (Pere- — PB,, — Pp+ — Py
High for missing detectable particles Squared mass of undetected particles
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B B%-D * 1,

PRD 112, 032010 (2025) =m0

Semileptonic tag R(D™)+) eIl ] Ct = 301 B

B B%-D™ v, + B°-D F v, in Dt

300 | B B°-D™" * vy + B%-Dy,t IV, in D1

Fit to multi-class BDT outputs to simultaneously D = o scomn 0
separate semitauonic signal, semileptonic normalization, 20|
and backgrounds |
-> enabling extraction of R(D®M)

/7, Uncertainty

Most powerful variables: Eextra and cos 6 sy o _
R(D*) = 04181073 (stat) 556 (syst o ARSI,
R(D**) = 0.30620033 (stat) 25515 (syst) o

First measurement using SL tag at Belle |I " N S e

Leading systematics

- Size of MC samples for signal shaping, normalization and
backgrounds

- Backgrounds from unmeasured semileptonic decays

020 025 030 035 040 045 050 0.55
R(D)

KEK-PH2026 (February 16th, 2026) 14 Yu Nakazawa


https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy

: : - Data
Paper in preparation A

Hadronic tag R(D®) =TI

38— Dl v

- 2D binned template likelihood fit, simultaneously in 5 channels 5= 047,
CB8—-D"1/lv

(EecL and Mmiss?)  R(D*) = 0.242 £ 0.019(stat) 4= 0.016(syst) G racronic 6 decy
continuum
R(D) = 0.439 £ 0.055(stat) 4+ 0.046(syst)

[Ldt=365fb" Belle Il Preliminary
~—~50 D*+

50

40 Mrzniss>1 .5 GeV%/c*

40
30

20

Most precise

10
meas. with 3 3 g : 3
= H
2 OP“*T““*”+ ....... RRREEE OI.{‘L*-;“;”+ ........ g OI‘§}*+*++ ........ S 0*}*.*.{..*..*..} ......... oo 0|H*++** ......... t o
P

o !
had ro n IC_ta 902040608 1 12141618 2 0 02040608 1 12141618 2 0 02040608 1 12147618 2 D 02040608 1 12141618 2 0 02040608 1 12141618 2
Eco [ GeV ]

fL dt = 365 fb' Belle Il Preliminary

D*°(— y D°)

Leading syst.
are the same
as SlL-tag

..*..”p}.*.*..{,.*..*..{,.*...&.. REUNE X% WA S Sy S S ..*..H}.“.*..{..}..;..L.;....;... . $.. ..{.*.HH.*..’.i..i.*..*...;..
2 0 2 4 6 8 10 0 2 4 10 2 4 6 8 10

6 8
Mz [ GeV?/c*]

miss
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LFU in R(DO)

68% CL contours

&
Y HFLAY

CKM2025 Belle®

LHCb

03 Belle® < \

0.25 AN c

\v/‘i GHC\\/ —

HFLAV SM Prediction \
t R(D) = 0.296 = 0.004 Belle II
0.2 R(D*) = 0.254 = 0.005 R(D)=0.358+0.024,

) = +
4+ L-QCD FLAG24 (Nf=2+1 for R(D*)) RD 0) 3—72-281 £ 0011,
R(D) = 0.2938 = 0.0054 p=-0.
R(D*) = 0.2582 = 0.0051 P(*) =27%

https://hflav-eos.web.cern.ch/hflav-eos/semi/ckm25/html/RDsDsstar/RDRDs.html

Belle lla = Hadronic-tag
= Semileptonic-tag

3.8 0 tension with SM prediction

R(D) tension with SM: 2.50
R(D*) tension with SM: 2.3 0

Average for each experiment

/N O 4 | 1 1 1 1 T T T
* - ! 68% CL tontours -
a | _

)
m — CKM 2025 -
035 —
03 —
i Belle IT ]
_ F HFLAV SM Prediction i
R(D) = 0.296 + 0.004
02FH R(D*) = 0.254 = 0.005 R(D) =0.358 = 0.024,,,,, —
~ 4 1L-QCD FLAG24 (Nf=2+1 for R(D¥%)) R(D 0) ;72-281 £0.01 1, -
- R(D) = 0.2938 = 0.0054 p=-0. -
— IR(D*) =0.2582 = 0.0051 | P(x?) =27% -
1 1 1 1 1 1 1

