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CKM matrix elements S of — rera
— 44F — Exclusive [V | Tncliisive =
S T
E B e " E
e Precision measurement of CKM matrix elements are 38 /
. . . 3.6 =
important inputs to SM and enable ways to test it aE ' E
e Reducing the tension of inclusive vs exclusive 3 hrLay [E
E 3
determinations serves the scope of ESPP ) e
— Measurements of (semi-)leptonic decays at Belle II Vo 11071
B B
A ) osp% e
[ ") 0.1 “‘:" ‘/“’A, ng, Am Vv /Vew *
: 0902 0.0 ’Y 0‘2 ‘[;14 0‘6 08[3 1.0

ira kh ib d A HFLAV 2023. arXiv:2411.18639 [hep-ex] ~L—~
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https://arxiv.org/abs/2411.18639

| Belle Tl detector |

collision point

Experimental site

SuperKEKB

B-factory experiment in Tsukuba, Japan

= | Electron-Positron
L | linear accelerator

Asymmetric e*e” collider at Y(4S) resonance
Luminosity record of 5.1 x 103* cm™* s’

Run 1 (2019 — 2022): 424 fb! of data, 365 fb! at Y(4S)
Run 2 (2024 - ongoing): 150 fb™! of data

o(bb) ~ 1.1nb BB events

0(qqg) ~ 3.7nb (q = u, d, s, c) continuum events

Belle 11

- Hermetic & dedicated sub-detectors for tracking, PID and calorimetry

- Well-suited to inclusive measurements and analyses with missing particles

munira.khan@uni-bonn.de



Events kinematics and tagging at Belle

t'l-
/o
B B
=~~~ (45)/ T>q
BS Untagged Signal Side
Schematic Overview of y I :
Full Event Interpretation “_
_ . o ‘+ (+
) : \T\B BZJV
E c -- \Y 7 T~
| = () ) ) (48] ) )
= - Semileptonic Tag Signal Side
\;‘} < Q + -
\ N\ ‘ € ee®
NN
Bta \‘ L D,D* +
g (
N /5
. X'g 87
11/ \Y(4S / ™
+ = Hadronic Tag Signal Side
g™ = Y(4S) = BB
Comput Softw Big Sci 3, 6 (2019) - 3 -

Strategy for event tagging
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https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf

Inclusive vs Exclusive |qu| determinations

Inclusive [Vyp | Inclusive Ve |
B — X,y B— X .ty

1ape Function Operator Product Expansion

[B = |qu|2 [I‘(b = qlug) 4+ 1/mep + +]J

‘Leptonic’ IV | Exclusive [V | Exclusive Ve |

b> - B — mlig, Ay — pum, B - D{ly,,B— D*li
s -.”./---< :

@m%ﬁ%@]

B-Meson decay constar

— Long standing discrepancy between inclusive and exclusive determinations  m

munira.khan@uni-bonn.de 5




Measurements at Belle |l

|V, | Exclusive |V, | Exclusive
e B — Dlv (untagged) ° B0—>T['€+V{, and B+—>p0€+\){, (untagged)
arXiv:2506.15256 Phys.Rev.D 111 (2025) 11, 112009
e B — D*lv (untagged) e B-o1v
Phys.Rev.D 108 (2023) 9, 9 arXiv:2502.04885

IV, |= (40.13 % 0.27 + 0.93 % 0.58) x10 3

IV | Inclusive |V, | Inclusive

2 had. . . .
® B=XLv (a* moments, had. tagged) e B — X tv partial branching fractions (had. tagged)

Phys.Rev.D 107 (2023) 7, 072002

J. High Energy Phys. 10 (2022) 068 Paper in preparation

e B- chv (M, moments, had. tagged)

arXiv:2009.04493 >
. . \ el P
munira.khan@uni-bonn.de | oie



. arXiv:2506.15256
. submitted to PRD

Determination of |V | using B — D¢v, decays
at Belle II

munira.khan@uni-bonn.de 7 C&F



https://arxiv.org/abs/2506.15256

- arXivi2506.15256
. submitted to PRD

R DivatBellell TR

Y = hadron + lepton

Advantages to B — D#v: Depends only on one form factor DD, D,

-~

Q

and one main background (B — D*lv feed-down) =
3]
30

. . . 2 2 2
Differential measurement of using w = 2Bt™D—4

2mBmD

2 2
2 EBeamEY - mB - mY

2|pB||pY|

through cosfpy =

Access B momentum direction via Rest of event: p,,

- Calculating w = v, v for each potential direction of B momentum

- i i 1 Ak Ak . *
Calculating weights , _ 5 (1= P o) sin 0%,
munira.khan@uni-bonn.de 8



