»

.

, -_ .
"'r

The 17th Internatlonal Conference on Meson Nucleon Physrcs and the Structure of the Nucleon ¥
B .-’ 1: hm«

Recent results from Belle 11

Carnegie Mellon University
Oct 21, 2026

Renu Carnegie

(On behaltf of the Belle 11 collaboration) Mellon
Supported by DOE funding UIllVGI‘Slty




Outline

» Belle II at SuperKEKB: physics program, detector and data sample

» Time dependent CP violation: Photon helicity in radiative B decays and the CKM angle ¢,

« Semileptonic decays: Lepton flavor universality and determination of |V, |

* Electroweak penguin decays: Searches for B - K7t~

e Charm physics: Hadron structure and CP violation

* Summary and outlook



Belle 11 physics program

Primarily a B factory; But not only B physics!

e Also tau, charm factories
* Clean background for
searching for dark sector

Various types of analyses:

* Well-suited for decays with missing energy

and missing mass

» Lifetime, time-dependent measurement

and

e+e- -->ISR, pi+ pi- cross-section> (g2)

ete” — Cross section [nb]

Y (495) 1.05%0.10

cC 1.30
SS 0.38
ny 1.61

dd 0.40
7 (y) 0.919

uru(y) 1.148
ete (y) 300+ 3
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Diversified physics program
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https://arxiv.org/pdf/2207.06307.pdf

Data sample and detector

e SuperKEKB

- Nanobeam scheme increases the instantaneous luminosity by
factor 30 to collect multi-ab~! sample.

- World-record instantaneous luminosity of 5.319x1034 cm—2s~!
reached 1n June 2026

» Target 61035 cm—2s7!

e Belle Il detector

- Nearly hermetic coverage with precise vertexing and charged-
particle tracking.

- Excellent particle 1dentification and efficient reconstruction of
photons and neutral mesons.

- Beam-background control is essential for operation at higher
luminosity.

 Data sample

- Run 1 (2019 - 2022): 365 tb~! at Y(4S5) + 42 tb~! just below the
Y (45) resonance for background studies.

- Run 2 (2024 - present): + ~549 fb~! at Y (4.5)

- Combined Y (45) data: ~914 tb~!, exceeding Belle’s Y (45) data.
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KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(T1), waveform sampling electronics
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Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) + :
4 layers Si double sided strip DSSD &

Central Drift Chamber

Smaller cell size, long lever arm

Belle Il Online luminosity Exp: 7-42 - All runs
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B-physics at Y (45)

Belle II operates at an e e~ collider running at the Y (4.5), which provides a clean environment to
study B meson decays.

e Advantages:
* Low particle multiplicity supports efficient reconstruction of neutral particles.

« Known 1nitial-state kinematics allow missing-momentum reconstruction for decays with
neutrinos.

o Coherent B"B" production enables time-dependent CP studies.
* An inclusive trigger retains nearly all B decays.

* Disadvantages:
* B production rates are much lower than at hadron colliders.

« AttheY(4S$),no B, B, or /A, are produced.

Today’s talk highlights Belle II’s strengths 1in studying decays with neutral particles and neutrinos.



Kinematics and Continuum Suppression

Energy difference (AE) Beam-constrained mass (M, )
o Collisions at the Y (4S i . ? _>
(45) AE = E; — \/3/2 Zf:ta:lnuum ; My =1/ s/4 —PZQA

- \/E — 1058 G@V ~ sz: BB pairs arc : BB background ‘

produced nearly at rest in the center-of-mass | . Ssignal

frame ” ; Continuum

. : b BB background

- Precisely known beam energy constrains B

-candidate kinematics through AE and M, .

0.3 <02 -0.1 0 0.1 0.2 0.3 5.2 5.22 5.24 5.26 5.28 53
AE (GeV) My (GeV/c?)

e Continuum ¢gg events: back-to-back jets Energy conservation Momentum conservation

produce a jet-like topology.

e BB events: B mesons are nearly at rest in the
c.m. frame, giving a more spherical event
topology.

e Multivariate classifiers combine event-shape
variables, such as thrust and Fox-Wolfram
moments, to suppress continuum.




