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Results for Moriond QCD 2025 o

Belle II

All results are new since Moriond 2024

Datasets for these measurements

‘B > ptp~

Belle ﬁiﬁf) =711 fb~* (1999 - 2010)

«BY = AVQMO

[J;rlgs ) = 365 fb! (Run 1) (2019-2022)

Missing energies leptonic decays of B mesons

B — 11, All Belle (Il) analyses are performed using opensourced

Belle Il software framework [Comput Softw Big Sci 3, 1 (2019)]

Missing energies semi-leptonic decays of B mesons
Other interesting results from Belle Il:

+R(D*),R(D™)

Bianca Scavino, Debjit Ghosh,

‘| Vcb‘ fromB — D¢v Zuzana Gruberova (tomorrow, morning session)
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https://doi.org/10.1007/s41781-018-0017-9
https://indico.cern.ch/event/1480248/contributions/6417679/
https://indico.cern.ch/event/1480248/contributions/6417757/
https://indico.cern.ch/event/1480248/contributions/6417826/

Kinematics at B factories

Dl D
- -
ceice N Bellell

Aid to missing energy B decays

Threshold production B ) 1 ) o
“slean” environment / Mbc — \/Ebeam/c — Pp /c Full Event Interpretation (FEI)
e et

7 GeV 4 GeV

[Comput Softw Big Sci 3, 6 (2019)] ,+

v

beam [ >
B ~_ B
Y(4S)/ LU

Untagged Signal Side
B SEWVIAFET{{[if-8 CP analyses . I )

[Eur. Phys. J.C 82, 283 (2022)] et |_ e
[PRD 110 012001 (2024)]
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B,.. daughters D \ / SV
B . vertex rec 3 ) ‘\— B B -
R\ - = - \Y(4S)/ T
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v, Btag momentum D.D* .
AZ ‘A < Ko \ ¢
— -~ /:,v
Isotropic distribution of B B B
o i Az ne” TN — g
< : Biag tracks, Vs ‘ Y(4S) _ .
5 : Hadronic Tag Signal Side

Jet-like topology
= o
L _ Boost = 0.29 (s
€ € — qq, q = Uu, d, S, C Belle II et . e
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https://doi.org/10.1140/epjc/s10052-022-10180-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001

Hadronic b decays at Belle and Belle |
-BY — p*p”
-BY — AQ(V
C



Prologue: B — ptp~

Theoretical motivation i Sl U B
. BY = p*p~ provides stringent constraint on ¢, due to small contribution from ”;J/< “ " g%< “
the “loop” amplitude B’ Z : p J Z P~
- Angle ¢p/a = arg(—V 4 V= /V 4V ¥ ) is the least known angle of the UT Leading amplitude Sub-leading amp. (small cont.)
Mixing-induced CPV param.
Probability distribution ) Helicity angle distribution F Longitudinal polarisation fraction
P&t q) = ~ IélA':zla/oTBo {1 T q[S sin(AmaAt) 1£ d cos 9,:-{2;005 0,- =1 [i(l — f1)sin® Opt sin’ Op- o
—C cos(AmgAt)] }, +fr cos? 8 ,+ cos Op_] ,
Direct CPV param. 4/
Experiment
« Measurements dominated by BaBar and Belle (BF, CP, polarisation)

e Challenging due to presence of 4 photons in the final state; peaking bkgs and

combinatorics b =B = (226703 ¢3=7= (664730 ¢ =a = 84175y

#
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BY - p"'p_

Belle II

D
& arXiv:241219624 | Submitted to Phys. Rev. D =

Goal: Branching fraction (BF), polarisation, CP asymmetry, ¢, measurement

-===[ong. signal -=-== Self-crossfeed
. _ -==+ Trans. signal  ===-- Peaking backgrounds
STEP I: Reconstruction (B — p*[ — zt2[ — vy]] p7)
qq R 7T { Data
BB — Total

» Boosted Decision Tree (BDT) based separation of photons from hadronic clusters M, > 5275 GeV/c2

« Signals are discriminated from backgrounds via M, and AE

Belle II preliminary
_ ¥ 4 2D — % _ %
Mbc — \/Ebeam/c pB /c AE = EB Ebeam L dt = 365 fb !
o Btag flavor is identified using a GNN-based flavor tagger [PRD 110 012001 (2024)] ' tt {

« 18% improvement over category-based Belle Il FT algorithm
[Eur. Phys. J.C 82, 283 (2022)]

Events / 0.01 GeV

Backgrounds

« Continuum backgrounds are suppressed using a TabNet classifier

Pull

. Other irreducible backgrounds: combinatorial and peaking BB, 7777,

and signal “cross-feeds” are modelled with PDFs

leptonic Belle Il | 01-04-2025 b


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012001
https://arxiv.org/abs/2412.19624
https://doi.org/10.1140/epjc/s10052-022-10180-9

B’ — p*p~

STEP IlI: Signal extraction fit (2 stage fit ) £ 150
. Stage 1: Extended ML fit to 6 obs: AE, m_« o, 1 -, COS Qpi ; 100 1
o Extract &, f; (longitudinal polarisation) tag quality % >0 i
. Stage 2: Extended ML fit to 3 obs: At, g, r \/ mg % -
A 3

» Extract 3, C \ Flavor B(B) = 1(-1)  ”°

Results (Preliminary)

%(BO N ,0+p_) — (2.88+O'23 + 0.29) X 10—5

—0.22 — 0.27
— +0.024 + 0.017
fL o 0’921—0.025 — 0.015

§=—-0.26%£0.19 £0.08
C=-002x0.12x0.05

First uncertainty is statistical, second is systematics

D

arXiv:2412.19624 | Submitted to Phys. Rev. D Ry

- Belle II preliminary
/Edt = 365 b

B - Belle II preliminary
] :/.cdt=365fb !

COS Hpi < 0.9

Events / 0.1

Pull

60

Events / 1.0 ps
TN
o

Asymmetry
c|> o O
w o w

I
o))
I
(N
I
N
o
N
AN

0.8 1.0
M0 [GeV/c?]

Bkg. subtracted asymmetry

[Belle I preliminary 4 pgo tag
:_/E dt = 365 b ¢ B'tag

—

: | Belle IT preliminary
200 l/c dt = 365 fb!