0.2 0.3 0.4 0.5
R(D)
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https://hflav-eos.web.cern.ch/hflav-eos/semi/ckm25/html/RDsDsstar/RDRDs.html

Leptonic B decays: B~ 2 v (£=T, M)
Key points

- Theoretically clean: no hadrons at the B decay vertex
-> decay rate directly proportional to fs2|Vub|2 ol

B(Bt — (Tv) = Grmpmy (1 " )2

oyl

- Complementary determination of |Vub|: independent of semileptonic form-
factor systematics

Two channels, different experimental challenges:

- T v large BF, but multiple neutrinos -> missing-energy reconstruction

- V. two-body kinematics, but tiny BF -> strong background suppression

KEK-PH2026 (February 16th, 2026) 17 Yu Nakazawa



[ ]
signal
Belle II Simulation
PRl [ £dt = 365 fh1

Search for B>t v

PRD 112, 072002 (2025) ..

- Strategy .
Reconstruct the tag-side B hadronic decay Q 5
S

Use four tau decay channels covering ~72%:
evVV,uVV, TV, PV

-10

0.4 0.6
Egar (GeV)

Simultaneous 2D fit in (M2miss vS. EecL) across channelsw

T+

IIIIIIIIIIIIIIIIIII

- Observe BF = (1.24+0.41+0.19) x 104 .} —w

[ M2, > 10 GeV?/c*

Evidence at the 30 level el ++ N
consistent with others 3 of | a 2
Statistical-limited.

Main syst.: limited MC statistics in 2D PDFs =}

0 I N R S B
0.0 0.4 0.6

EgEr (GeV)

Extract |Vub| from BF

- Consistent with HFLAV and SM expectation

|V1/tb‘B+—>T+I/T — [441i8§3] x 1073

0.8

—etv.n;

SM SM

|vub | exc |Vub | inc
T T

background.

Belle IT Simulation

PR [ £dt = 365 fh1 70.16
20 0.14
15 H0.12

0.10

10

0.08

0.06

0.04

0.02

0.00

0.4 0.8 1.0

0.6
Ega (GeV)

projection to EecL

——

Belle II (365 fb~1, hadronic)
1.24 £0.41 £0.19

BABAR (417.6 fb~!, semileptonic)
1.7 0.8 =£0.2 Ref. [14]

BABAR (426 fb~!, hadronic)
1.831033 +0.24  Ref [11]

Belle (711 fb~!, hadronic)
0.72%337 +0.11  Ref [12]

Belle (711 fb~!, semileptonic)
1.25 £0.28 £0.27 Ref [13]

2 4 6 38

B(BT = 7Tv.) (x10™%)

KEK-PH2026 (February 16th, 2026)
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https://journals.aps.org/prd/abstract/10.1103/dcwd-5tg4

Pa pe r in p repa rati_on Belle & Belle IT Combined prehmmary [£dt=1076fb~!

Seal"Ch fOl" B%u V 207' T T _

'4' V / - 4 - B_’U- V
,74 [ Rare

N /% mEmm b-c
Analysis strategy - = Commumpale
10 [ 22 ’/I// Is)jzéunc. ]

Single high-momentum muon + missing energy

p> / GeV

Inclusive tag to infer the signal-side B kinematics

Weighted Entries / 0.050 GeV

qq suppression with event-shape classifier 0
E Sp T L L L L
R R 5
| 1 1 s 5 5 8 & . 35 & 8 -
Observe BF = (4.2+1.9%1.9) x 10-7 T R R
. . o o P 2.4 2.6 2.8 3.0 3.2
SlgﬂlflCanCeI 2.40; StatIStha|-|Imlted. Belle&Belle II Combined preliminary [£dt=1076fb~!
[ LY R B BN A A SN
Main systematic: b—u and gg modelings (~30%) 0.25 |- R oo ® -
B [ 44 10% Quantile ]
jan < 7.13x 1077 0.20 | = — Ereduentt uppor Lty -
Sayesian . (90% C.L) 5 ; S o
Frequentist < 6.25 X 10 = 0.15¢ 52713 X107 @ 50% CL
Gy - 1: — = Bgy=4.18 x1077 ]
0.10 i E
Extract |Vub| from BF : )
0.05 | | 7/ —
Consistent with HFLAV and SM expectation 0 00 Foe e 1, /,,‘;. T
corm Fods B 00 25 50 10.0 12.5 15.0
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« CLEO