Time-dependent CP violation

Photon polarization and the CKM angle ¢,



Time-dependent CP violation

o Atthe Y(45), neutral B mesons are produced as a quantum-
correlated B'B" pair.

e Reconstruct the signal B in a final state accessible to both BY
and B.

e Identify the flavor of the tag B using its decay products.

e Asymmetric beam energies boost the BB system, allowing
precise vertex reconstruction to determine the decay-time
difference.

e Fit the flavor-dependent Az distributions to extract the
mixing-induced CP parameter S and
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-022-10180-9

Probing photon helicity with time-dependent CP violation

« Radiative b — sy decays are sensitive to new physics.

* The Standard Model predicts predominantly left-handed photons

- the right-handed amplitude suppressed by m /m,, leading to small Direct decay
mixing-induced CP asymmetries. 7
* New physics could enhance the right-handed amplitude and produce a
larger asymmetry. Mixing Decay
EO

: , , Interference probes photon helicity
* Method: measure the decay-time difference between the signal B and

the flavor-tagged B meson.
* Belle and Belle II studied this through:
. B - Kgﬂ' Ty

. B - Kgﬂ'o}/



Time-dependent CP violation in B’ - Kgﬂ'_l_ﬁ'_}/

arXiv:2510.01331v2
- . _ —1 875 <r Belle IT [ £dt=365fb~!
. 1 1 0875 <r<1 BELLE [ L£dt=711fb 0.876<r<1 .
» Data: Belle 711 tb~! + Belle II 365 b o o | o[t D S ——
: : 2 b Belle Pull fit | 5 Full i clic
 Decay proceeds through intermediate = L T
. RO 0_+__— ~ 30k ——= B fit | S~ 20f " Bigfit
resonances: B® — K.y = K¢n'ny. P g | ’
. T < 20f S 10|
» Contributions such as K™~z are not CP = =l
. . c e < 10 < I
eigenstates and dilute the sensitivity to o | SN R = R N
SKO 0r/e 0
sPY z 1] z 1
' ' : : = of === = 0
e 3D unbinned maximum-likelithood fit to = o P,
< —1 [ L 1 | . _ :
Mbm AE, and At —10 —5 0 5 1( —10

- extracts S and C.

S=-029+0.11,, +0.05

Syst Uncertainties are

C=—017+009  +0.04 statistically dominated
— Y =YW gtat — Y-

Syst

Most precise determination of S in any b — sy transition

Improves uncertainty on § and C by at least a factor of 2 vs. previous measurements

PRL.101.251601
PRD.93.052013
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https://arxiv.org/abs/2510.01331
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.251601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.052013

Time-dependent CP violation in B’ - Kgﬂ'_l_ﬂ'_]/

arXiv:2510.01331v2

» Two new observables, S™ and S, defined in halves of the Dalitz plane

- Provide further constraints on the photon polarization
JHEP 09 (2019) 034
§T = Sup T Sdown’ 5™ = Sup — Sdown ' Sdown

« Uncertainties are statistically dominated. -
C§<U')
+ | &

§7T=—-057%x0.23,,  * ().1()Syst gup

S5 =031%£024 =+ ().()5Syst
m?4(K2mt)
o First measurement of CP parameters S™ and S™. Divide the Dalitz plane into two halves,

210+ 2(10._—.
 Further constrain new-physics models with enhanced right- ) mz(K% 4 +) > mz(K% a _)- up
handed currents in B — Kgﬂ'_'_ﬂ'_}/ transition. » m*(Kgn™) < m*(Kgz™): down
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https://arxiv.org/abs/2510.01331
https://link.springer.com/article/10.1007/JHEP09(2019)034

Time-dependent CP violation in B’ > K Oﬂoy

JHEP 09 2026. 216

. : 1 4+ 1
Data: Belle 711 b Belle 11 493 {b K*(892) region

» Complementary channel with CP eigenstate final state. e e Jracmsn  Belle T poinary oot —s0i

e Measure S and C in K¥(892) and regions.
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* Simultaneous fit to time-dependent and time-integrated
samples:

Signals / (2.0 ps)
S
Signals / (2.0 ps)
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O
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- Extracts S and C.

Asymmetry
-

Asymmetry
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- Uses M, ., AL, continuum suppression output.

10

- Includes At for the time-dependent sample.

Sge, = 0.09 £ 0.16,, + 0.02, ., Spom_icey = — 0.32 £ 0,33, £ 0.09,
Uncertainties are
C., = — 0.09 %+ 0.08,,, + 0.04 Crom_icey = — 0.07 £ 017, + 0.08, | Staustically dominated.