 arXiv:2506.15256
. submitted to PRD

B RN DlV at Belle II L

2
cosbpy =
NG S + T 2|pB||pY|
Reconstruct: D> K nt & D"-» K- n* ™ and
i Belle II Preliminar; f,Cdt:365fb*1 Belle II Preliminary fﬁdt 365 fb—!
lepton of matching charge (e, ) e 1 i Cawas s
8000 - g B D*tv Prefit == B5D*tw Profit
. 1 T'ruzD o 1 T.L PD
D* veto and selections to reduce other = 6000 ] mm Conn oy O e
e./ wm% MC all. unc. e w MC all. unc.
backgrounds g ' goop
2000 |- 2000 -

Several control samples validated and

correction factors derived from some of them { 1ok
-3 2 COS—(;BY 0 1 2 LT T COS—;BY 0 1 2

Signal expected in cos6,, = [-1, 1]

munira.khan@uni-bonn.de 9



arivi2506.15256 |
. . . . submitted to PRD
S|gnal_extract|0n -ﬁt ..................................................... :

Maximum likelihood fit in 10 equal-width bins of cosf,, and 10 bins of w

Belle II preliminary [ £ dt = 365 fb!

H . x10*
Five components: ¥ — T = ]
1.2} Postfit : - . . . . : TrueD
i 1.0
e B - Dlvsignal Zos|
>
0.6
e B - D*lvfeed-down "
e Correctly reconstructed D -
e  Mis-reconstructed D TS TSR K PRI SN S S VU S ST SRPTRTT SVURIIT R W
7;:511))»” f+ R A R A Y A R AR AR AR A SRR R R AR A SRS AR L A R RS +rln e
e ee — Lighter quarks and tau pairs 0 20 10 60 80

(cos Oy, w) bin

Bin-to-bin migration effects are accounted B(B® = D~ ¢Tu,) = (2.06 = 0.05 (stat.) £ 0.10 (sys.))%
for by constructing signal templates

B(BT — D 0tv,) = (2.31 £ 0.04 (stat.) & 0.09 (sys.))%
based on generated values of w y.

- \

munira.khan@uni-bonn.de 10 G




V_ | extraction and results

dF(B — 5£+Vg)
dw

oc signal yield

o (w—1)3/2

2 2 2
_ mp+mp—q
2mpmp

Two form factor models:

,0
mew (1+65°)

G*(w)

QED correction

9° = (pg - Pp)?

form factor

— BCL (Bourrely, Caprini, Lellouch) parameterization [PRD 79, 013008 (2009)]
— CLN (Caprini, Lellouch, Neubert) parameterization [Nucl. Phys. B 530, 153 (1998)]

V)2

Ve!=

(39.2 £ 0.4 £ 0.6 = 0.5) x10 3

The most precise measurement to date using B — D£v !

munira.khan@uni-bonn.de

- arXivi2506.15256
. submitted to PRD

Belle II Preliminary [ £ dt = 365 fb~!

% x2/ndf = 9.7/9
30
—— BCL (N=3)
¢ Data
¥

1o Mew|Ven| x 103 =239.4 + 0.8




Determination of |V | from simultaneous
measurements of untagged B°—»m¢*v, and
B*—p°f*v, decays

munira.khan@uni-bonn.de 12 N



https://journals.aps.org/prd/abstract/10.1103/jnwn-ts6q

Exclusive [V | from untagged B — mév, and B - pfv,

Analysis setup

Signal components: o[ ; foeen =
Lo =i S TR famr 2F
True Signal . =
Combinatorial Signal g s

-

a
b
c. Isospin-conjugate signal
d

f I | :
- olhg 5 ofg 5
Cross-feed signa 48 | 2 |
+ ¥
A 0 - - L% o .
E : | oA ]
-075 -050 -025 000 025 050 075 100 125 5100 5125 5150 5175 5200 5225 5250 5275

