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Measurements covered In this talk:

Exclusive |Vcb|:
. Had. tagged B —» D*¢v

- Had. tagged B — D*¢’v and shapes of key kinematic variables : :
Exclusive Inclusive

Exclusive |[Vubl: | Vcb ‘ ‘ Vcb ‘
. Untagged B —» 7~ ¢v

Inclusive |Vubl:
- Partial & differential branching fractions of B — X £v Exclusive Inclusive

|Vub‘ ‘Vub‘

Combined measurements:
 Excl. |Vub| / incl. |Vub|
* Incl. [Vub| /7 incl. |Vep|
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Branching Fraction of B’ — D*#v and [Vl I

Belle 11
Preliminary
® Decay chain: B9 = D*+ v, D*+ = DOrt*giow, DO = K- 11+
e Belle Il [cdt=189.3fb 1
® Data set of 189.3 fb-1 with untagged strategy (higher efficiency than I BoSD*te-p. . ¢ m Signal
taacaed i : : : : . I TrueD’ background
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M(D9) = [0.141,0.156] GeV, cosBgy = [-4,2] e [ R
® 2D binned linkelihood fit on (cosB., AM) for each bin of kinematic 0 100 B :
. o
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Branching Fraction of B’ — D*#v and [Vl I

Belle 11

Preliminary

* Unfold signal yields using singular-value-decomposition (SVD) input of PDG2022

reco. eff & acc.

/ yunfoldod \
* Full post-unfolding stat. & syst. covariance propagated into ATl = S Sl S 4 TSNSl el It o S
| : RNt 0+ 0 e |
partial decay rate RoB(D D"r")B(D” — K 7" )Tg0 |
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https://arxiv.org/abs/hep-ph/9509307
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Branching Fraction of B’ — D*#v and [Vl I

Belle 11
Preliminary
e Include all measured w, cos8;, cosBy, y to extract form factor & [Vep|
¢ Fit differential shapes with form factor expansion based on Caprini-Lellouch-Neubert (CLN) [Nucl. Phys. B530, 153 (1998)] &
Boyd-Grinstein-Lebed (BGL) parameterisations [phys. Rev. D56, 6895 (1997)]
* BGL truncation based on nested hypothesis test
* |Inclusion of LQCD constraint [Eur. Phys. J. C 82, 1141 (2022)] at beyond zero-recoil (w = [1.03, 1.10, 1.17]) in two scenarios
Belle Il Preliminary [ dt=189fb1 Belle Il Preliminary [ dt=189fb?
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https://arxiv.org/abs/2105.14019
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Branching Fraction of B’ — D*#v and [Vl I

Belle II
Preliminary
* Include all measured w, cosB;, cosBy, y to extract form factor & |Vep|
* Fit differential shapes with form factor expansion based on Caprini-Lellouch-Neubert (CLN) [Nucl. Phys. B530, 153] &
Boyd-Grinstein-Lebed (BGL) parameterisations [phys. Rev. D56, 6895)]
* BGL truncation based on nested hypothesis testipnys. Rev. D100, 013005]
* |Inclusion of LQCD constraint [Eur. Phys. J. C 82, 1141 (2022)] at beyond zero-recoil (w = [1.03, 1.10, 1.17]) in two scenarios
Preliminary
: . Belle Il Preliminary [cdt=189.3fb2 Belle Il L o & o :
Constraints on Constraints on L elle Il Preliminary [cdt=18931b _,Belle Il Preliminary [cdt=189.3fb
OF BY9-»D"+1 -7, Inclusion of hy, (w Sk go_ p*+ - i) B e
BGL122 hAl (’U)) Aq (’IU), Rl(w)7 R?(w LB - Inclusionothliw;, 15; F R B e L n R
X 10° 907 T, T Z0 >Ry e BN = 1 ' .
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¢ x10° L1 +0.8 —0.5 +0.8 | hA 11} g
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/ _ . . .
. : Similar tension seen in recent Belle (2023) measurement [arXiv:2301.07529]
|V, | shifts when include LQCD = Both found large disagreements wrt LQCD results on R>

full constraints



https://arxiv.org/pdf/2301.07529.pdf
https://arxiv.org/abs/2105.14019

Branching Fraction of B — D

« Lepton-flavor-universality tested with separate results on e- & mu-mode

« Allin good agreement with SM expectations

*CU and |Vcb|

D
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Belle 11

Preliminary

Test on branching fraction ratio: E_,, = 1.001 -

e/p

Test on forward-backward asymmetry:

fol dcos8,dI"/d cos 6, — f81 d cos 0,dI"/d cos 6,
fol dcos,dI'/d cos 6, + ffl d cosf,dI"/d cos 0,

AApp = App — Arp

'AFB o

Preliminary

Aip = 0.219 + 0.011 £ 0.020,
“Ale‘B ). 205 == 0.0l 1§ S0 058

- 0.009 = 0.021

Preliminary

Test on D* longitudinal polarization fraction:

1 I 3 1 —F
’ (FL cos” by, L sin? 9v>

['dcos by B

AFL:Fg—FE

Preliminary

Ff = 0.521 + 0.005 -
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IVeo| & Differential Shapes of B — D*¢v /D>