Tau physics and Belle | o

+ LHCb
Tau is the heaviest lepton -> highly sensitive to new physics " BaBar
» Belle
+ Belle Il (5 ab™)
Many decay modes (~200) . Belle Il (50 ab’)
s b PP st I ihh BNV -
S 10° . . ceces . . =
. T E °° ) o ¢ e o ¢ E
Cross section: 0.9 nb @Belle |l = - L -
@) 10_65_ ¢ o @ _E
. Comparable to BB production (1.1 nb), = , e, T
) 7L Y :"‘X vy v . . v A' v ) Y v . _
l.e., excellent statistics = “Tau factory” & ; T G VPO T
(\210_8;_‘-00 ‘0”00“0”0 t ot A ‘X’ ”".uo‘ ‘000 “: ’—;
Tau physics outcomes: 00 L. e T T e
LFV (t—=3u, T—er, =) - o :

T I L e v I A i e e v
SR RIRASTR T8 LL AL S S oo x 3 3o kbl kb kIR R AT o0 30

**************

5 .o o - . y .y o * *
P03y PICIVIOACIGy 05003530 R EELLLLIRANF R XX KRD D 350

LFU test, mass measurement, ---

Snowmass 2021 White Paper:
Charged lepton flavor violation
In the tau sector

With ML-based analysis and improved systematic control,
we are producing competitive results even at early statistics.
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LFV: Toury

- Forbidden in the SM (LFV)

- Many NP models predict B.F. of 10-8~10-10,

- Belle (988 fb-1): < 4.2 x 108

Analysis strategy

- Single charged track in tag side.
- BDT for background suppression
- Unbinned 2D ML fit to (Mobc, AE)

Results B(t~ — pu v)*P < 5.8 x 107°

B(t™ — u 7)°”® < 9.5 x107°
(90% C.L.)

- Similar sensitivity even with lower statistics
compared to Belle

Paper in preparation

Belle I1 preliminary [ Ldt=427.9tb~!

0.04F - expected 15 7+34 observed: 18
002 0 gemeteamioiit . MC 1 — ptn
\g _ m Data
E R R LR E | [ i S p—— Fit region
A 40 _' ----- Hidden region
—0.04 |

1.0 165 1.70 1.7v5 1.80 1.85 1.90 1.95
Mp. [GeV/c?]

\/ beam ‘pf

AE = ET o Ebeam

T Tl

3 P RO
7 172 174 176 178 18 182 1.84 : : ; . . : : :
M, [GeV/c?] A E/Ns

Z—H ------ piadmecil %Ewl“}*w

¥ |3
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JHEP12 (2025) 169

Search for T —e £ £’ (b channels)

Challenge: dominant low multiplicity background due to electron 1wy == 00w Belle IL / £dt = 428 b
- . L Sig Bt — pFuTe™)= 8.5x 107
- B () /7. MC stat. unc.
. e+e‘—) gg(r) and e+e‘%ee‘g ,g(r) § 1035_- qq ¢ Data
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without exclusive mode reconstruction. . ¢
Mode-dependent BDTs for background suppression 0.0 0.2 0.4 0.6 0.8 1.0
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- Inclusive tag-side reconstruction + BDT give higher efficiency than Belle. M,y [GeV/c?]
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Prospects

- 2026: We plan to run until ~July and reach a total integrated luminosity of 1 ab-!.

During the long shutdown starting in 2032, upgrades are planned for the SuperKEKB
accelerator and the Belle Il detectors.