100 ¥

Events / 0.025

8 0
1 1 2 3
HI#.\I\*\I“'** N I A -3
: R N 0.0

Good agreement with previous BaBar (2007) and Belle (2016) expt. with equivalent BaBar and ~ 50% of Belle equivalent luminosity !

leptonic
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https://arxiv.org/abs/2412.19624
https://doi.org/%2010.1103/PhysRevD.76.052007
http://Phys.Rev.D%2094,%20099903%20(2016)%5D,

D

arXiv:2412.19624 | Submitted to Phys. Rev. D [

Belle II

BY - p"'p_

STEP lll: Constraining ¢, 1
—A+_ -+ AOO — A-{-O)

- Perform isospin analysis based on longitudinal amplitudes, A;; V2
1 - _ _
— A+ Ao = Ao,
 Constrain using this measurement + World Averages (BaBar, Belle, LHCDb) V2

e Correct & due to inclusion of f, _/f,, systematics HELAV24 (NEW)

Belle II preliminary B—pp ( WA + Belle II (2024))
: 4.5 -
| (g = [92-6454.%]0

- Inclusion shifts the ¢, value by —0.4° 1.0

Result (from this measurement) (Preliminary) 0-8 1
—(91.5 +4.8 \o L 06 7

¢2 ( _59 ) O _ _
Apy = (24735 e B83% e ]
Agrees with WA, HFLAV24 s |
......... D0 o e

« Belle Il result improves the ¢, value by ~8% 0.0 i 00— T20 120 ‘14-'-‘-'-"60

d2(°]

Second solution of ¢, excluded by ¢; and ¢; measurements
leptonic Belle 11| 01-04-2025

« Dominant systematics (this measurement) from § [backup]



http://arxiv.org/abs/2411.18639
http://arxiv.org/abs/2411.18639
https://arxiv.org/abs/2412.19624

Prologue: B — A’Q(

Theoretical motivation

e Probe low-energy mechanism for baryon number violation [Phys. Rev. D 96, 075009 (2017)]

B — A%Q9, B° — A0Q)0

Cabibbo suppressed SM decay (-j L Beyond SM decay

« Poorly understood due to large hadronic uncertainties

Experiment

e No previous experimental measurements exist

» Searched for the first time using Belle dataset

« Consider two Q‘C) states: Qg and QC(27OO)O, collectively referred to as ng)o

leptonic Belle 11| 01-04-2025
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https://doi.org/10.1103/PhysRevD.96.075009

BO _, A0Q(*)0
C
Goal: Search for the decays B’ > /_\OQ(C) 2nd BY = [\OQQ

Dataset: 711 fb~! of Belle data collected at Y (4S) resonance

STEP |: Reconstruction

e Signal B''s are reconstructed from:

A = pr~, Q™ - K~ A%, Q0 - 727Q~, Q(2770)° — QY (partially reco.)

 Two signal categories: /_\OQE*)O, /_\OQE*)O

AE (GeV)

» PID selections, mass / vertex-constraint fits, selection on the decay lengths performed to

reduce combinatorics

. Signals are discriminated from the backgrounds using the kinematic variables: M, ., AE

M. = \/Esgam/c4 — pg-lc?

leptonic

AE = E} — E*

beam

Belle Il | 01-04-2025

# Phys. Rev. D 110, LO31102 (2024)

0.3 - -
02 B% — AOQE*)O
().1F Sideband €«—
OF Qle——
—0.1}F 2700 «— |
—-0.2 .
—-0.3
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0.3
0.2;_ BO_)]\OQE*)O
~ 0.1
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@t—o?i |
02}
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_04 .........
52 5.25 5.3
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https://doi.org/10.1103/PhysRevD.110.L031102

BY - /_\OQE*)O

M Phys. Rev. D 110, L031102 (2024)

STEP II: Signal extraction Numbers of Blinded  A°QQ signal A°Q_.(2770)°
events Total  region region signal region
» Use counting method due to low background statistics A% data 1 5 0 3
 Simulations confer that events outside the signal (blinded) Background N/A 1.6+0.7 044+045 0.44+£0.45
_ A0(O0
region are dominated by gg and non-signal BB events A'41; data 2 0 0 0.12 f)_ 0.15

Background N/A 0.18 =0.17 0.00 -

- 0.12

Source

Results

Uncertainty (%)

= Track reconstruction (overall)
at PID (for Q¥ — 77 Q")
K~ PID (for Q~ — K~AY%
p PID (for A° decays)

First upper limits on 2-body BNV decays

Quantity (xB(Q2 - Q7)) Upper limit (at 95% CL Decay length (Q°)
Reconstructed masses

B(B - A°QY) 9.7 x 1078 Vertex fits (+°)

B(B —» A°Q,(2770)°) 31.2 x 1078 B@ — A'K-)

B(B - A°Q; 9.5 x 1078 BN pr)

B(B —> /-\OQC (2770)0) 10.0 x 1078 Dgtgctor charge asymmetry

Polarization of baryons
MC statistics

Overall (o,)

B flavor blind measurements

2.9
0.8
1.4
2x1.0
2.0
4 x0.5
1.5
0.5
1.0
2 x0.7
2.9
0.8
0.5
0.7

6.2
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https://doi.org/10.1103/PhysRevD.110.L031102

Missing energies leptonic B decays at Belle |

-BT > 1T,



Prologue: BY — 771

Theory
» Precise BF value is important to check consistency with SM predictions / constrain new physics
BB — tv) > BB — uv) > BB — ev) u o
ﬁ
SM Feynman diagram
BF decreases with decrease in m, and increase in helicity suppression
. Potential modes to precisely measure |V, | fﬂ encodes b — u annihilation info. (theory input)
G%mpgm; m; ;
BB" - " y)="—"—"—"1 26) 12 [Val® 75
S mpg
Experiment
Experiment Tag B(10~%)
 Challenging (particularly, 7 mode) due to undetected neutrinos Belle Hadronic 0.72+027 4 0,11
. +0.53
in the final state BABAR Hajdromc. 1.837 540 = 0.24
Belle Semileptonic 1.25 £ 0.28 £+ 0.27
« At present, the measurements are statistically limited BABAR Semileptonic 1.8£0.8x£0.2
PDG 1.09 +0.24
Belle Il | 01-04-2025 13
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BT —= 17y

o o o . " Belle II Prelimina —— Sig x30 7777 Fit Unc.lf
Goal: BF measurement using hadronic tagging (First from Belle Il) 00 feaessn  —Bo o+ D
3500 -
o 30005— """"
STEP I: Reconstruction s |
£ soot
. . %2000- e
» Use hadronic FEI to reconstruct the companion 5, the B, = —
» Reconstruct B, from the remaining tracks and clusters i Sig x30 —
500 I
. . , S v
« Use both leptonic (e, 1) and hadronic channels (7, p) of T's (~70% BF coverage) o -5 o G R
: . e g ‘ 2 extra .
» Use two most discriminating variables, M~. , Er~": P UM
2500l S £dt =365 fb! —— Bkg + Data
2 - o 2 . :
MmISS (p beam p tag p s1g ROE) 2000 -
/M
ETY* = Total residual energy from neutral clusters ¥ élSOOfSig x30 _
T use of BDTs to clean the neutral clusters & By, By, i 1000;‘
500;
g : . he 2 extra
Signal signature: high M~. and low £~

o0z 04 06 08 10
Eg’étfa (GeV)
leptonic Belle Belle 11| 01-04-2025


https://arxiv.org/abs/2502.04885

BT —= 17y

STEP II: Background suppression

« 2-stage BDTs

arXiv: 2502.04885 | Submitted to Phys. Rev. D

OffRes __ -1
intg = 42 tb

. Continuum backgrounds (eTe™ — gg/tT) (dominant)

. Non-signal BB backgrounds

STEP lll: Calibration and validation

e Calibration:

« FEIl efficiency correction using data-driven methods (off-resonance data)

-2 control channels: B — XZv, B — DUzt

« Cluster multiplicity corrections between data - simulation

» Additional corrections include: mislID, photon eff., continuum re-weighting

e Validation:

. Validated using Bt — D™¢*v, control mode

leptonic

Belle

Belle 111 01-04-2025

5000

vents/Bin

1 3000

Offres — MC
ff

Events/Bin

Offres — MC
ffi

D
o

Belle II

- [rdt =42 fb!

