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The big picture

@ Standard Model successful yet incomplete

@ Promising to search for New Physics at the intensity frontier:
precise tests of the Standard Model can probe energy scales
inaccessible to direct production

@ Important to select modes sensitive to New Physics both
theoretically clean and experimental accessible

Main goals of B-physics
@ Null tests of Standard Model
@ Neutral meson mixing and flavour-changing neutral currents 74% o EnERGY

\22% DARK MATTER

@ Tests of lepton flavour universality (LFU) \J #

@ Precise measurement of CKM elements S bl
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Advantages of an et e~ flavour factory

@ Known initial kinematics and good hermeticity

» possible to fully reconstruct events with invisible particles
@ Clean environment (average 11 tracks per event)

» efficient detection of neutrals (y, 7%, 0, ...)
@ Run at the Y/(4S) mass just above BB threshold

» Relatively low background B n N
» Data off-resonance provide control sample without BB Eom =M M)

0.00} PEP-I / BABaix r=~#(multihadron)/#(Bhabha)

Y(4S)

Hadronic cross-section
@+/s = 10.58 GeV
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Tools atan e™ e~ flavour factory

@ Optimised variables to exploit information on initial

kinematics

@ Exploit different event shape to separate BB from continuum

background

AE =Ef—+[sI2 M, = \[/s12* —p}

Signal
Continuum
BB background

03 02 -01 0 0.1 02 03
AE (GeV)

Expected AE ~ 0

Signal
Continuum
BB background

5.2 . 5.24 T 528 53
My, (GeV/c?)

Expected M. ~ my

%
4-+

B) ~0.3GeV/c

ete”™ — T(4S) — BB

p(q) = 5GeV/c

cte” —q@ (q€ {u,ds,c})
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How to deal with missing particles

et

@ Exploit the information from the other B of the event

@ Possible to reduce background by requiring no extra 7\_\/7\ N K
particle in the event and low Extra energy in the f{‘“j‘ﬁ(‘@% )
calorimeter - v

N . . €
Signal decay with neutrinos

Background with

unreconstructed particles Inclusive Tag
A e=0(100)%
Consistency of By,

Candidates

Py Semileptonic Tag - -
s| e=omm —LS ]S
£ Knowledge of B, s <
/_\ h}
I Hadronic Tag /
0 1 2 c—o0)% —a&& ’
Bt Exact knowledge of Bmg\<
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Common variables for B — (X)lv decays (only one neutrino missing)

@ Leptonic system mass squared g2 = (p; + p+ )2

@ Missing mass squared M2 .
2EFEF —ME—M?
@ cosdpy = —E LB Y Y = Xl system
2|pg'lpy |
—— 1 missing neutrino — 1 missing neutrino
—— > 1 missing particle >1 missing particle
I l ! T T e
-1 0 1 -2 0 2
12
cOs eBY 1\Imiss
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Selection of recent results

@ Search for B — hX,,

@ R(D) and R(D*)

@ Search forB™ — ptv

@ Search for time-dependent CP violation in B® — K9t n—y

Datasets used

on-resonance off-resonance

D . y
<o 711 fb 90 fb

1 1

o 365 fb~ 42 fb~
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B — hX;,,

arXiv:2601.07104


https://arxiv.org/abs/2601.07104

B — hXj,,: motivations [arXiv:2601.07104]

e First direct search for B* — hXj,,, h = n*t K+, D pand B® — BOX,-,W

@ Absence of new physics at the energy frontier motivates search for new feebly interacting
particles

@ Many candidates (axion-like particles, dark scalars and dark baryons, ...)
@ Possible link with open problems (strong CPV, baryogenesis)

i:\/: Bt u yp

[Y. Zhang et al., arXiv:2306.03464]

B+

[G. Elor et al., PRD 99, 035031 (2019)]
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https://arxiv.org/abs/2601.07104
https://arxiv.org/pdf/2306.03464
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.035031

B —

hX;,,: analysis strategy

[arXiv:2601.07104]

Optimised for two-body decay kinematics

Hadronic tag — momentum of By, is known

Require no extra tracks in the event and EZ® < 1.5 GeV
Two consecutive BDTs to reject background based on event

shape variables, M2 .., E2Ya and Byqg energy

Momentum of the hadron in the Bgg, rest frame is
monochromatic and depends on the mass of Xy,
Bump-hunting on my distribution by fitting a two-Gaussian
signal shape over Kernel density estimator for background
Veto around SM resonances

Validated with B+ — J/WK+ and B — D°x®

Bell
[ £d

20 225 2.30
poo [GeV/e)