AE [GeV] M [GeV]

Background suppression:

Belle I == Signal = XLy 1 Signal x2

1 Signal x2
[ Comb Signal  mmm X v 7. MC unc.

Belle Il == Xty

S
2.00
[ Comb Si 1] Xt w4 MC X
[edt=364b" S, B Se une 35 [rat=3641b71 v _
175 F Beagr -t - Other 86 ¢ Data 8% s ¥ -ty = Other B8 t Data
g 4 m ntv = Continuum 7 et =% = Continuum

BDTs for BB and continuum suppression
trained wrt. on signal mode and qg° bin
— 2x (13 + 11) = 48 BDTs

; IL
-075 -050 —025 000 025 050 075 100 125 5100 5125 5150 5175 5200 5225 5250 5275

AE [GeV] M [GeV]

munira.khan@uni-bonn.de 13 Bolle I



103 Events / Bin

Npata — Nmc

Fit results

Simultaneous 3D fit in 460 bins: (13+10) of q° x 5 of AE x 4 of M__

5F

[ Belle Il [rdt=364fb1
[ B-omlv: B-plv:
4 [ == Signal R Other B8 4 Data | BEE Signal EEE Other BB
L 3 X, lv I Continuum . X, lv I Continuum
L X 0V 0 X Lv

Signal yields are obtained in bins of true g*

Total branching fraction as sum of partial
ones obtained from fitted yields and

efficiencies

B(B® — 7= %) = (1.516 & 0.042 4 0.059) x 10~4
B(BT — p%0Tuyp) = (1.625 4 0.079 & 0.180) x 1074

munira.khan@uni-bonn.de

— Consistent with SM




Determination of |V |

Estimate |V | by minimizing X% = Z’inzl(ABi — AFiT)Ci}l(ABj — ATGT) + Xfheo

B> = ¢*tv (LQCD)

dB/dg? (x10°) [GeV~?]

B> 1t~ ¢*v (LQCD and LCSR)

[ Belle ll [cdt=364f0
8-— B ity
6_

4

[ LQCD + LCSR
2 — BCL 30

[ mm 10 § Data

w20
O e e e

0 5 10 15 20 25

g° [GeV?]

dB/dg? (x108) [GeV~2]

B%- p%¢*v (LCSR)

L Belle I B* - pO+y,
12f Jedt=364fb71
10F
8f
6f
s
2F —BSZ mm 20 } Data
[ 1o 30
O -

Pl EPEFETETS EPEFETES ASTETErS TSTATAT ATATATArS STTATATS AYATETArS ARTArar et
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
q° [GeV?]

Vs| Bsrew, = (3.934+0.09 +0.13 +0.19) x 1073

[ Belle ll [cdt=364fb"1
N—‘S-_ BO>n Lty
S0
[} L
Ot
e [
a1
X 4T
%' [ Lqcp
] 2| — BCL 30
C [ mm 1o i Data

I w20

Rl i S T S SN T
0 5 10 15 20 25
q? [GeV?]

LQCD only
LQCD + LCSR

V| Bosmew, = (3.73 £ 0.07 £0.07 + 0.16) x 103

munira.khan@uni-bonn.de

Vab| B—sptr, = (319 £0.12 £ 0.17 £ 0.26) x 1073



Exclusive |V | result

— 48—

g 4.6
244
Z 42

|V, | excl. HFLAV = 4
(3.67 +-0.15) x 103

B® - wtlv : Vipligep = 3.8
(3.73 +0.16)x10~*

3.6
34

BY = plv i |Vyplicsg = 3 2
(3.19 £0.33)x107* :

2.8

L T I T T T I T I T T T I I_
:_ Exclusive IV | Ay’ = 1.0 contours _:
" . Inclusive 3
- Exclusive IV | IV, GGOU ]
= N IV : global fit ]
[~ ub cb ]
E - HFLAV Average E
A A K- EXEY R0 5 10
E HFLAV B
P —_—— e 2o 1 ]
__ P(x») =89% -
C I 1 1 L I 1 1 I L L L I 1 L L I I_
36 38 40 42 44