-+ TDR plan to be published within the next ~2 years.
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Summary

Belle |l has a broad physics program, including
B, D, and T decays, hadron spectroscopy/exotics,
and dark-sector searches.

-~ B
4 v

Thanks to detector performance and improved
analysis methods, we are already producing
competitive physics results.
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push precision and discovery reach with the
world’s leading integrated luminosity.

Data taking continues today.
f
Live event display: https://evdisp.belle2.org/ s
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What’s next: PRD 112, 032011 (2025)
Time-dependent CP violation measurement without a signal vertex

BO— 7m0 O: essentially a 4 r final state, so the signal Bsig
vertex is unavailable, and we are limited to time- Bsig ...~ \
integrated CPV. o-mmp < 55 . at
d2 from B—m  has an eight-fold ambiguity. =~ 7= o = tcP-Ttag
Biag
Integrate the TDCPV formula over tcp; then tiag can
constrain Sce and Ccr. 10 — )
— = HFLAV 2024 inputs :.s_
- This was quite challenging at Belle/BABAR due to limited B- s i | =Sl SR0EE Y
vertex resolution. ~ -== Indirect ¢,
—_ ry -1 ] g
- Belle Il enables a precision g o¢]|| O.36ab :
. . (Runl eq.) ]
reconstruction of the Btag vertex. 044 | v :
P(ttagv Icp, (]) = . 2‘[‘; (1 T (I[SSin A'n(rCP . ttag) Q8 5 ab_-I ?
— Ccos Am(tCP = ttag)])a 0.0 - i
0 20 40 60 80 100 120 140 160 180

- The analysis is ongoing.
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S00=0.65: favored by an indirect ¢2 determination.
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https://journals.aps.org/prd/abstract/10.1103/rzr8-l6l8

Backup
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) Observation of time-dependent CP violation and branching fraction of BO — J/y¥ 7w O, PRD 111, 012011 (2025)

) Measurement of CP asymmetries in BO — KS w0 r decays at Belle Il, PRL 134, 011802 (2025)

) Measurement of branching fractions, asymmetry, and isospin asymmetry for BO — o0 ¥ using Belle and Belle Il data, PRD 111, LO71103 (2025)

4) Measurement of branching fraction, polarization, and time-dependent CP violation in BO — p+ po- and constraint on CKM angle ¢ 2, PRD 111, 092001 (2025)
)
)

Measurement of the branching fraction and CP-violating asymmetry of BO — 7O 7O using Belle Il data, PRD 111, LO71102 (2025)
Measurement of time-dependent CP asymmetries in BO — KS 7+ m— y decays at Belle and Belle II, arXiv:i2510.01331 (to appear in JHEP)

) Measurement of the time-integrated CP asymmetry in DO — KS KS using Belle and Belle Il data, PRD 111, 012015 (2025)
) Search for CP violation in D+(s) — KS K- 7+ m+ decays using triple and quadruple products, JHEP 04 (2025) 036
) Measurement of the CP asymmetry in D+ — m+ 70 at Belle Il, PRD 112, LO3T1101 (2025)
4) Measurement of the time-integrated CP asymmetry in DO — 7m0 7 O at Belle ll, PRD 112, 012006 (2025)
) Measurement of the time-integrated CP asymmetry in DO — KS KS using opposite-side flavor tagging at Belle and Belle Il, PRD 112, 012017 (2025)
) Measurement of the CP asymmetry in DO — 7+ m— 70 at Belle I, arXiv:i2510.21224 (submitted to PRD)

) Observations of the singly Cabibbo-suppressed decays =c+ — p KS, A m+, 20 m+ at Belle and Belle |ll, JHEP 03 (2025) 061
) Measurements of branching fractions of =c+ — 2+ KS, =0 7+, =0 K+ at Belle and Belle I, JHEP 08 (2025) 195
3) Measurement of the branching fraction of Ac+ — p KS 70 at Belle, PRD 112, 012013 (2025)
) First measurements of branching fractions for =cO - A n, A n'and search for =cO — A 70 using Belle and Belle Il data, arXiv:2510.20882 (submitted to PRD)
) Search for CP violation in =c+ — 2+ h+ h— and Ac+ — p h+ h— at Belle Il, arXiv:2509.25765 (submitted to PRD)