2.35 2.40

Giulio Dujany (IPHC - CNRS, Strasbourg) B Physics at Belle and Belle Il

La Thuile 2026 10/27


https://arxiv.org/abs/2601.07104

B — hX;,,: results

[arXiv:2601.07104]

@ Look also for X — yy with different lifetime
» analysis not optimised for this case

@ No significant signal observed

@ Set 90% confidence level upper limits ranging from 10~ to
10~¢ across all channels

@ These limits can be applied to phenomenological models

1072

1074

= 10
= 2
< B
3 g
< !
S PN \ Belle preliminary
3 gl ‘ i J LTIl !
1075 —— B* - pX (this work)
-——- B' - pX (BABAR)
Oly
1076 o o
0 1 2 3 s 4 5 o 15 20 25 30 35 40
1) o )
mg [GeV/c? m(yp) [GeV/e’]

10°?
1074
107°
10—1)’

10

107°
10-¢

BY 5 tX Belle preliminary
[ £dt =711 !

—— X invisible
X—y:
7x = 2500 mm

1000 mm

v = 500 mm
¢7x = 250 mm
7y = 50 mm
B 5 pX
Al
™ A
A
B* — DX B® = D°X
0 4 0 2 4
mx[GeV/c?]
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https://arxiv.org/abs/2601.07104

PRD 112, 032010 (2025), BELLE2-PUB-PH-2025-034


https://arxiv.org/abs/2504.11220
https://docs.belle2.org/pub_data/documents/4649/

R(D™)): motivations [PRD 112, 032010 (2025), BELLE2-PUB-PH-2025-034]

w- Hézi vr
()
R <D(*)) — B(B — D™ tv4) _|o > > |
B(B — D*)lv)) _ B _D
d < d
@ Test of lepton flavour universality involving third generation
@ Longstanding tension with SM prediction
— A %4y et ey 2024 status before Run 1Belle Il results:

F ] 3.20 tension with SM

:_ _: Experiment  Channels T decay mode Tagging / Notes

E = BaBar R(D),R(D") T =l v Hadronic tag

C - Belle® R(D),R(D*) T = v, Hadronic tag

r Belle® R(D*),P-(D*) 7~ —# (n%)v.  Hadronic tag
025 Belle® R(D), R(D") T = v, Semileptonic tag
T ] LHCb* R(D),R(D") T = v

E 1 LHCb® R(D*) 77 =37 (7")y, via K(D") ratio
0.2 = $HFLAV SM Prediction ﬁ::)‘)::(»(:§§71+kA‘fv(:‘§yfl“ - LHCb® R(D+), R(D*+) T gy,

F o228 00 003, I ] Belle Il R(D* T = T, Hadronic tag

PR [ SR SR SN TR [N TR S SR SR [ TR SR S S S S S
0.2 03 0.4 05
R(D) See [HFLAV]
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https://arxiv.org/abs/2504.11220
https://docs.belle2.org/pub_data/documents/4649/
https://arxiv.org/pdf/2411.18639

R(D™)): Two analysis [PRD 112, 032010 (2025), BELLE2-PUB-PH-2025-034]

PRD 112, 032010 (2025)
@ Semileptonic tag (higher tag-side
efficiency but lower purity)
@ First R(D™*)) with full run 1 dataset and
first combined R(D) and R(D*) analysis
at Belle Il
@ Restricted to B® modes

D)+ in 13 final states
T— vy

BELLE2-PUB-PH-2025-034
@ Hadronic tag

@ Supersedes previous R(D*)
measurement with hadronic tag

@ Reconstruct both B® and B* models
Both D** — DO/£7+/0 and
D*O N DOT[O
D reconstructed in 11 decay modes
T— vV
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https://arxiv.org/abs/2504.11220
https://docs.belle2.org/pub_data/documents/4649/
https://arxiv.org/abs/2504.11220
https://docs.belle2.org/pub_data/documents/4649/

R(D™)) with semileptonic tag: analysis strategy [PRD 112, 032010 (2025)]

Belle 11 [ Ldt = 36567

@ 3-classes BDT to separate between
» B— D)y,
» B— DLy,
» Background events

07

@ 5 variables (main ones are cos 9gy and

extra
EE CL

@ Each eventis assigned BDT scores z-,
Z|, Zpkg

@ 2-D binned fit of z; and
Z4iff = Z| — Zpkg

@ Fit performed over 4 separate
channels: Dte~,D*u~,D*te™ and

2r 2

Other backgrounds

Density of data events

0.0
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https://arxiv.org/abs/2504.11220

R(D™)) with semileptonic tag: results

[PRD 112, 032010 (2025)]

Measurement is statistically limited

R(DT) = 0.41813-973 (stat) "9 Oee (syst)
R(D*') = 0.3067 393 (stat) "9 (syst)

Main systematic uncertainties
o Finite size of the simulated samples

@ Lepton indentification efficiency and fake
rate corrections

Belle 1T

Number of events

Data / MC

4000

3000

2000

1000

0.5

J Ldt=365fb!