HFLAV 2023. arXiv:2411.18639 [hep-ex]

munira.khan@uni-bonn.de

IV, [107]

Separate [V, | extraction fits for  and p
mode

Different theory calculations:
- only LQCD constraints
- LQCD + LCSR

Experimentally limited by size of
off-resonance dataset and description of

the non-resonant B — Xu{’v backgrounds




Published in:

. Phys.Rev.D 107 (2023) 7, 072002 |

Measurement of Lepton Mass Squared
Moments in B—X £v decays with the Belle II
Experiment

munira.khan@uni-bonn.de 17 N



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002

Published in: :
1 . Phys.Rev.D 107 (2023) 7, 072002 :
Inclusive |V _| e s

e Theory uncertainty on incl. |V | associated to truncation of the HQE and
perturbative expansion ¢ = (pe+p,)" = (pp —px)°
— Measuring moments allows reduction of this uncertainty

e Reduced number of parameters by exploiting reparametrization invariance: vy

not allowed for lepton-energy or hardon-mass moments

—  Novel method to determine |V | from q? moments with

reduced number of parameters in the fit e™
[JHEP 02 (2019), 177]

—  First result of g> moments from Belle II at 62 fb!

m‘

munira.khan@uni-bonn.de
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https://link.springer.com/article/10.1007/JHEP02(2019)177

Published in: :
: . Phys.Rev.D 107 (2023) 7, 072002
Inclusive |V _| e s

Moments measured w.r.t. various lower thresholds in the distribution

(o)
S = [ G-orr@ax
. cut-off —oo
° Raw moment: ¢ = 0

. 1 Central moment: ¢ = Mean

~
N
o

o
T
°

14
=)
T
L]

0.40

«
T
°

T
— MO0,1)
0.35 |- ™ Data ]
— cut-off

IS
o
e
«
T

w
T
=
o
T
°

0.30

n
L]
o
o
L]

1st raw moment
[ ]
2nd centralized moment

0.25

0.20 cut-off cut-off

arb. units

e  Kurtosis |
cut-off

e  Skewness
25— cut-off

0.15

-
=
T
o

[l
=)

=
N
T

0.10

=]
o
°
=
5

0.05

=3
>
e
°
5 0 ®
T T T
°

0.00

-5.0 —2.5 0.0 2.5 5.0

variable x N SPC NRUUEtas S SRR R YO V oY

3rd centralized moment
o L = g
]
[ ]
[ ]
4th centralized moment

N

=)
=)

i
o
1
IS

2 0 21 4 6 -6 -4 -2 0 2! 4 6

; ; t-off t-off
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. El#;lshrfg\;nD 107 (2023) 7, 072002
Reconstruction strategy e s

- Employ hadronic tagging to obtain full event kinematic information

- Kinematic fit to improve resolution in M, and g _ _
X Variables of interest:

¢ 2

. . x10 MX, q
Slgnal SIde 1.4 | Bellell [ B_—»Xclv
[Ldt = 62.8b1 = B8 Bkg.

[ ete” »qq
w% Uncertainty
t Data

=
N
T

=
o
T

g% > 1.5 GeVv?/c*

Events / (0.42 GeV?/c?)
o
[o¢)

0.6}
04l
0.2
0-0 5 10 15 20 —~
q? [GeV?/c*] aoFr=S
munira.khan@uni-bonn.de 20 @



Inclusive |V | from hadronic tagged B—X £v Published in:

. : . - Phys.Rev.D 107 (2023) 7, 072002
Kinematic Fit e e

Not sufficient resolution and bias for M, and g’ after reconstruction

0.5 F Belle Il (simulation) Kinematic Fit

[ Belle Il (Simulation) % Kinematic Fit
[ Reconstructed %

[0 Reconstructed

=
IS

Use kinematic constraints:

Kinematic Fit
0.4 | Al@)=1.20GeV? B - XLv Signal MC
A(q?)rms = 2.65 GeV?

| Kinematic Fit .
A(mx) = 0.00 GeV B - XcLv Signal MC
A(mx)rus = 0.40 GeV

=
N

=
o

Reconstructed
A(my) = —0.36 GeV
[ A(mx)rus = 0.68 GeV

Reconstructed

e B meson mass at 5.279 GeV

0.3 | Alg?)=3.43GeVv?
A(g?)rms = 5.76 GeV

&
)

o
o

e NO missing momentum

Candidates norm. in arb. units
o
B

Candidates norm. in arb. units

e Positive MX2

o
[N

o
)

20 -15 -1.0 05 00 05 10 L5 20
A(q?) [GeV?] A(myx) [GeV]

v Improved resolution in M, and g°

munira.khan@uni-bonn.de 21 Bolle I



Events / (0.07 GeV/c?)