—

-Belle II Preliminary

- ——
—e o ——

[ L] Al

]
MC Stat. Unc. B
<4 OffRes Data

AR JE 2K 3% 2K E

e
5.26

PR B
5.27 5.28 5.29

M, (GeV/c?)

- [rdt =42 fb!

L —— ——

~Belle II Preliminary

After correction

I L] L)

—+ f rrr+r 1
| MC Stat. Unc. J
B g 4 OffRes Data

I B
5.26

PR N TR S S PR TR SR T
5.27 5.28 5.29

M. (GeV/c?)


https://arxiv.org/abs/2502.04885

D

BT — Ty arXiv: 2502.04885 | Submitted to Phys. Rev. D (S

’Vublexcl. — (3.75 = O-6expt. S O.19theo,) x 1073

SM SM | Vablinel. = (4.06 £ 0.12,pt. & 0.114160.) X 1072

STEP IV: Signal extraction

|\"’;1:)|¢‘_\<' |Vub|i11(:
. o . 2 eXtra 1 I ili 1 ] ] I | ] 1 || I l 1 1 || l
» Simultaneous binned ML 2D fitto M ~. , B¢~ I Belle II (365 fb-!. hadronic)
{+ 1.24 £0.41 £0.19 Preliminary
Results (Prellmlnary) 30 Signiﬁcance H - BaBar (417.6 fb~!, semileptonic)
ii 1.7 0.8 £0.2 PRD 81(2010)051101
BB = 1) = (124 +0.41 £0.19) x 10~ | . BaBar (426 fb-!, hadronic)
¥ 1.83%0:33 £0.24  PRD 88(2013)3,031102
I -1 .
First uncertainty is statistical, second is systematics —o--i Belle (711 tb™", hadronic)
I 0.721347 £0.11  PRL110(2013)13,131801
Assuming SM and f = (190.0 = 1.3) MeV from FLAG24 i
. Belle (711 fb~!, semileptonic)
i i 1.25 £0.28 £0.27 PRD 92(2015)5,051102
_ +0.74 -3 't
‘ Vub ‘B_I__)T_I_I/ — (4.41 ) X 1() 11 | ! ! ! | | \ \ | | ! \ |

—0.89 | 0 | | 2 4 §) 8 |
B(BT = 7tr.) (x107%)

» Consistent with world average and SM predictions More precise than BaBar (had. tag), with egivalent dataset

« Dominant systematics from limited statistics of simulations [backup] First had-tagged results from Belle ||

leptonic Belle Il | 01-04-2025 16


https://arxiv.org/abs/2502.04885
https://arxiv.org/abs/2411.04268

Missing energies semi-leptonic decays at Belle ||
- R(D")) semi-leptonic tag

-Untagged B > Dfvand|V,, |



Prologue: R(D™))

Theory R(DMH) = B(EO — DYt r,)
BB’ — DWte )

» Lepton Flavor Universality (LFU) is an “accidental symmetry”

within the SM broken only by charged lepton masses

. . , Combined deviation from SM stands at 3.30
« Highly sensitive to non-SM physics and can be probed by

" 65% CL bontours

precise LFU ratios BaBar

Experiment

« Observe ~ 30 excess by BaBar, Belle (Il), and LHCb

e

experiments

« HFLAV?24 average hints at potential new physics

0.2

4+ HFLAV SM Prediction R(D)=0.342 +0.026,,,,
R(D) = 0.298 +0.004 R(D*) =0.287 +0.012,,,

R(D*)=0.254 +0.005 P =2-0.39
P(x¢*) =35%
| 1 1 1 1 | 1 I I I | ' . . |

0.2 0.3 0.4 0.5

R(D)

leptonic Belle Belle 11| 01-04-2025 18


http://arxiv.org/abs/2411.18639

D

To be submitted to Phys. Rev. D o

Belle I

R(D™) and R(D™™)

Goal: R(D*) and R(D" ") measurement using semi-leptonic tagged approach (First results)

~Prok

~ (Normalisation) = mmm B°-D"* (v,

STEP I: Reconstruction

mmm BB and Continuum Bkg. in D"/

| | N mmm B0-D"" * 47, + B-D. IV, in D"+ 1
« Use semi-leptonic FEI to reconstruct the Btag
. Bsig (BO) is reconstructed from D(*), light leptons, and leptonic 7 decays 2000 D*"e”
B u . ' (Signal) mmm B°-D"* 1V,
0, 1500 | /7 MC Uncertainty
STEP Il: MVA-based event classification & | ¢ Data
& - Good data / MC agreement
« BDT trained to classify semi-leptonic, semi-tauonic, background 500 |
o Input BDT variables: angular (2), momenta of £, D (2), and Eg’gia (backup) 0 |
- | T
2EbeamEY — sz — m%( C e : = 1 | I
cos 0 — (Most discriminating) vt - Y PR
o 2|pg 1y S 10 BOAYN N GAN e
S Z ]
Q 0.5 ................................

« Output scores: Lps < ~and Zbkg —14-12-10 -8 =6 —4 -2 0
sig

leptonic Belle Belle 11| 01-04-2025 COS(HBY) 19



R(D™) and R(D™™)

STEP IlI: Signal extraction

« 2D binned log-likelihood fit to z. and zg;¢ = 7, — <bkg

Signal yields across different fit categories

Sample

Dte D+p D*"e D*+u

EO — D+EI7£
EO — D*+£17£
B - D+Tl7,,.

B’ » D*

2519 £+ 68 2233 * 61
2486 = 63 2323 + 58
191 =41 155 £ 65
106 14 8 x= 11 155 £ 19 111 &+ 14

2344 £+ 51 1961 £ 44

B —» D" tw,/B — Dgape_g
BB and Continuum Bkg.