D * T, D
post-fit

m BO-D"" ¥ 10, + BO-D 5 W in D* 1
. B°-D"" 4T, + BODg. 19, in D 8
B BB and Continuum Bkg. in D *¢
Bl BB and Continuum Bkg. inD**1

Uncertainty
¢ Data

0 2 4 6 8 10 12 14 16 18 20

Zaiff V8. Z7 bin number

800
700
600 ‘%
500 3
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Q8
300 £
Z
200
100
0
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https://arxiv.org/abs/2504.11220

R(D™)) with hadronic tag: analysis strategy

[BELLE2-PUB-PH-2025-034]

@ Ask no remaining tracks in the event

e g% > 4 GeV? toincrease B — D*) v
contribution

@ 2-D binned fit of E% and M2,

miss
@ Main backgrounds validated using
B — D*nOlv events

= Data

BB ->D*tv
CcB—-»Drv
B -»>D v
-B—>D/)

BB ->D nlv
=B -»>D*t/lv
[ hadronic B decay
] continuum

] others

D*° (- z°D°%)

3
2!
2
1!
1

sf D**(— yD%)
40)
2]
20]
10]

o

Y S S—

OLQ,‘+4*+ ........ L {

"0 02040608 112141618

"0 02040608 1 121416 18
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Sh..;,*,..,.4..'..‘.;.....4
= 0 a4 3

.JO
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1
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https://docs.belle2.org/pub_data/documents/4649/

034]

R(D"™)) with hadronic tag: results [BELLE2-PUB-PH-2025-
Belle 11 = Hadronic tag
= Semileptonic tag
R(D) = 0.439 + 0.055(stat) +- 0.045(syst) | £ “'[ymiwgg "~ | ecimon
Belle® ) BaBar
R(D*) = 0.242 + 0.019(stat) + 0.016(syst) 0ss |- fﬁ/\ ]
0.35_ Be1|e“< e _f
Most precise determination of R(D'*)) with F ]
hadronic taggin P G C”a>
gging 025E e — E
02 *HELEQ’V)%EZ‘?“&% =y -
Main systematic uncertainties T e R
I02 IOI.BI — IO!4I O!5I —

o Finite size of the simulated samples
@ Background branching fractions

A
=)

Does not include preliminary

BaBar result with semileptonic tag
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https://docs.belle2.org/pub_data/documents/4649/

D D
] +
BELLE Belle IT

BT — utv J

arXiv:2602.09800 submitted to PRD


https://arxiv.org/abs/2602.09800

B* — uv: motivations

[arXiv:2602.09800 submitted to PRD]

+

b
@ Bt — utv highly suppressed in SM (helicity + CKM) ’
o+
Bsm = (4.18 £ 0.44) x 1077 2
@ Sensitive to many new physics models (e.g., charged Higgs, ’ "
leptoquarks, sterile neutrinos) w
@ Allow independent determination of |V| B+ __E
[ ut . N
w b < - > N
B+ !
B E LQ
U Y " > : < w
La Thuile 2026 20/27
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https://arxiv.org/abs/2602.09800

B* — utv: analysis strategy

[arXiv:2602.09800 submitted to PRD]

@ New Belle Il analysis combined with published Belle result
updated with improved simulation (bkg B, form factors)
[Phys.Rev.D 101(2020) 3, 032007]

@ Use inclusing tagging (strong need to reduce background)

> Ask high momentum (p; > 2.1 GeV) muon with tight PID
selection
» My and AE of rest of the event compatible with B
» Further BDT based on event shape and Byqg properties
@ Boost the muon into the B signal rest frame where it is
monochromatic for the signal

» Deduce 4-momentum of B signal from the rest of the event
» Use MC to calibrate bias in p5

@ Combined binned fit of p? in 4 (Belle)+ 4 (Belle Il) categories
based on BDT output

o Validate with B+ — D°r* decay

Belle I preliminary J £.dt = 365fb7!
T

-
o

-
B Bopwy T Signalx 3000
Data

Entries / 0.020
-
‘i

-
o

IS

Data
Simulation

otn o
o1

°
=}
S
)
IS
L
>
=)
Y
5}

x10% Belle Il preliminary f £ dt = 365 fb
g T T T

Entries / 0.022 GeV

T T 3

. .
2.4 2.6 2.8 3.0 3.2
pf [GeV]

IS
o U O B N W B w

NN 4

Data
Simulation
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https://arxiv.org/abs/2602.09800
https://arxiv.org/abs/1911.03186

B* — utv:results [arXiv:2602.09800 submitted to PRD]

Belle & Bcl.lc I Combmcd pwhminm Srdi= 1076fb !