Signal Probability w(q?)

Background subtraction fit

1.0

0.8}

0.6

0.4

02}

0.0

1.2

1.0

0.8

0.6

x104
Belle Il B B Xy
[Ldt = 62.8fb? mm BB Bkg.
Bl ete” -»qq
w Uncertainty
{ Data
g% > 1.5 GeV?/c*

0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
My [GeV/c?]

Belle Il —— Cubic Spline

[ [Ldt = 62.8fb! @2 > 1.5 Gev2/c*

2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.0
q? [GeV?/c*]

munira.khan@uni-bonn.de

: Published in:
. Phys.Rev.D 107 (2023) 7, 072002

Event-wise master formula
W(qz ) X QCalLbL

Ndataw(q )
J

Ndata
( 271,) — Zi 0

X Ccalib X Cgen

Fit to M, to extract Signal and Background normalization

e Free floating signal-yield
e bin-wise nuisance parameters
e One fit for each lower threshold cut in g2

— Bin-wise signal probability

Cubic spline interpolation to obtain continuous signal probability
functions

\/ﬁ
.



Calibration procedure

Published in:
. Phys.Rev.D 107 (2023) 7, 072002

e Linear fit on MC to reconstructed moments vs generator-level moments

o For each moment & threshold cut, constant factors C__, and Cgen correct further bias

13— (QPco) =M (@2 ce) +€ 8 q7>5.0GeV2/c?
@ q?>1.5Gev?/ct A 9?>5.5Gev?/c*
8 q°>2.0Gev/ct & g?>6.0Gev?/ct
12 F A o’>25Gev?/ct * 2>6.5Gev/c*
& g2>3.0GeV?/c* Vv q?>7.0GeVv?/c*
* 02>3.5Gev?/ct @ q*>>7.5Gev/c*
—
*U 11 v g>40Gevc % q2>8.0GevZ/ct
~ © q?>4.5Gev?/ct A 9°>85Gev/ct
>
v 10
©]
—
— 9 m=1.04
> L
9 ¢ =0.75 GeV?/c*
N =
O
-~
st
2n ( 2n )/
7F Gcalib = \Greco — Cn)/ My
6L Belle Il (simulation)
1 1

5 6 7 8 9
(QSen, sel) [GeV2/c4]

10
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——1q

1.03
1.02
1.01
L;;; 1.00
0.99
0.98

0.97

Event-wise master formula
N
y dataW(ql?_) X q2n

2ny\ _ ~i=0 calib,i
) - Z'Ndamw(qz) Ccalib X C"gen
j=0 J
100 Fggjigii ™" T e e
. 2n 2n [rat=628m7 © °
Ccalib - <qgen,sel>/<qcalib> 098 (a?)
Belle Il 0.96
[Ldt = 628! < 5 5
2 5 n n
o © oz Cgen = (qgen>/<qgen,sel>
° o ° 0.92
°
- 0.90
o 2 3 4 5 6 7 8
g [Gev?/c*]
®

g3, [Gev?/c*]




. . . PPL#;:EhFig\;nD 107 (2023) 7, 072002
Systematic uncertainties e s

Inclusive |V | from hadronic tagged B—X £v

Systematics dependant on lower threshold cut and moment of g2

71 Total Sys. Uncertainty
25tk Belle Il [ Non-closure Bias Belle Il
' ILdt = 62.8fb1 [ Background Subtraction 8 det = 62.8fb7 !
[ Calibration (MC Statistics)
[ Calibration (Reconstruction)

[0 Total Sys. Uncertainty

=1 Non-closure Bias

1 Background Subtraction
[ Calibration (MC Statistics)
[ Calibration (Reconstruction)

°\° [ Calibration (X, Model) °\° 1 Calibration (X, Model)
= £ 6
I —~

O OOO'
= =
& =
S T
= =

& 2

v

S g

2 3 4 5 6 7 8 0

g2, [Gev?/c] g3, [Gev?/c*]
munira.khan@uni-bonn.de 24



(9%) [GeV?/c]

(9°) [(GeVZ/c*)?]