Most precise S and C measurement to date in K*(892) region
Results are consistent with SM - no evidence yet for right-handed photon (BSM)

12


https://dx.doi.org/10.1007/JHEP09(2026)216
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* CP asymmetries and decay rates in 0-1
B — nr, pp, and px constrain it through 1sospin 00,
relations.
L
 For B — 7zwr, a key missing input was time- ?
dependent CP violation in B — z°z" decay. —

 Belle II has now made the first measurement,
improving the B — zz constraint on ¢,.

a P ¥ = @y P15 P
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Time dependent measurement of 5 O > 72979

* Usual method: measure the decay-time difference between the signal B Usual Method B

Slg\
and the flavor-tagged B meson. Bsg _.--- o
———— At
: - 0 00 R . e—
* No signal-side vertex for B — 7 7" 1n the usual four-photon final state. = ~—— - =
- A’ — ete y decay provides charged tracks, allowing vertex IRy
reconstruction in only about 2% of events. By

* At Belle II: the small collision region and pixel detector allow a precise

. . PRD 112. 032011 (2025)
measurement of the tag-side decay time, 7,,,.

f — Belle
0p0 .- - = | — Belle |l
* The B”B" pair from the Y (4S) 1s quantum correlated, so the CP 2 0ol — BABAR
asymmetry influences the 7,,, distribution. > |
(=) g
Bsig .-~ 1™ 3 |
0 | IS
T 0.1F
New Method .- o= o L%’ |
- I~: —
tag B
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https://journals.aps.org/prd/pdf/10.1103/rzr8-l6l8

0

BY = 797V results

 Data: Belle II 365 1tb!

e Fit to M, ., AE, wrong-flavor probability, continuum

suppression variable, f,,, and o(%,,)

» 171 + 24 signal events

S0 = 0.61707> (stat) £ 0.11 (syst)

T

C_ o0 =0.05=%0.28 (stat) £ 0.07 (syst)

T

First measurement of mixing induced CP
violation in the B — 77" decay

arXiv:2606.20797
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https://arxiv.org/abs/2606.20797

BY 97": impact and outlook

—> T T

e Clear impact on the measurement of ¢,
with just 0.37 ab-!
» Control samples for the #,, resolution

model which 1s largest systematic
uncertainty

* Significant improvement will be made
with a large Belle II data sample

Belle Il preliminary

arXiv:2606.20797
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https://arxiv.org/abs/2606.20797

Lepton flavor universality (LFU)

R(D) and R(D*)



Hadronic 5 tagging for decays with missing energy

Comput. Softw. Big Sci. 3 (2019) 6

. . Tagged
» Fully reconstruct tag B meson 1n hadronic decay 58
modes. 6
- B - DY ma® na®, wherem>1n>0 G
» Use tag B four-momentum and the known 1nitial state Bihg ;/
to constrain the signal B. /) BY,
Reconstruct

» Assign the remaining particles to the signal decay and B with

reconstruct the missing momentum. tag ™
hadronic @

* Machine learning algorithm used to boost efficiency as decay modes
much as possible.

* Low tagging efficiency (< 1%), but a powerful tool for G @ W

studying decays with missing energy.

18


https://link.springer.com/article/10.1007/s41781-019-0021-8

LFU in semi-leptonic 5 decays

» Semileptonic decays provide clean tests of lepton flavor
universality (LFU).

8% CL tontours

» Ratios of decay rates reduce form-factor and
experimental uncertainties: 0.35

BB — DW1y)

R(D™)) = , £ =e,
D=6 D®¢,) g .
. Long-standing tensions in R(D™) mqtivate searches for 025 g, Do -
new contributions, such as charged Higgs bosons or —
leptoquarks.
ptoq 0.2 4 HELAV SM Prediction ?E‘“—“M‘:ﬂi“'“:?"""
. . . . . R(D)=0.298 +0.004 (D% =0.287 205,
* New physics coupling mainly to the third generation RDH =0.254 £0.003 B 2%
could be difficult to detect in high-p, searches. 0.2 0.3 04 0.5

R(D)

Additional rate and angular measurements are
needed to clarity the situation.

19



LFU: R(D) and R(D™)

 Data: Belle Il 365 {fb!

» Hadronic B tagging constrains the signal kinematics and
enables reconstruction of:

o M?. :broad for B — D™7u_but peaks near zero for

B — D™¢v, (normalization)

» Ercp: unassigned calorimeter energy; signal peaks near
ZEr0.