Most precise determination to date =

2/7// %%% = l};::uv

15 2 == Rare
W b-c

BBt — ptv,) = (4.4+19+1.0) x 107

= Continuum Belle 11
10 % W Continuum Belle

} Data
. Sys. unc.

@ 150 + 73 signal events
@ 2.350 over bkg-only hypothesis

o |Vyp| =3.927377 (stat) T4 (syst) + 0.03(theo) o
compatible with both inclusive and exclusive 025 el e 1 Compin

Data—Bkg Weighted Entries / 0.050 GeV

T T T T
determination ozl A
E g [
_ 0.15: :
Main systematic uncertainties = ok l
© b — umodeling 005t _ '
@ Continuum mOdeling %0 20 40 60 80 10.0'”.12.0 14.0

BB* —=p*v,) x 107
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https://arxiv.org/abs/2602.09800

BO — K9ty




B® — K97t"mt~y: motivations [JHEP O1(2026) 134]
@ In SM photon from b — sy transitions has mainly left polarisation (right polarisation
helicity-suppressed by ms/m)
» Suppressed interference as B® — K9(p® — 7t~ )y5 and B° = K9(p® — )y,
@ Expect negligible time dependent CP violation from SM but can be enhanced in NP

@ Constraint on Wilson coefficient C;’)

e (7 GeV) + IAZ~ 120 14’\
’ ‘ e* (3 GeV) —-_->y

b]_ Y (45) SR &
B!Zie\\m*

Giulio Dujany (IPHC - CNRS, Strasbourg) B Physics at Belle and Belle Il La Thuile 2026 24/27


https://arxiv.org/abs/2510.01331

B® — K2mtmy: analysis strategy

@ Separate Belle and Belle Il analyses combined at the end

@ Ask for E, > 4(3.5) GeV for Belle (Il) to suppress photons
from beam background

@ BDT with event shape variables against continuum
background

@ Time-dependent CP fit to extract CP parameters S and C
from 3-D fit to My, AE and At

@ Cross check with control mode Bt — Kttty

(0.0025 GeV/c?)

ates /

ndid:

Pull  Can

Candidates / (1 ps)

Z 1k

100 -

20F-

[JHEP O1(2026) 134]
Belle IT [ £dt =365
300 F -
w00f
bt
R
| |
0
o ]
5.20 5.22 524 5.26 5.28 5.30
My, [GeV/c?]
0875 <r<1 Belle 11 | £dt =365

At [ps]
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https://arxiv.org/abs/2510.01331

B® — K97t™my: results [JHEP O1(2026) 134]

@ Most precise determination of time dependent CP C=-017+0.09+0.04
parameters for this mode (improvement by more than a S=-029+011+0.05

factor two previous results)
@ First measurements of S™ and S~ introduced in [S. Akar, E. Ben-Haim, "%
J. Hebinger, E. Kou, F.S. Yu, arXiv:1802.09433] that allows for 10
2 |

complementary constraints on real and immaginary parts of Cél) wron

06

04 06 08 1.0 12 ’

St =5'+58'=_057+0.23+0.10
S =5 -5-031+024+0.05 S

@ All results compatible with SM expectations
@ Interpretation in term of B® — K2(p® — 7t~ )y will require amplitude model from

amplitude analysis of isospin partner Bt — Kttty

04!
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https://arxiv.org/abs/1802.09433

Conclusion

@ B decays are a promising place to look for New
Physics
@ Belle Il offer unique features to excel in this search
@ Presented five recent results
» Search for B — hXj,,
» R(D) and R(D*) with hadronic and semileptonic tag
» Search forBT™ — uTv
» Search for time-dependent CP violation in
B® — KOmtmy
@ Results statistically limited; Belle Il Run 2 data taking
ongoing, stay tuned for updates
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Latest R(D"*)) from BaBar [David Hitlin, Dec 2025]