Results

Published in:
. Phys.Rev.D 107 (2023) 7, 072002

Extracted moments can be used in

fit to determine value of |V |

(Extracted |V | value combined with Belle result)

V,,| = (41.70 £ 0.69) x 102

Belle II - 901 Betent L
9} frdt = 628! * [Ldt = 62861 -
om
8o} i
oa
oo —_— o
8 " =70} .-
= < o
on >
v 60 | 4
7 ¢ (2] 4
™ =
4
b 4 I
- T 50 %
6 $a
ta a0l s
ba ¢ Measurement . L] ¢ Measurement
b & x. Model b & x. Model
5L i . i ‘ ; : ‘ 30L . ‘ , ‘ ‘ ;
2 3 4 5 6 7 8 2 3 4 5 6 7 8
a?, [Gev2/c] af, [Gev?/c]
x103
860 Belle Il ¥ 8 i e
F [ Belle Il
Ldt = 62.8fb!
I # JLdt = 62.8 b
700 | @ r £
i g e
600 | - b 4
Ll % 5F ¢
500 - o ™
= =at 4
400 | t T =
- o t
300 - . & ¢ Measurement . 4u o ¢ Measurement
™ b 8 x. Model 2 ™ L] & x. Model
200 L L L L L L . L L . . L L
2 3 4 5 6 7 8 2 3 5 6 7 8
q?, [Gev2/c*] af, [Gev?/c*]
munira.khan@uni-bonn.de
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https://link.springer.com/article/10.1007/JHEP10(2022)068

. Paper to be submitted :

Measurement of inclusive B—X #v partial
branching fractions and [V | at Belle II

munira.khan@uni-bonn.de 26



Measurement outline

Kinematic selections break inclusivity requirement of the HQE and
predictions of differential decay rates become necessary

— Predictions rely on effective description of the b-quark motion inside

the meson

— Shape functions

Three phase space regions

(87%, 57% and 32% of full available phase space)

Hybrid model approach to combine resonant and non-resonant modelling

3D re-weighting in E %, M,, g
Wik =

munira.khan@uni-bonn.de

Phys. J. C 80, 966 (2020)

I I Ol — o+ — Hybrid model
0.3 B" — X’U- g 4 —— Resonant
== Inclusive (hybrid)
0.2 = Inclusive

0 0.5 1 0.5 2 25

GeV/cz)
0.4 + 0p+ = Hybrid model
B - X’ue v = Resonant
0.3 == Inclusive (hybrid)
0.2 = Inclusive
0.1
0 0.5 1 1.5 2 25 3 3.5
M, (GeV/c?)

N
<



Selections and modelling corrections

Hadronic tagging and inclusive reconstruction of X
Variables of interest: E ?, M,, ¢°

Background suppression

e BDT-based corrections to continuum shape and normalization
e ML-algorithm trained on nine kinematic variables to
suppress B — X ¢v background

Modelling corrections to B —» X £v

e« mismodelling could not be attributed to a single source: normalization and shape
correction are corrected separately: normalization from ABCD method

e Shape correction is directly implemented into the signal extraction procedure by
simultaneously fitting CRO,IOW ( B—-X £v enriched region)

munira.khan@uni-bonn.de

K multiplicity

Paper to be submitted :

«c:Belle Il Preliminary [ dt=365fb~?
1.4

0
EFf>1 GeV Continuum £
Fake! mm
120 Secondary ¢ mmm
P Dgiplv mmm
1.00 g o

D'ty mmm

Dtv mmm
Xylv .|
Xutv x10
MC Uncert. 4%
Data ¢

.7
0.000 0.125 0.250 0.375 0.500 0.625

Py
0.750 0.875 1.000

Sx.
CREK low VRK mid CRK high
CRo,low VRo,mia SR
0 0.60 0.87 1

B — X lv suppression classifier score

(
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g Belle Il Preliminary [cdt=365fb"!
§ T T