» Simultaneous 2D fit to M2 and Eg; across five samples:

D*_I_,D*O N D()]Z'O, D*O N DO}/, DO, and Dt

 Systematics — simulation sample size for templates, D**
model, (7', y) efficiency

arXiv:2609.21947

Fit projection for one of the five samples.

10%; —
: Belle Il preliminary
103k JL dt=365fb""
D*— D%
102_
50}
///W
0
3
Or
_3- 11111111111

60
40

20_‘

Belle Il preliminary
JL dt=365fb""
D™ — D%

WO wWo
D

R(D*) = 0.242 £ 0.019,,, + 0.016

R(D) = 0.439 + 0.055,,, + 0.046

A —

Most precise determination of R(D) and R(D?™) to date
Consistent with Standard Model predictions and previous measurements
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https://arxiv.org/abs/2609.21947

Comparison with other results

R(D*)

0.35

The world average ditfers

from the SM prediction by 3.806 Y~
0.25
* R(D) tension with SM 2.5¢
e R(D™) tension with SM 2.3¢
0.2

CKMZ2025

Belle®

1 1 1 I 1 1 1 1 I 1 1
X/ 68% CL contours
BaBar

C S
N

/\.

PRD 112, 032010

\i//lnl

+

HFLAYV SM Prediction
R(D) =0.296 = 0.004

R(D*) = 0.254 = 0.005

Bellella\

R(D) =0.358£0.024_ .

+ 1.-QCD FLAG24 (Nf=2+1 for R(D*)) R(_DT)) ;72-281 £ 0.011,,, -
R(D) = 0.2938 = 0.0054 p=-0. -
R(D*) =0.2582 + 0.0051 P(x") =27% —

| I | | | | | | | | I | | | | I | | |
0.2 0.3 04 0.5
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https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://arxiv.org/abs/2609.21947

CKM matrix

Determination of |V , |




Semi-leptonic 5 decays - CKM matrix

Semi-leptonic B decays are studied to determine the CKM elements
| Vep | and [V, |.

e |V | limit the global constraining power of unitarity triangle fits.

The determination can be: exclusive (single final state) or inclusive
(sensitive to all final states). %

|
|

A long standing tension

Arxiv:2411.18639

I 1 1 1 I 1 1 1 I | |
68% CL contours

Inclusive
IV, I: GGOU
IV,,|: global fit

0 !

‘ 2023 \

— 48 — T
. :CZ 4.6 E_ Exclusive [V |
Experimental Status: = Exclusive IV,
Z:' 49 C IV, V|
e Determinations of both |V .| and |V ,| exhibit a discrepancy at JE Average
the level of ~30 between exclusive and inclusive. 38 E-
. . . . . 3.6
* The current experimental focus 1s on understanding the origin of 1|
this discrepancy, as this inconsistency limits the power of precision 32 E-
flavor physics. 3E
2.8
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36 38
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https://arxiv.org/pdf/2411.18639

Inclusive B — X v

» Data: Belle I 365 fb~!, using hadronic B tagging.

* Main challenge: B — X £v background 1s about 50 times larger.

PRD 113. 032004

» Three phase-space regions: £2 > 1 GeV, adding M, < 1.7 GeV, then ¢~ > & GeV~.

» Template fits to EZ, g in the first two regions and EZ in the third; with a control region that constrains

charm background.

OF T T T T T

[rdt=365fb"1
T T T T T |

x1
2.0
7 Other background
75| I B- XJAv
B Signal

L 22%% Uncertainty
¢ Data

Nominal results

[ [ [ 7
Ef€[1.0,1.3) ! E}€[1.3,1.6) | Ef€[1.6,1.9) | Ef €[1.9,2.7]

SR
EZ > 1GeV -

x103Beue II

1.60

1.40

1.20

1.00

Events

0.60 +

0.40

0.20

0.80 +

[rdt=365fb"1
I et

B B-XAv

. I Signal
5% Uncertainty
® Data

0.00 NS

& 1.25]

©

-+t
®© 0.75}

1 ) ) ]
- [ Other backgrounds

|
[ Ef€[1.0,1.3) | Ef€[1.3,1.6)

SR
EZ > 1GeV
My, < 1.7GeV 1

EEE€[1.6,1.9) | EE€[1.9,2.7] ]