653 &= 112 586 == 102 87 =55 75 x 46
2177 = 145 1582 £+ 149 611 £ 95 497 = 83

Data

8219 6854 3241 2621

Stability checks agree with the nominal values

[backup]

. Redetermine R(D'' 1)) using different sample splits: lepton

flavor, charge, lepton polar angle, # tracks, DU channels

« Simultaneous fit to account for correlations in common syst.

leptonic Belle

Data / MC

D

To be submitted to Phys. Rev. D QB%
o Preliminary
2500 o
post-fit
2000 mm B°-D* 1y,
2
§ L BB and Continuum Bkg. in D" *¢
>
L - —
95 1500 mm BY- DH(*-[V('*‘BO—’D +[V{ inD"*{
—
s 1000 | ‘ mmm B%-D"* 1,
g /7 MC Uncertainty
e ¢ Data
500
U
1.5

o

0.5

0 246 8 10 12 14 16 18 20

Z4if VS. 2z, bin number

Bellell |0, ¢ oo

250

200

p—
oL
-

p—a
-
-

Number of events

ot
-

20



R(D™) and R(D™™)

Results (Preliminary)

R(D") = 0.418 + 0.074 (stat) £ 0.051 (syst)

R(D*") = 0.306 & 0.034 (stat) & 0.018 (syst)

with a correlation of p = — 0.24

 Results are compatible with SM within 1.7c

« Agrees with HFLAV?24 average *

« Measurements dominated by statistical uncertainty
« Systematics dominated by limited statistics of simulations,

MVA training, and template shapes [backup]

First SL-tagged results on R(DC ™)) from Belle |l

leptonic

0.45 -

0.40 -

Belle Il | 01-04-2025

D

To be submitted to Phys. Rev. D <[o

Belle II

Belle I [ £dt=365fb~1
Belle Il had. tag
4 SM[2-8] T 2024 [22]
-~ This work 39.3% Cl SM exp. R(X)

~——— This work 68.3% CI

World average
HFLAV 2024 [24]

~ ==~ Belle Il had. R(X;) [23]

_—

, ; ; ; . ..\g\‘v .
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D)

HFELAVZ24

* R(D) = 0.342 + 0.026
R(D*) = 0.287 + 0.012
21



http://arxiv.org/abs/2411.18639
http://arxiv.org/abs/2411.18639

Prologue: | V., | measurement

— 48— T
Theory V| = (42.2+£0.5) x 107°  (inclusive) = 46F — Bl 40 1Domonns 3
. il Exclusive |Vub| V I: GGOU =
” |‘/cb| = (398 + 06) X 10_3 eXCIU.SiVG) g:;f_ vV V| :V:::iglobal fit _E
« Method: Exclusive (B — D"#v) and Inclusive (B — X .£v) Jf Wl 36 E
38F =
e Limitations: 3.6 E
34 g .
« Exclusive: Knowledge of the FFs (CLN, BCL) | Systematics dominate (expt.) 2 m:
: . _ : 28F rar
e Inclusive: | Theoretical uncertainties dominate e L
V| [107]
Experiment [ Vey| from B — Dt'w |V, | from B — D*Zu
S '
» Consistently observe ~ 3o difference between exclusive and  |s#17zssz3 SoAL paal mco T
BELLE DgLiliizpinzijl reco -
inclusive |V, |, |V, | measurements
BABAR tagged B:BiA(l)izeic?.6
e Exclusive |V, | from B — D¢v can be advantageous: less 3382 031 10
ﬁ‘.,:srai-g 044 10,88 gﬁBiA%égliog‘;‘i fit
theory unc. then B — D* and do not suffer from slow-pion m premsge é
/o fi(fg/ 8 (CL = 80.00 %) y2/dof = 42.2/23 (CL = 0.90 %) m
| | | | | L

" ! I ! I
systematics 0 50 30

leptonic Belle 11| 01-04-2025

n. GV | [107]

25 30

40

n_FI[V_ | [107]
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| V., |from B - D¢v

D
To be submitted to Phys. Rev. D

Goal: | V., | from B — DZ¢v using untagged approach (First results)

STEP |: Reconstruction

« Candidate B — D¢U's are formed from ¢ (e, u) and a D (D — Kr, Knn)

5 piD selections are applied to select primary leptons and reject hadronic bkg.

| Good data / MC agreement
« pp " is estimated based on Diamond Frame (BaBar's) and ROE method (Belle’s)
24E§I<E>Yx< e Mf% T M% Belle II Preliminary JL£dt =365fb! Belle IT Preliminary JL£dt=365{b"!
COS QBY S e e e et et o ' EEm B Div B+ — D%+, 8000_’; g_’g"’l B'= D pty,
2 %k %k 20000 F =3 B D" v Prefit _ Rt - Prefit
‘pB ‘ ‘pY | [ ] True D | 3 True D
~ = False D ~ 6000 -E E}}‘S:‘.U
= 15000 F M Continum =
. - miss i -+ Daca ; swoof b Do
« Finally, w ( = vg - vp), 4-vel.) is accessed from py g romy :
= 000 i 2000
« "Feed-downs” from B — D*{v are vetoed while continuum bkg.
are suppressed using several kinematic selections 1 o LUy
z— __;_'5_4. PR l._-l3l PR ._12. PR 1—11; PR (l) PR R N i PR S 2 ‘
leptonic Belle Belle 1| 01-C~ cveo cos Oy



|V, |from B - D£v

STEP Il: Signal extraction
- Signal yield is extracted from a ML fit to a 10 bin dist. of cos gy and

is performed simultaneously in 10 bins of w

« Results of BF are splittec

Fit templates

BN B — Div
B—D
True D
False D

B Continuum

>z

{  Data )
Total

Uncertainty

7th cos Oy bin,

To be submitted to Phys. Rev. D

D
o

Belle I

HFLAV
Bt = D%*ty, 2214+0.06 %
B° 5> D 0Ty, 212+0.06 o
B — Dby 2.11 4+ 0.05 %

lbackup]

+/0
Xlll?)to B 8/ M modes / 3rd w bin | | Belle I1 prelimhsary | L",dt = 3'65 fbh—!
LAF B Doy, 2 /ndf = 335.4/318 e
: ) 4 N0, ,+ True D

1.2: Postfit BT —= D U U//t freD

1() ' ; ﬁ”“_t_i_l:_u-m“, -
,é 0.8 . vrrl- { Data ]
206

04 kg -’Ip_l—hq_ | "

((:.3 ..‘ _-’-“_‘," j=se==C "R '.'_ -5.!5—
;%* FE I TUR L Y SUNT I PR + ¢ be oty JEIT: f l+ EIUURY 4 4 ¢
T e e e

0 20 10 60 0 |
(cos Oy, w) bin
B(BO — D_f+1/g) = (2.06 T
leptonic Belle and Belle Il | 01-04-2025 *consistent with HELAV24
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To be submitted to Phys. Rev. D <[o

Belle IT

| V., |from B - D¢v

Belle II Preliminary [ £dt =365 fb~!