CRo, low i Other backgrounds

Ef>1 GeV ! B XcAv mm |
! ! B X,fvin mmm
Y i Uncertainty 8%
H | Data ¢ |

' i i
EFE[1.0,1.3): EF€[1.3,1.6) : EF€[1.6,1.9) : EF€[1.9,2.7] 4
I 1 1

) 0 4 8 ZIE 4 8 2'6 4 8 Zlﬁ 4 8 26
q° [GeV?]
«o:Belle 1l Preliminary  [£dt=365fb1
T T T T

2.00 | = Other backgrounds | SR
1

#8% Uncertainty
¢ Data

075 1

i i i
0 4 8 26 4 8 26 4 8 26 4 8 26

q? [GeV?]
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Signal Extraction

Simultaneous fit in signal region (SR) and control region (CR)

- - B 2
2D flt In E ? and q Phase space selections Acceptance

Ef > 1.0 GeV 87%

Three templates: EF > 1.0 GeV
) Mx < 1.7 GeV 57%

Signal B— X #v, B — X £v and other bkg. EP > 1.0 Gov
Mx < 1.7 GeV 31%

q° > 8 GeV?

Different phase-space selections
Unconstrained B — X #v normalization factor in SR (fixed in CR)

— Accounts for B — X £v mismodelling and correlations



Belle Il Preliminary

AB(B — X, tv)

V| determination |vub|:\/

AT (B — X, lv)
Three theoretical frameworks:

° BLNP [PRD 72, 073006 (2005)]
° Dressed Gluon Expansion [JHEP 10, 058 (2007)]
° Gambino, Giordano, Ossola and Uraltsev [JHEP 01, 097 (2006)]

Result in most inclusive phase space region (GGOU):

AB(B — X, fv) = (1.54 4+ 0.08 +0.12) x 10~

Vi) = (4.01 £0.11 +0.1672:97) x 1073

— Consistent with inclusive HFLAV average, exceeds exclusive average
— Competitive with Belle thanks to better tagging algorithm and more

modern background suppression methods

— Leading systematics: B —» X £v modelling and corrections on B — X £v modelling

munira.khan@uni-bonn.de

This
measurement f*
EE>1 Gev -{

-
r
EF>1 GeV
My < 1.7 GeV
-
EP>1 GeV
My <1.7 GeV
g% > 8 GeV?

HFLAV inclusive

HFLAV B - rlv

2.0 25

3.0 35 4.0 4.5

Ivubl x 103
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- arXiv:2502.04885
. submitted to PRD

Measurement of B — tv branching fraction
with a hadronic tagging method at Belle II
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https://arxiv.org/abs/2502.04885

M2, (GeV?/c?)

M2 (GeV?/c?)

signal PDF

0.0 0.2 0.4 0.6 0.8 1.0
Eg (GeV)

Belle IT Simulation Tt et v,
[ [ cdt = 365 fb! -0.16

g background PDF

0.0 0.2 0.4 0.6 0.8 1.0
EgH (GeV)
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- arXivi2502.04885

. . submitted to PRD
Anal.ySIS SEtup TR :

+

Clean in theory, experimentally challenging
u
Helicity suppressed in SM \ Ve

|V

Sensitive to NP contributions (e.g.charged Higgs) ol

Fully reconstruct Btag and analyse simultaneously for four tau decay
modes:

T—ev, T uw, T - v, T— pv (72% of tau decay modes)

Reconstructing the Rest of the Event (ROE):
— Sum of cleaned-up energy in calorimeter: EECLextra

— Missing mass of undetected particles: M?

miss



- arXivi2502.04885
. submitted to PRD

Slgnal_eXtraC'Uon procedure .....................................................