- -t
000000

L |
S~ 1.00 %2

[cdt=365fb"1

- 71 Other backgrounds
8.00

Bl B-XAv
(Il Signal My < 1.7GeV |
| %% Uncertainty g> > 8GeV? |

| ¢ Data

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

SR |
EZ > 1GeV |



https://doi.org/10.1103/59ws-zxbt

Inclusive B — X v

« Determine |V, ,| from measured partial branching
fractions 1n 3 different phase space regions:

A%(B —> Xufl/f)
(71X AF(B —> Xufl/f)

‘Vub‘ —

Nominal results: |V, | in EZ > 1GeV with GGOU
theoretical framework:

syst_o:ogtheory
Covering 87% of phase space

* Main systematic uncertainty: modeling of the
inclusive B — X v spectrum.

BLNP model:
PRD72.073006

DGE model:

JI

EP 01 (2006) 097

PRD 113. 032004

GGOU model:
JHEP 10 (2007) 058

Consistent with previous inclusive measurements

25

HFLAV inclusive

HFLAV B - iilv

Belle Il
This |
measurement BLNP . E
EE>1 GeV DGE :
GGOU —-
BLNP +——e §
FE>1 GeV B
My<17Gev § PCF -
GGOU +—— i
BLNP o
E7 >1 GeV i
My < 1.7 GeV DGE o i
g’ > 8 GeV? i
GGOU ° |
:

vvvvvvvvvvvvvvvvvv
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2006/01/097
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://doi.org/10.1103/59ws-zxbt

Electroweak penguin decays

Searches for BT - K*vi, B —» Kt 't~



BT - K up

e Theoretically clean and third generation sensitive flavor
changing neutral current b — s£¢ transition

qq B(—Kvv)B

e Inclusive tag developed that exploits topology: 8% efficiency

e Results are cross checked and combined with the lower-
efficiency hadronic-tag measurement.

e Fit to squared invariant mass of neutrinos (qz) and classifier (#)

Inclusive + hadronic tag measurement:

__ —

Bt - K*wp) = 2.3 £0.5 (stat)*)!

Z (syst) X 107>

e
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Candidates

Pull

PRD 109, 112006 (2024)

n(BDTs)
0.92 0.94 0.96 0.98 1.0
3000 nteme
j . Belle II :
[Ldt=(362+42)fb! M B —K " ww
: : 1 B'B’
2000 : == BB-
: B Continuum
: ¢ Data
1000
0
5
0 oo e B e = lmmang PO - -
| | I | | 1 | | 1 | |

o

-1

4 8 251 4 8 251 4 8 251 4 8 25
¢z [GeV? /et

Evidence @ 3.50

2.76 Tension with SM
prediction of 0.6 X 107


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

b — st77” decays

ot - SM
 The b — st¥¢~ transition occurs only through loop and box Predl.CtIIOIII (l)f? (l? 7 T?) = funlCt'lO'n f)fRX IRy

diagrams in the SM, with branching fractions of order 10~’. | O Ryw8Rm 20 PRL 12_}0, 181802 (2018)]

10+ B R &Ry 10

B Br[Bg- 17]
B Br[B-oK"11]
B Br[B->K171]
Br[Bs— ¢11]

« New particles, such as leptoquarks or Z’ bosons, could
enhance the rate and help explain flavor anomalies.

» These decays directly probe new physics coupling to third-
generation leptons.

Br x 10%

* Multiple neutrinos make reconstruction challenging; hadronic
B tagging constrains the signal kinematics.

e Tau reconstruction:

- leptonic decays for BY - K¥r*r™,

R/ R P B(b — ctv)

- single-prong leptonic and hadronic decays for =
B(b — cfv)

B’ — Kttt

28



BT - Ktt7t~

PRL 137, 051805
12
. . 1 ~1 -
Belle + Belle Il data: 711 +3651tb™ ~ 1.1 ab™". >  Belle 1 e 365
. . . _ —e— Dat
* Hadronic B tagging with both 7 leptons reconstructed E 107 _— Siagr?al x 10
thr()ugh T — f LV. 8 8 _ FrER: go%
E . . . N ] Continuum
« k... unassigned neutral calorimeter energy, peaks near = . < Simulation
zero for signal. - uncertainty
Template fit to E % 4 \Nk\ N\
p extra g \\&\\%&@
* No significant signal observed. C 2 TR ¢
— —_— 0 02 04 06 08 1 12 14 16 18 2
BBt - K'tt17) < 5.6 X 107*  at 90% CL E... [GeV]

Most stringent limits to date

29


https://doi.org/10.1103/12f4-z51q

BY - KgT_I_T_

 Belle + Belle II data:
711 +365fb 1 ~ 1.1 ab™!