STEP Il ‘ V ; ‘ extraction V| = (42.2 4+ 0.5) x 1072 (inclusive) 10
¢ Vip| = (39.8 £ 0.6) x 107°  (exclusive) ; 1o "’]E\\'l‘)\;«hllf: 399.46790.8
30 20 X7/ndl = 9.t
| V., | is extracted using )(2 fits to the measured w spectra N I
_30F —— BCL (N=3)
/Theoretical prediction BCL parametrisation of FF ‘% | ¥ Data 5 ¢
@) [
(5 free parameters) 2 oof ) ;
10 s |
2 Z Arz Al—wi,BCL B Al—’] Al—’j,BCL N ) ? 15} p
A= Aw Aw i AW AWw )(theory Z o} "
iaj % - [ ]
Expt. obs. Inverse covariance matrix op
S S S S S S RS

Parameters (5) of BCL parametrisation from fit Electroweak correction: 1.0066 = 0.0002 W
[Nucl. Phys. B 196, 83 (1982)]

Values Correlation coefficients
aaL 0.8959(92) 1 0.26 -0.38 0.95 0.51 /
+
a; -8.03(15) 1 0.17 0.33 0.86 o o
of  49.3(31) 1 -031 016 == Ngwl|Vy|=394%0.38 Result (Preliminary)
ag 0.7813(73) 1 047
al -3.38(15) 1

Among the dominant systematics include: limited simulation stats.,

Most precise till date using B — D¢v

estimation of N,,, vertex fit corrections, background w modelling [backup]
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M . . DR D
Epl IOgU a2 All results are new since Moriond 2024 DOl
arXiv:2412.19624 | Submitted to Phys. Rev. D Phys. Rev. D 110, LO31102 (2024)
B(B° — ptp~) = (2.887 0355 057) X 1077 Quantity (xB(Q0 —» Q~7")) Upper limit (at 95% CL)
— 0.921+0.024+0.017, B(B - /_\09(3) 07 x 10~
fr —0.025—0.015 B(B - AQ,(2770)°) 31.2x 1078
S —_— —026 0T 019 I 008, B(B - [\Og-zg) 05 x 10—8
- - A°G 0 10.0 x 1078
C = —0.0240.1277 08, B(B > A°Q.(2770)°) X
Belle Il result improves ¢, precision by ~8% ! Consistent with WA values! First upper limit set for BNV decays from Belle

Missing energies leptonic decays of B mesons arXiv: 2502.04885 | Submitted to Phys. Rev. D

Consistent with WA values! First leptonic results from Belle Il with hadronic tagging approach

Missing energies semi-leptonic decays of B mesons

To be submitted to Phys. Rev. D To be submitted to Phys. Rev. D

R(D™') = 0.418 4+ 0.074 (stat) £ 0.051 (syst) Ves|Bor = (39.2 = - 0.5¢h.) X 1072
R(D*") = 0.306 + 0.034 (stat) + 0.018 (syst)

Compatible with SM within 1.7¢0'! Most precise |V, | value from B — DZv

First results from Belle 1l with semi-leptonic tagging approach First results from Belle Il with untagged approach

leptonic Belle Belle 11| 01-04-2025
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The SuperKEKB and the Belle Il detector
- non Bel||e I detector . .

s = 1/20 reduction in beam size B
electron ring ey -

=3 | g
, ‘ ¢ o e o ‘ . / -
~ [» { (more effective collisions) | o ol .
"‘

"; ° ,"‘ ) b
- | Lesser asymmetry in beam | 8 GeV . 3.5 GeV 7 GeV PO —~4 GeV
positron ring R electron / positron ' . { \ \
). ¢ linear injector | energies (to reduce bkg.) i B B

« D Super
@ KekB
Belle I - 3 >

Belle |l

Belle || Performances

positron damping ring

Resistive Plate Counter (barrel)
“Séintillator + WLSF + MPPC (end-caps)

ing

i

\\\\\\\\\\é —— ?l,

M : Ig— Identification
— i % -aff@:;{‘f‘ Dpagation counter (barrel)
electron (7GeV) i

Tk ; . ' Prox. focusing Aerogel RICH (fwd)

» y

-

e

KL and muon detector: }

« VXD,0 ~ 15 um

Csl(Tl), waveform samp

EM Calorimeter:
Pure Csl + waveform sa

e ECL,6(E)/E ~ 5%
e PID (SVD, ARICH, TOP, KLM)

g /
Beryllium beam pipe . z [tf-

o b

—

\2 layers DEPFET + 4 layer

sositron (46ev] . Keff. ~90% (zx mis — ID ~ 5%)

He(50%):C2Hs(50%), Small ce A\}"‘“‘m”
lever arm, fast electronics

[Central Drift Chamber

e D eff. ~ 90 % (x mis — ID ~ 5%)
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Luminosity records @ =

k ekb.jp

Be/le I

(fb™) > 1 ab-! Belle 1l Online luminosity Exp: 7-35 - All runs
1200 . , . l On resonance : 17.5 1 integrated iuminosity
——KEKB ~ ——PEP-. Y(5S): 121 ﬂD:i _ mmm Recorded Weekly
1000 iggg;f ;lﬂ].)—?) l-e 15.0 -“ftRecordeddt:‘575-47[fb—l] ........................................................................... - 500
1 Y(28):25@" 2
800 | | Y(1S): 6 fb ! 8 12.5-
: - Off reson./scan: =
_ ~100 b 3
600 2 10.0°
' o
_ ~ 550 fb™! = g
400 - On resonance: E
' Y (4S): 433 b ©
| Y(3S): 30 b 3@ 5.0
200 | Y(2S): 14 b ! =
Off resonance: s
o i - 54 ﬂ)—l lg 2.5 .
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 0.0 -
New record of peak luminosity
World Record Luminosity of 2.11 x 1034 cm™ 571
achieved (June 2009) with crab cavities at KEKB 5105 x 1034 cm2 s-1

27-12-2024 at 13:40 hrs JST

leptonic Belle Belle 111 01-04-2025

Total integrated luminosity [fb~!]



Luminosity projection plot

leptonic

Jan 2024

Jan 2029 Jan 2034 Jan 2039

Belle Il | 01-04-2025

[avan 7 I e | - - T 1 T T T T 1 T
B i Peak luminosity _
g 61 | w/ A0S upgrade Pt | SO / y A __
g B —_
o 0 Integrated luminosity (delivered) - 7
% skl [ wegosugse ]| A -
S , / :
= Projected by SuperKEKB/Belle 11 ) 5
© | / ------------------------------------- —
é -
- A
0 / """"""""""""""""""" —
S - _
a¥ e -
2 e e ettt eaeeneeaeeaa / ...................................................................... —

/../ _

| Y S - A __:

_ st/ -

0 14712 ‘ [ ‘ ‘ -.-

g 3 3 3 3
Integrated luminosity (delivered) [ab™] |

N\
S

~
S

Super
KekB

Q=

—_—)
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BY - p"'p_

Belle 1II

| DD
# arXiv:2412.19624 | Submitted to Phys. Rev. D o

Isospin triangle for B — pp

B() = P \
\ A AP R
— N I N \
ﬁ ————————— *y \ m@
........................... - '@0 2 v
...................--:‘ _________ 1 X (BO N p p ) Ny , ¢ “ L
e i P -
: ....._-_--_'.“;"-1"-:"‘.'“:. ;;;; W \/"2 09 ‘\ 'QOO
Tesrs L
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arXiv:2412.19624 | Submitted to Phys. Rev. D (>