Experiment R(D) R(D*) Correlation
| BABAR 12 (hadronic tag) 0.440+0.058+0.042 | 0332+0.0240.018 027 —
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
~ T
[a) 68% CL contours i
=
i C Belle® BABAR12 ]
035 LHCY A0 ]
= / -
L { i
- Bells” -
03¢ \ - ( ~ This average
- LHCY Belle' = does not include
C - the BABAR 25
025 e preliminary result
[ HFLAY SM Prediction Belle 11" ]
02 Kb oasisoms .
T FLoepELacat vz forRD®) 7
B R(D) =0.2938+ 0.0054 -
R
0.2 0.3 0.4 0.5
Babar ™ and © L. De Brunhoff R(D) I
BaBar David Hitlin December 15, 2025 15 Caltech
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https://indico.fnal.gov/event/71119/contributions/325774/attachments/194109/269256/Hitlin_Fermilab_2512215_final.pdf

V,, inclusive vs exclusive

M 48T — T T 71
'S 46 E_ Exclusive [V 68% CL contours _E
:..: 4.4 :_ Exclusive Vil Inclusive _:
=" E V1V [Vyl: GEOU 3
= 42 [V, : global fit -3
4 :_ I:I Average —_—— _:

3.8 E— _E

3.6 —
34F -
32F =
3 HFLAV =

E 2023 E

28 -

S TN T [T TN RN SR N TR ShA 1 | T T T | a1 2

36 38 40 42 44 )

|Vcb| [10 ]
V| = (4.06 £0.11 £ 0.13 £ 0.18) x 1073 (inclusive),
|Vis| = (3.75 £ 0.06 + 0.19) x 1073 (exclusive),
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Key Belle Il performance

@ Good kaon identification in full
momentum range

» g(K) ~90%, m— K ~ 6%
@ High photon efficiency

> e(y) ~90% (p > 1.5 GeV)
@ Good lepton ID performance

»e(n) ~90%, m—> u~7%

> e(e) ~86%, m—e~ 0.4%

1
T Aﬁ“ ] kaonID>0.5
e [ 2200, FAAY
€ 08l R NI TV
- - A2aaad’
[=] r A KID efficiency (data)
g [ A KID efficiency (MC)
& 06f Belle Il preliminary
> B
g JLat = 208 1
© 0.4
b [ ¥ 7 mis-ID rate (data)
a — ¥ mmis-ID rate (MC)
< 02f
[ \AAAAAM
oL YT 0 Al I i I
0.5 15 2 25 3 8. 4 4.5
Momentum [GeV/c]
1.6 [ Belle Il (Preliminary) + Jy-ete”

+ ete--setereter

KLM Barrel

1.6 [ Belle Il (Preliminary) + Jy-ptpm
. + ete-eteutum
- -1
[ Jtde= 190 fbr + etemoptuy
4+ Kg-mtne - nmis-iDx3

3z
e
[=]
9
€ 1 e - Tt x
A . e*e” »T*(1p)T¥(3p) - mm&IDx3]
£l (082 =6< 222 rad) D+ 5 DYK-T)n - K mis-IDX3
1 10}
1 ————t— —
Sosf ==
= =
2 o6l
808k ., ID>0.9
% 0.4
=]
= 02—
S —_— S
0.0 : : .
1 2 3 2 5
p [GeV/c]

Ldt= 190 fb~!
S

ete mete(y)
+ Ke-mn - mmis-IDX10

£
[
[=]
£ ECL Barrel

12} evemo T2(1p)*(3p) - n misGx10)
W (0.56 =6.< 223 rad) D™ DO 1" - K mis-DXTD
+ 10}
< .

08}
3 —+
S 06f
S
£ 04f,
o eID>0.9
= o2t
5 -

0.0 -

1 2 3 4 5
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£oaTA

B

gmatcting £ (0,11 [GeV/c])

1.025
£ 1.000
&

0.975

Joost "
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Cross sections at the Y (4S)

B*B- BOBO

(514+06)% (48.620.6)%

| o [ete—>Y(48)] = 1.11nb |

olete=ttT (y)]=092nb J
o [e*e—ptw (y)] = 115 nb
o [ete—dd (y), ss (y)] = 0.78 nb
o [ete—ete(y)] =744nb
\

o|efe—uu (y)] = 1.6 nb

o [efe=yy (y)] =3.3nb

B [eTe—eteutp]=18.9 nb
-

ete—eteete] =39.7 nb

Vs = 10.58 GeV
) 01'01:143 nb

£
=0
&)
G@J/
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