* Hadronic B tagging.

* Reconstruct single-prong 7 decays 1n five
categories: £7, . h™, p£, and no-2,
where £ = e, u and h denotes a charged
hadron.

* Simultaneous binned template fit to the

Multivariate classifier output (©”) across all
categories and both datasets.

* No significant signal observed.

0] ! category (Preliminary)
200 f f
£
_Q #
~ 150 ¢ +
2 s
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% 100 ‘ | ,
s
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. 4
g 0 ‘
g 1.25 ¢
£ 1.0 bt .+,.........“...“..+_....,..%
o 0.75 ¢
o . . .
© 0.4 0.6 0.8 1.0
(9/
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5 300 ,0
9
QCJ 200 |
>
w g
100 i --.-*-.-
N ——
8125 | | |
E 1.0 s L % *.-. +...m.¥,
© 0.75 ¢
@ 0.5 ‘ . .
™ 0.4 0.6 0.8 1.0

BB’ - KJrtt7) < 83 x 107 at90% CL

Multivariate classifier output (O°) arXiv:2607.25607
L~ h* category (Preliminary) £*h~ category (Preliminary)
200 ¢t 300 |
= =
P 5 200
o 100 s
> >
- ¥ 100}
‘-_hu‘
g O g
S125) | | } 8125
E 1o E,,...*...,.w+.+~.¢.-+.+..+...+.4...+. | E'T
© 0.75 ¢ 1 © 0.75
© 0.5 : : : © 0.5
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o4
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_f cdt =365 fo
= 600 no f
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€ 400 ;
3 —— Signal excluded x10
® 200 < 1 BB
h - T
[ 0 | ' ' 7222 Uncertainty
Q1.25 | : e Data
E 1.0 b%w‘v%‘*#ﬂ“k*#*ﬂ*+m—#
© 0.75 ¢ :
© 0.5 : : :
o 0.4 0.6 0.8 1.0
o4

Most stringent limits to date
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Charm physics

Nature of D,(2317)™ and CP violation



Exploring charm

e"e” — two charm hadrons + fragmentation particles

_|_ —_ —_
eteT — c¢Cc — Dtag Xfmg Dsig

» Charm provides a unique setting to study weak decays of an up-

type quark.
cu

 Flavor tagging 1s essential for neutral-D CP violation and mixing I

measurements, using decays such as D** — DVz*
» Radiative transitions and baryon decays probe hadron structure,

low-energy QCD, and diquark correlations. 44

: . . D**(cd) + X’
» New decay channels, precise branching fractions, and resonant (cd)
L—W D>x<+ N DO +

substructure help test theoretical models. KO+
s%

» Rare decays and CP violation provide complementary searches
for new physics.

Today: selected highlights in hadron structure and charm CP violation.
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First observation of D(2317)" — D"y

PRL 136, 241901
1500 B ¢ Belle Data Total Fit
< -  sesses Total BKG Combinatorial BKG
e The nature of D(2317)™ remains uncertain; e @ D;" Sideband
1000
O
- Its mass 1s lower than quark-model expectations. E
oy . . _ 500~
» Possible interpretations include a c¢s state, a DK molecule, a compact » ; i
tetraquark, or a mixture. § i
1Ll 0
o It lies below the DK threshold and decays through the 1sospin-violating | S e e S e e
+ D+ 0 2.3 2.32 2.34 2.36 2.38
channel D 0(2317) ¢ T . M(D}"y) [GeV/c?]
 Measuring or constraining 98(D,(2317)" — D;Ty) helps distinguish ST —
thGSC 1nterpretat10ns. < IR Total BKG Combinatorial BKG
(\.) 600 — D:* Sideband
: : : : > I + 4t
» Unbinned maximum-likelihood fit to 2 e T
M D>x<+ - M D>X<+ M D+ D*+ 2
- ( S}/)_ ( S}/l)_ ( S}/z)_l_m( S) ?) 200'_= ' 1 e T
Removes effect from mass resolution of the D™, c |
2 5 ML
o e e — e
2.3 232 234 236  2.38

M(D.*y) [GeVic?]
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First observation of D(2317)" — D"y