Belle 1II

BY - p"'p_

Table of systematics on &8 and f; Table of systematicson S and C
Source B (7] fL[1077] Source S[10™7] C[10~7]
Tracking +0.54 — B’s of peaking backgrounds o +0.1
7° efficiency +7.67 — 71 background yield +0.9 T
PID +0.08 - Data-MC mis-modeling o My
To +2.87 — Single candidate selection +1.3 +1.9
MC sample size +0.24 +0.2 SCF ratio Tod 0.0
Single candidate selection 10.55 +0.3 Signal model i o
_ 2.2
SCF ratio +2.97 +0.2 qq model 10 foo 72
B’s of peaking backgrounds o 08 +0.1 B f inodel =0.9 —0.5
7777 background yield e +0.0 77 model +0.1 +0.0
: +1.14 Peaking model e M
Signal model T 509 +0.2 o
97 model 4+0.49 40.1 Fit bias +2.0 +0.6
BB model ;(1) 8(1) ;8 § Interference +2.8 +1.7
7040 ~0.1 Resolution 134 +3-9
7777 model +0.17 +0.0 _ i a2
_ o928 o At PDF for g and BB o M
Peaking model —1.01 —0.5 Tag side interference +0.5 +2.1
Interference. . :::_;5210 :5885 Wrong tag fraction Mo +0.5
Data-MC mis-modeling ~1.70 ~0.3 Background C'P violation 2% My
Fit bias +1.03 +1.2 CP violation in TP signal My o
f+—/ foo +1.51 — Tracking detector misalignment +1.4 +0.5
NgBB +1.45 — 7o and Amy e +0.3
Total systematic uncertainty To%: Tt Total systematic uncertainty My My
Statistical uncertainty e - Statistical uncertainty +18.8 +12.1
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BT - v arXiv: 2502.04885 | Submitted to Phys. Rev. D <S5

e Validation:

Belle 1II

. Signal embedding procedure using BY — K™ J/y sample

Signal embedded control channels

S L L A — T T T T T T T T e A B 1 N L L I L L
- Belle II Preliminary B Simulation Data - . Belle II Preliminary B Simulation 4 Data -
M frd =365 ! | 1o J£dt=2365 fb! A
121 - _ _
10} -
10
= S 8
m ma |
2 7 |
ik} 4+
q L
g o
6
> <
M 6 _
4
4 -
2
2 .
- 010 =5 0 5 10 15 20 25
8.0 0.2 0.4 0.6 0.8 1.0 , -
E]%)((:t{a (GeV) Mmiss (GeV /C )
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BT - T

TAB. V. Observed values of the signal yields and branching
fractions, obtained from single fits for each 77 decay mode
and the simultaneous fit.

Decay mode N B(10~%)
Simultaneous 94 + 31 1.24 +£0.41
et ve Uy 13+ 16 0.51 4+ 0.63
ut v, U, 40 = 20 1.67 = 0.83
Tt U, 31 =13 2.28 = 0.93
pt U, 6+ 25 0.42 + 1.82
e’ (%) wr (%) = (%) p" (%) other(%)
Reco
et 97 0.1 0.1 0 2.8
ut 0 87 0.9 0.1 12
nt 0.1 3.3 55.7 16 24.9
p" 0.4 4.5 27.8 61.2 6.1

leptonic

Table of systematics

arXiv: 2502.04885 | Submitted to Phys. Rev. D

D
<O

Belle 1II

Source Syst.
Simulation statistics 13.3%
Fit variables PDF corrections 5.5%
Decays branching fractions in MC 4.1%
Tag B~ reconstruction efficiency 2.2%
Continuum reweighting 1.9%
7¥ reconstruction efficiency 0.9%
Continuum normalization 0.7%
Particle identification 0.6%
Number of produced 7°(45) 1.5%
Fraction of BT B~ pairs 2.1%
Tracking efficiency 0.2%
Total 15.5%

Belle Il | 01-04-2025
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R(D™) and R(D™™)

BaBar, had. tag

Belle', sl. tag
0.307 £0.037 £0.016 :

LHCb"
0.441 % 0.060 + 0.066

Average :
0.342 £ 0.026 '

SM average
0.298 + 0.004

o
PRD 94 (2016) 094008 :
0.299 + 0.003 u
PRD 95 (2017) 115008 :
0.299 + 0.003 u

JHEP 1712 (2017) 060 -
0.299 + 0.004 -

EPJC 80 (2020) 2, 74
0.297 + 0.003

N
PRD 105 (2022) 034503 E
0.296 + 0.008 -

FNAL/MILC (2015 !
0.299 + 0.011 ( ) -

HPQCD (2015) .
0.300 + 0.008 =

0.440 £ 0.058 £ 0.042 : .
Belle”, had. tag :
0.375 £ 0.064 £ 0.026 -t~

Moriond 2024

| | |

0.2

leptonic

0.4
R(D)

BaBar, had. ta
0.332 £0.024 +0.018 ; e
Belle®, had. tag : :
0.293 £0.038 £0.015 o] @
Belle®, (hadronic tau) : :
0.270 #0.035 £ 0.027 e
Belle®, sl.ta ! :
0.283 £ 0.018  0.014 | ———
&5’8(;%0.018 +0.024 ——
b0, (Bgrogig ) ———
Belle II, had.ta% : :
0267 +£0.040 £0.031 &
hHGh ‘.
402 + 0.081 + 0.085 i
Average :
0.287 £0.012 .
SM average ! '
0254 +0.005 -
PRD 95 (2017) 115008 :
0.257 +0.003 =
JHEP 1712 (2017) 060 _..
0.257 + 0.005 .
PLB 795 (2019) 386 :
0.254 + 0.507 ) -~
PRL 123 (2019) 9,091801
0.253 + 0.0(05 ) -
EPJC 80 (2020) 2, 74 !
0.247 + 0.606 ) -
EPJC 82(2022) 12,1141 : 1
0.265 iO.(O13 ) ol
EPJC 82(2022) 12,1083 x|
0.275 + 0.008 AR
arXiv:2304.03137[hep-l: ! -
(5%3\71.% 1?),(()J1r3( 13 7(hep-lat] it
PRD 109 (2024) 7. 074503 ; :
0.252 +0.022 A
: : Moriond 2024
T N B L R T
0.1 0.2 0.3 0.4
R(D%)

Belle Il | 01-04-2025
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Belle 1II

R(D™) and R(D™™)

Diamond Frame (BaBar), [PRD 74 (Nov, 2006) 092004 ] ROE method (Belle)

7-2004
8699A15 0

e COS Ogy determined from energy-momentum conservation principle and assuming the missing particle is v (m, ~ 0)
 Tha azimuthal angle (¢) is unknown
« ¢ can be determined with the constraint that B lies on the cone with an opening angle, g+ and:

« Weighted average of 4 possible B-directions about the cone (BaBar)
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To be submitted to Phys. Rev. D <O

Belle 1II

R(D™) and R(D™™)

Input variables to BDT Belle II simulation

&
=

=  B" = D",

—

e BV D g, 5t
051 B pwen,+ B Dises,

e BB & continuum background 4t
0.4 31

Events (Normalized)

Events (Normalized)
Events (Normalized)

0.1 B Ll \ ‘—\_‘_ 1|
— T e 1
——— i N S A e — A
00 e "y _ i 0 : : - ‘ : 0o 1 2 5 10 15 20 &
| 00 02 04 06 08 10 12 &
S1E _\\-_\.-
COS(OBy) E extra )
cos’(®p)