Suppress continuum background with two separate BDTs for hadronic and lepton

decay modes

160;Belle 1 Pr‘eliminary ‘ i Sig ‘ Bkg Unc. ] Belle IT Pr‘eliminary I -‘ Sig ‘ Bkg Unc.
[ frdt=365 ! — Bkg + Data 140 [£dt =365 fb~! — Bkg + Data
[T+ —»e* DDy — Tot 1 T st D, — Tot
Signal yield extracted from M Gaviet 120/ Msn > 10 Geviet
- - E E 100
simultaneous 2D binned 100 -
- - - = = >
likelihood fit on EECL@"tra and 9, 2 6o
40+
M2 to all four channels |
miss 90 20-
8 1 L N 1 n 1 It n 1 1 L | n n
J0 0.2 0.4 0.6 0.8 1.0 840 0.2 0.4 0.6 0.8 1.0
EgSr (GeV) Egei* (GeV)
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- arXivi2502.04885

. . submitted to PRD
EXClUSIVE |Vub| FESUlt L I :

SM SM
Branching fraction is measured with 30 significance Vubleze [Vubline

™ T T T T T T T T T T T T T

M, Belle II (365 fb~1, hadronic)

E

B(BT — t7v;) = [1.24£0.41(stat.) £0.19(syst.)] x 10~*

1.24 £0.41 £0.19 Preliminary

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

— Consistent with current world average and SM prediction

BaBar (426 fb~1, hadronic)

+
_ +0.74 -3 1.831333 £0.24  PRD 88(2013)3,031102
V| g+ o7+, = [44175 g0] x 10
_d Belle (711 fb~!, hadronic)
i 0.72%327 £0.11  PRL110(2013)13,131801
Uncertainty competitive with previous analysis despite lower !
o - Belle (711 fb~!, semileptonic)
statistics | 1.25 £0.28 £0.27 PRD 92(2015)5,051102
— Improved tagging algorithm and optimized selection 0 b T

B(B* = 71ty,) (x107%)
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Summary and Outlook
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Summary and OQutlook

|V, | Exclusive |V,,| Exclusive
e B - DIv (untagged) e B’>métv, and BY—p®f*v, (untagged)
Several results from Belle II were presented Py e 111 2025 11, 112008

IV, |=(39.2 £ 0.4 + 0.6 + 0.5) x10 3
V., |=(3.73 £ 0.07 £ 0.07 £+ 0.16) x10 3
e B - D*lv (untagged) e Botv Vol = ( )

Phys.Rev.D 108 (2023) 9, 9 arXiv:2502.04885
[Vl=(40.13 £ 0.27 + 0.93 + 0.58) x10 -

Results on moments at Belle II:

IV,,|= (4.41 % 0.89) x10 3

e g% Moments (Phys.Rev.D 107 (2023) 7, 072002) |V | Inclusive

° MX moments (arXiv:2009.04493) e B — X £v (g moments, had. tagged) e B X,Iv partial branching fractions (nad. tagged)
Phys.Rev.D 107 (2023) 7, 072002

_ -3 ) )
3. High Eneray Phys. 10 (2022) 068 |Vcb|_ (41.70 £ 0.69) x10 Paper in preparation

Many ongoing measurements on moments: o B> X.£v (M. moments, had, tagged) IV,,|= (4.01 £ 0.11 £ 0.16) x103

|V,,| Inclusive

- First simultaneous measurement of E?, g°

A, HUMAIR, JUTTNER, PISCOPO.

[ . - !
~TLHeb
LONG-TERM  ~ K7 Bellent

ESPPU PRE ! b
J PRELIMINARY Tera-Z 6x10'2

and M_moments in B - X ¢v decays

- g*and M, moments in B, - X v decays 8
Q-
[ :)
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Backup
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Measurement of Hadronic Mass Moments
in B—X £v decays at Belle II
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Background subtraction and calibration

x103
4 | Belle Il (preliminary) B Xty
o 3 B-Div
. JLdt = 346fb1 i
o) pf >0.8GeV .00 . B-D**Iv 14
2 i
337 =Tk Fit Range: Mx €(0.0,3.4) GeV  —— probability
o ot == Cascade _ 12 p*=0.8GeV Nasta = Mo
g . =3 HadronFake EX Order 7 ¢ N
= = B other BB - -
= 2 ) . - Z‘:iaqa 2 1.0 Belle Il (preliminary)
2 . . Uncertainty > [Ldt = 34672
< ¢ % b Zosf
] . ata =
>t . . a
“ S 06}
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— 041
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T 1.00} .
4 0.0f-
g 075 ) : " ‘ e J| . " A L2 Y
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S wi(Mx)Mx catibi
> wi(My)

<M;l<> — X Ccalib X Ctrue
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Results

Consistent with
previous results but
non-competitive result
at 32.6 fb!
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