1) Search for lepton-flavor-violating 7 — — £ — KS decays at Belle and Belle I, JHEP 08 (2025) 092
2) Search for lepton-flavor-violating T — e ¢ £ decays at Belle I, JHEP 12 (2025) 169
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1) |[Vub]| from simultaneous untagged BO - 71— 2+ v and B+ - 00 £+ v decays, PRD 111, 112009 (2025)

2) Measurement of B+ — 7+ v branching fraction with a hadronic tagging method at Belle ll, PRD 112, 072002 (2025)

3) Determination of |Vcb| using B — D £ v decays at Belle I, PRD 112, 112009 (2025)

4) Test of lepton flavor universality with measurements of R(D+) and R(D*+) at the Belle Il experiment, PRD 111, LO71102 (2025)
)

5) Measurement of inclusive BO — Xu £ v partial branching fractions and [Vub| at Belle Il, arXiv:2512.08056 (submitted to PRD)

1) First search for B — Xs v v decays at Belle Il, arXiv:2511.10980 (submitted to PRL)
2) Model-agnostic likelihood for the reinterpretation of the B+ - K+ v v measurement at Belle ll, PRD 112, 092016 (2025)

1) A search for feebly-interacting particles in B decays with missing energy (Belle, Belle Il Collaborations), arXiv:2601.07104

2) Search for BO — K*O 7+ 7 - decays at the Belle Il experiment, arXiv:2504.10042 (to appear in PRL)

3) Search for lepton flavor-violating BO — KS 7 £ (£ = u, e) with hadronic B-tagging at Belle and Belle Il, PRL 135, 041801 (2025)

4) Search for a dark Higgs boson produced in association with inelastic dark matter at the Belle |l experiment, PRL 135, 131801 (2025) (arXiv:2505.09705)
5) Search for lepton-flavor-violating BO — K*O 7 £ (£ = e, u) with hadronic B-tagging at Belle and Belle I, JHEP 08 (2025) 184

6) Search for an axion-like particle in B — K(*) a (— r r) decays at Belle, JHEP 12 (2025) 109

1) Search for e+ e— — ¥ xbJ (J=0,1,2) near v/s = 10.746 GeV at Belle Il, arXiv:2508.16036
2) Observation of the radiative decay DsO*(2317)+ — Ds*+ r using Belle and Belle Il data, arXiv:2510.27174
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Violation of Fundamental Symmetries with B mesons

New Inputs(?) from BABAR

Dec 15 - 19, 2025
Fermilab Wilson Hall - One West (WH1W)

Experiment R(D) R(D¥) Correlation
BABAR 12 (hadronic tag) 0.440 £ 0.058 £0.042 | 0.332+£0.024 £0.018 -0.27 | .
HFLAV (CKM 2025 average) | 0.281+0.011 0.358 +£0.024 -0.374
BABAR 25 (leptonic tag) 0.316 £ 0.062 £0.019 | 0.226 £ 0.022 £ 0.012 -0.82
PRELIMINARY
3;‘\ 04 T I T T | 1 [ T b [ T T T T [ T T U
- 08% CL contours
. . . . m B a
Systematics still under discussion: ~ I Belle JABAR 12
. . R LHCb"
Normalization BFs _ \
D** modeling 0 Beneb( \ 7~_ < —
. . L N - is average
Limited MC for D** - LHCHY ‘ Y sset = does not include
0 affin; B I ) the BABAR 25
n eﬂ:ICIenCy 0.25 — Ch™ 2 preliminary result
Fit/PDF shape modeling N 8
— F HFLAV SM Prediction Bellﬂy
02—  RODM=025it0.005
We await the final result and its [ LQeDFLAGH Qireg1 for RO
M M M B ! IR(D*l) ~ 0'%582 i-l 0.005|1 L ! L ! | L 1 L L | L ! 1
finalized systematics. 05 03 01 03
R(D) T
David Hitlin December 15, 2025 15 Caltech
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