L4t 14}
= 12} = |
g § 1.2
= L0y 3 10|
& — &
"5 0.8 | "O" 08} T
S = 9 T
~ 0.6} ‘ = ~ 0.6} — 2 psi 2 nt ] t
5 = P 5 cos” 055, + cos” 05y + 2cos 55, cos 55 cosy
=04 S 04} ] cos” &p = 2
= 0 S :
> > SN 7y
= 02 /M o02f

0.0 — 0.0 * = ‘

0.5 1.0 1.5 2.0 0.0 0.5 1.0 L.5 2.0 2.5

*
P Ppis)
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R(DH) and R(D™) =

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Input variables to BDT (data/MC agreements) 2000 D*+e |  D¥te-
W BO-D"* 1v 1500 | ' |
¥ = . . * % .
W= BB and Continuum Bkg. in D" *¢ | 5 1000
RO il o RO + 500
| B B'-D "IV, +B —>Dgap IV, inD"*{
= 0
mm B°-D"t 1y, S 1o O 1,
/7 MC Uncertainty E 1.0 E’“""‘/""*/*/’"”‘/?‘//AW% ///‘//f/ ’ ~ 10 +/-./+/7‘-;2/-/74/7"7‘/7§/7ﬁ///%/ W
¢ Data 3 0.5 e : g 0 5 ...........................
0.0 02 04 06 08 1.0 1.2 “0 1 9 510 15 20 o
Eextra [GGV] 4@’&
O
5 cos” 038, + cos® 0328 + 2cos 0%, cos 028 cosy R ‘
COS ¢)B - D*te™ COS2((I)B)
sin” Y 600 |
: e
> 400 |
S |
2 900 |
O
= 0
~ 10¢f -{f///)/ffff/ﬁ;‘é/%ﬂ%ﬁz/#/w-/‘-/#% < L5
5 05 ........................ ] _% 10
0.0 0.5 1.0 1.5 2.0 2.5 S 05¢

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25
. *
leptonic Belle Ppe [GeV/c] p; [GeV/d] 39



R(D™) and R(D™™)

%
imi Preliminary D tu~
imi +,,— _ -1 _ Preliminar H
Preliminary Belle II Dty [ £dt = 365fb y
0000 F Dte- 95D+ 15, Dt | 800 2500 | De- | 250 Dy
post-fit 200 4000 — §°_-’D”'w, post-fit 700 post-fit 2000 | post-fit 175
4000 ) 55 and Continum By In "2 gs o 20 200 150
Z 2 5 mm BO-D"" * (5, + BO-D .t Iy in D* 2 3 B £ 1500 2
g 600 % % 3000 : ZZ:z:;ﬁWMB'L’D;;p*m inD"*¢ 500§ g 1500 | 150 § % 125 g
B s 8 - w00° B B 2 00 100 S
b5 ) @ //7 MC Uncertainty @ ) ) ) &
= 400 £ §2000 ¢ Data 300 £ £ 1000 | 1002 g 75
= = Z. Z
- 8 1000 2007~ “ = £ 50
200 500 50
100 25
0 150 0 0 0 0 0
: 0 ! : 1.5 S 1.5
? g 1.0 ""1“tﬁf/‘-&/&’-’%{/’#’/}*/?‘/f*%{ﬁ ; 1.0 E 1.0 - 5
5 A s &
- 0.5 +——rm—r—r————————r—————————r 0.5 = a 0.5 = 0.5
0 02 4 6 8 10 12 14 16 18 20 0 2 4 6 8 1012 14 16 13 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Zai VS. z, bin number Zdiff VS. Zr bin number Z4iff V8. 2Z; bin number Zdiff VS. Zy bin number
'R(D(*)) with light leptons
’R(D:—/‘L) = 1.07 £ 0.05(stat) & 0.03(syst) e Results are consistent with LFU expectations
~+ % el q e .
R(D./,) = 1.08 £0.04(stat) + 0.03(syst)  within 1.30and 2.00, respectively
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Belle 1II

R(D™) and R(D™™)

I split fit nominal value 1 stat. unc. syst.unc. -==nominal value nominal total unc.
Stablllty check ® split fit nominal value 2~ -+ stat. unc. =+ systunc. - nominal stat. unc.
*
R(D ™) R(D" ™)
e/l i o " L
i e e R (D) determined independently for e/ u
b/D —_— — R(D ™) from DT are due to limited “feed-downs”, showing large anti-correlation
ety v ——t ot Split the sample into approx. two equal halves
Niracks < 4. — o D%t hasmore N, ;. < 4,then D" %
> 4| H————+ - HA——t tracks !
decay- | § | | § |
modes LENE N
tighter LID :
0.4 0.3

0.2 0.6 0.2 0.4

leptonic Belle Belle 11| 01-04-2025 a1



R(D™) and R(D™™)

To be submitted to Phys. Rev. D

Belle IT  Preliminary

[ Ldt =365fb"

Systematic Uncertainty

AR(D™)

AR(D*T)

BY - D®+r—p BY — D&+

—>

Add. & Mult. Uncertainties

MC sample size

0.032 (7.73 %)

0.0155 (5.05 %)

0.7

0.6

Additive Uncertainties
LID efficiency (e)
LID efficiency (u)

Fake rates (e)

Fake rates (u)
BDT modeling

0.0005 (0.13 %)
0.018 (4.26 %)
0.0198 (4.71 %)
0.0004 (0.09 %)
0.0140 (3.4 %)

0.0001 (0.02 %)
0.0010 (0.32 %)
0.0039 (1.26 %)
0.0002 (0.06 %)
0.0070 (2.2 %)

D
<O

Belle 1II

é Gap Branching fractions
B — D™ip, FFs
B(B — D™ tw,)
B — D*"¢v, FFs
Gap Modeling
7~ from D* — Dx

Tracking efficiency

0.010 (2.44 %)
0.0022 (0.55 %)
0.0025 ( 0.60 %)
0.0025 (0.61 %)
0.0022 (0.52 %)  0.0007 (0.22 %)
0.0003 (0.07%) 0.0003 (0.10 %)

< 0.0001 (< 0.01%) < 0.0001 (< 0.01%)

0.0005 (0.2 %)

0.0014 (0.45 %)
0.0002 (0.07 %)
0.0007 (0.24%)

T
&
ot

Other backgrounds

Multiplicative Uncertainties
LID efficiency (e)

ﬁ LID efficiency (u)

B — D™ep, FFs
B(r — {4 vyv,)
7% from D* = Dr

0.0 Tracking efficiency

0.0004 (0.12 %)
0.0002 (0.08 %)
0.004 (1.3 %)

Density of data candidates per event

0.0007 (0.18 %)
0.023 (5.55 %)

0.0012 (0.29 %)
0.0006 (0.18 %)  0.0006 (0.18 %)
0.0002 (0.04%) 0.0004 (0.13%)
< 0.0001 (< 0.01%) 0.0001 (0.04 %)
0.051 (12.32%) 0.018 (5.88%)