PRL 136. 241901

. Belle + Belle II data: 980.4 + 427.9 fb~! 35 *

—* S state

» Extract the branching fraction ratio, R: 30

Molecular state
25

X
o Tk
© [
0C 25
- - * Exp:7.13+0.75
, _ c F
B(DH2317)" — D** 5 PF| Experimental band
R = Dy ) = (7.13 £ 0.704,, = 0.26,) % © f P
% (D#%(2317)* — D n0) I 15
O . I o [
-_g 10—
- | '
T o
. af u R |
* Measured ratio generally exceeds molecular-state N R R TR T SN A T R TR N TR B
. . . - C . IS
predictions but lies below some quark-model predictions. S Godffeyo’anﬁé,’ghofe Sargeedessiy Utz Sé‘/{’,? Sco:{%ven

» Theoretical interpretation remains unclear
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CP asymmetryin 27 — X h"h~ and AT — ph™h~

* First measurements of individual CP asymmetries

in=E" — XTh™h™ and AT — ph™h~, with

h=K,r.

» Belle II data sample: 428 fb~!.

Acp(Bf = Zntn™)
Acp(AS = pKTK™)
Acp(AF = prtr™)

Acp(Br - SYKYK™) = (3.7 £ 6.6 + 0.6) %

(9.5£6.8x0.5)%
3.9+x1.7x0.7)%

(0.3£1.0£0.2)%

» Uncertainties are statistically dominated.

No significant CP violation observed

H
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w
o
o
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https://doi.org/10.1103/s2gy-c3vh

CP asymmetry in D° — 7zt 7~ 7"

PRD 113, 052006

» Search for CP violation in a singly Cabibbo-suppressed

— -1
charm decay. 20, Belle Il [Ldt=428fb

» Belle II data sample: 428 fb™!. el
» D** tagged sample for D° — 7zt 7z~ 7". |
1.0 |

» Extract signal yields using a 2D fit to m(D") and ° | Aco=(0.29 = 0.27)%

Am = m(D*) — m(D). o 05f ‘
<
L L 0.0 |
Arp=(029£0.27, * O.IBSyst) %o 0s
—-1.0 | I | | ]

00 01 02 03 04 05 06 0.7

e Most precise measurement with 34% better precision
b ’ P Icos Bcm| (D°)

than the previous best result.

Consistent with no CP violation.
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Future outlook

 The clean e*e™ environment and efficient neutral
reconstruction offer substantial scope for improved
precision.

» About 2% of the target 50 ab~! dataset has been
collected; larger samples will enable more precise
measurements and broader rare-decay searches.

* Combined Belle + Belle II analyses and refined
techniques will further improve sensitivity.

* Planned accelerator and detector upgrades will support
higher luminosity and improved performance.

Much more to come from Belle 11!
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Summary

» Belle II 1s delivering precise and unique measurements across a broad physics programme.

» Radiative B decays probe photon helicity through time-dependent CP violation.

« New CP measurements constrain the CKM angle ¢,.
 Semileptonic decays test lepton flavor universality and determine |V, |.

» Electroweak penguin searches set stronger limits on B — Kt7 7.

* Charm measurements probe hadron structure and extend CP-violation searches.

» These measurements highlight the strengths of the clean e"e™ environment, precise vertexing, and
efficient neutral reconstruction.

* The results presented today represent only part of Belle II’s physics programme.
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Other highlights from Belle 11

* A few examples from the broader physics programme, beyond the results covered today.

e Hadronization

PRD 111, 052003

 Quarkonium and spectroscopy

ete” - nY(2S),nY(1S),yX, PRD 113, 1051102
ete™ = yy,; (J=0,1,2) PRD 113, 052009

ete” - Y ,(1D)y (J = 1,3) arXiv:2607.04369
e*e~ — wtr~Y(1D)JHEP 06 2026, 278

X(3872) = 7% (1P) and X(3915) — 7’ (1 P)
arX1v:2606.24578

Dark sector

- B = DX and BT = hX

1nv 1nv

arXiv:2601.07104

(h = n*, K™, Dsi,pi)

Electroweak penguins

- B > X PRL 136. 231801

Hadronic B decays

. Bt > 3,(2455)**E- and B’ - X(2455)°E°
arXiv:2606.12905

Tau physics
- 7 = puty arXiv:2608.23009

Belle II’s clean, low-multiplicity environment enables this broad physics
program, from spectroscopy to searches for new particles.
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R(D) and R(D*
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