0.1

11 (12 (13|14

Total Syst. Uncertainty

-25 -20 -15 -10 -05 00 05 1.0 -25 -20 -15 -10 -05 00 05 1.0
T 2T
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|V, |from B - D£v

Belle 1II

Signal extraction

Belle II prchmm ary [ £ dt = 36 5fh 1

7000 : : : : : : : : : : : : : — x10* | Belle II preliminary [ £dt = 365 fb—!
! 0 2 — 29 A /° o ] 10 l ' ' l ' ' ' | » DA
6000 | g _}? e Ve X/mdf=335.4/318 BoD'f L4F g+ _, Do+, x2/ndf = 335.4/318 o
5000 ¢ 1_) D~e ;l‘ll: l1)) 1.2 Postfit . B+ DO e +l/ E”lw?
: ‘ontinuum ] I alse D ]
” [ . E]n(‘(t*rtnim\' ] 1.0+ - Continuum
= 4000 F Data o 2 7777 Uncertainty
:5 E 0.8+ { Data
2 3000 ; >
& : < = 0.6
2000 0.4F N N
1000 ¢ i:“:ﬂ:‘i I:l: ] 0.2 _ 'F.rfi- C
0 ‘ | ey e Wl e ) -
0.0=
= 3F E . 3 ' T T
z. :

: 1 t.4 1 te t .t by yat p ! totyag Ar . ! ¢ ¢t
e “h“ R byt thas ++T“r++ i it prH B Tt bbb ‘**ﬂhi“' S TS e 5 ++++#+; by +++---;—--ﬁ+{
zl -3F : S| 3¢ g

0 20 40 60 80 0 20 10 60 80
{C()S GRV. \V) hin ((OS OB\ W ) blll

-000 Belle II preliminary [ £dt = 365 fb~! %102 Belle II prellmmal v/[ [,dt .3()5 fb—!

7 . v . - - . - . - . - ; v . . r v v r . . -

, B~ D~ pty, X2/ndf = 335.4/318 - L4E B+ Doy, X2/ndf = 335.4/318 - g:g‘,

6000 F o ; !

Postfit T'rue D 1.2} Postfit True D

5000t BY — D'y, S *— Doty ot -

E Continuum 1. () U -
2777 Uncertainty % necertainty
£ 4000 Dt Ry { Data
< 1 -
= 3000 F ; & 0.6 )
2000 } ) . 041 " _
1000 P s & ‘f 02 -' _.-A_..‘__..- L~ oonanis . .--'—_.___ = |
e : = xuill

0 0.0 =

A3E | | | | Al ; T + 4

off i ‘L*‘#‘H"H-r;T*-h-ﬁﬁ-*+-t+**;+;i+-&iﬁ-*+, L4 ; t ; Y T thytd + +#-#H-ﬁ-ﬁ-“-n—-t-ﬁﬁ#-ﬂjﬁ-ﬁ-ﬁiﬂ--ﬁﬂ--ﬁ#—;ﬂ% | }. 1 it bttt *ﬁ*‘ H it Tr**- LT -W X Rk A 2 +*+ﬁ iyt SR AR ARNT R ptpd Nt +—+++ Pty H
o 20 10 60 80 0 20 40 60 80

cos Oy, w) bin
(cos gy, w) bin ( BY, W)
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|V, |from B - D£v

Signal Yield B [%]
Bt — D%*v. 75,186 2.34+0.11 Source Uncertainty [7]

Bt - D°%u*v, 61,259 2.27+0.11

B° > D etv. 47,617 2.07+0.13 Statistical 0.9

B - D p*v, 39,648  2.05+0.13 Systematic 1.5
0 — o+

g+__)>%0§+5j gg? i 3:1(2) MC Stat. Error 0.5

B — Div 2.10 & 0.08 Ve 0-5

foo/ f+- 0.1

— Ip 0.3

| V., | is extracted using ¥* fits to the measured w spectra B(D — K”g”)) , 0.3

Vertex fit x“ correction 0.5

. . B(B _) Xcel/e) 0.3

CLN parametrisation of the FF Lepton identification 0.2

Kaon identification 0.5

, Arz AFZ CLN AF] AFj,CLN Tracking efficiency 0.3

y? = Z - Signal PDF 0.4

- Aw Aw Aw Aw B — D*fv, form factor 0.1

o Background w modelling 0.5

. Ey — my reweighing 0.3

Result (Preliminary) B/~ Lifotime 0.1

Theoretical (FF fits) 1.3

Lattice QCD inputs 1.2

Long-distance QED 0.4

Total 2.1
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| V., |from B - D¢v

Al',/Aw and the correlations across different bins combined for the 4 sub-samples

Pij
Wi min Wimax AL/Aw[107GeV] 1 2 3 4 5 6 7 8 9 10

~.

1 1.00 1.06 0.22 +0.59 1.00 -0.06 0.15 0.08 0.07 0.04 0.03 0.02 0.00 -0.00
2 106 1.12 3.54 £+ 0.56 1.00 0.13 0.33 0.26 0.24 0.22 0.19 0.13 0.07
3 1.12 1.18 6.46 = 0.61 1.00 0.25 0.44 037 036 031 0.22 0.13
4 1.18 1.24 10.17 £ 0.68 1.00 0.37 0.59 0.52 0.48 0.34 0.20
5 1.24 1.30 14.27 £+ 0.72 1.00 0.49 0.67 0.55 0.41 0.23
6 130 1.36 18.68 = 0.84 1.00 0.58 0.71 0.49 0.30
7 136 1.42 21.41 +£0.89 1.00 0.59 0.60 0.36
8 142 148 25.42 + 0.96 1.00 0.49 0.48
9 148 1.54 28.11 £1.09 1.00 0.61
10 1.54 Wmax 29.44 + 141 1.00

Al';,/Aw for the 4 sub-samples

AT;/Aw [10 *°GeV]

i Wi min Wimax B° —Detve B> D utv, BY— D%"v., BT —D°%uty,
1 1.00 1.06 —0.1£+0.7 0.6 £0.7 —0.5x1.5 1.8+ 1.7
2 1.06 1.12 3.7£0.8 3.21+0.8 4.1+1.3 3.7+1.4
3 1.12 1.18 6.21+0.8 7.2+0.9 5.5+ 1.3 6.1 1.2
4 1.18 1.24 9.8+0.9 11.0£0.9 89+1.3 10,314
5) 1.24 1.30 13.9+1.0 14.8+ 1.0 140+ 1.3 13.7 1.3
6 1.30 1.36 18.8 1.2 18.0x1.1 186+1.4 18.6 £1.5
7 1.36 1.42 219+t 1.2 23.0x1.3 19.6 £ 1.6 19.7 £ 1.6
8 1.42 1.48 20.0t14 25.04+ 1.5 25.5 £ 1.7 25.50 1.8
9 1.48 1.54 29.1 £ 1.7 273+ 1.9 28.1 = 1.8 26.01+1.9
10 1.54 Wmax 32.2 1+ 2.5 25.3 £ 2.6 30.5 2.3 27.21+£2.5
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