BELLE

arXiv: 2301.07529

e F[ull Belle data set of 711 fb-1 for Bi’o, r=e,l accepted by PRD

* Hadronic tagging using Belle Il tool (Full Event Interpretation [comp. Soft. Big Sci 3 (2019) 6])

e Background subtracted via fitting Mr%liss for bins of 1, cost,. cost, . y in each decay mode independently

e Combined all kin. shapes to extract |Veb| in BGL/CLN with external constraints on branching fractions ¢r.ay and LQCD FnaumiLo)
Eur. Phys. J. C 82, 1141 (2022)

Belle B~ -D™¢p, [Ldt = 711 fb™1 w cos 6, cos 6y
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https://arxiv.org/pdf/2301.07529.pdf
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://arxiv.org/abs/2105.14019

D

IVeo| & Differential Shapes of B — D*¢v /D>

BELLE

arXiv: 2301.07529
accepted by PRD

* In |Veb| extraction, tested different BGL truncations, LQCD constraining scenario (at or beyond zero-recoll)

e Forward-backward asymmetry AFB and D* longitudinal polarization fraction FE* and their differences
between e, i also derived. No significant LFUV found.

1dcose dI'/d cos, — _0 d cos, dI'/d cos,
0 1

FB =
Veplpgr, = 0.6 £09) X 107 ———@———  Excl. BGLin w/ hs,(1) Jy dcos;dT'/d cos, + [, d cos, dT'/d cos,
-3 —Ge : A
Vo lory = (40.1 £0.9) x 107 Fxcl. LN i haD)
o Excl. BGLizy W/ ha, (W) B’ - D*t¢p, 0.062 +0.044 + 0.011
* Excl. CLN. W/ hy,(w) B~ — D*¢p, —0.003 £ 0.033 £ 0.009
B — D*fﬂg 0.022 4 0.026 = 0.007
- Excl. BGL121 w/ hAl(W), R1(w), R2(w)
@ Excl. CLN  w/ ha,(w), R1(w), Ra(w)
® Excl. CLN HFLAV Summer 2021 1 dI' 3 2 1—-F, . o
Fdcosfy, ~ 2 (FL cos” Oy + 5 sin HV)
Incl. E;, mx Moments >
Incl. g2 Moments @
CKM Unitarity o B° — D*"¢p, 0.032 £ 0.033 £ 0.010
T T T T T T T — *x0 p—
V| X 103 B — D*lp, 0.034 = 0.024 4= 0.007
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https://arxiv.org/pdf/2301.07529.pdf
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IVub| in B - 2=¢*v Decay

e Data set of 189.3 fb-1 with untagged analysis strategy

e Extract signal in beam-constrained mass M,,. and energy difference AE for each bin of q2

D

o

Belle IT

arXiv: 2210.04224

¢ |V,,| fitted with Bourrely-Caprini-Lellouch (BCL) [Phys.Rev.D79, 013008] expansion including LQCD constraints (FNAL/MILC [Phys. Rev. D92, 014024])

B> mn~etv, B> mn~etv,
Belle Il Preliminary [cdt=189fb1 Belle Il Preliminary [ dt=189fb1
0000 == signal XLV %% MC unc. 6000 - == Signal E X L 2% MC unc.
B Comb Signal mmmm Other BB ¢ Data B Comb Signal mmmm Other BB ¢ Data
5000 k B X, Lv BN Continuum 5000 k B Xy lv BN Continuum
Q€ : z z q’€ 1 | ‘
[0,4]Gev2 | (4,8]GeV? | (8,12]GeV? | (12,16]GeV? | (16,20]GeV? |(20, »]GeV? [0,4]Gev? | (4,81GeV? ' (8,12]GeV? | (12,16]GeV? (16,20]GeV? (20, =]GeV?
< 4000 : ' ' S 4000} ; * *
m (48]
~~ ~~
hd hd
- -
Q Q
> >
L L

AE in GeV T Mpc in GeV
2
V'S _ S .
AE = EE — E‘:;eam — EE 9 My, = \/Eggam — |p§|2 — (%) - |pg|2
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https://arxiv.org/abs/2210.04224
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IVuo| in BY - 7z=¢*v Decay <O

Belle IT

arXiv: 2210.04224

e Data set of 189.3 fb-1 with untagged analysis strategy

e Extract signal in beam-constrained mass M,,. and energy difference AE for each bin of q2

¢ |V,,| fitted with Bourrely-Caprini-Lellouch (BCL) [Phys.Rev.D79, 013008] expansion including LQCD constraints (FNAL/MILC [Phys. Rev. D92, 014024])

Belle Il Preliminary

x10-5 [rdt=189fb-1

1.2 L I 1 ) 1 1 l 1 | 1 1 I 1 | 1 1 I 1 | 1 1 I 1 | 1 1 I 1 l_l
& — lo
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S 10| — 20 _ —4
3 °F e B = (1426 £ 0.056,, + 0.125,,,) X 10
~ 08} .
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g f :
£ osf 1 1Vl = (.55 £0.12,4 £ 0.13,, £ 0.174,0) X 107
| B -
= B -
t 04 7]
n [ :
X 02 N
e _ -

0.0 0 | | | | é | | | | llo | | | | 1|5 1 | | | 2|O | | | | 25

q° [GeV?]
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https://arxiv.org/abs/2210.04224

Recent Belle Il Results on Exclusive [Vxp|

B’ - D" ¢*v ,untagged

B - D ¢*v ,tagged

B — D¢v ,untagged

B — rmev ,tagged

B — nfv ,untagged

|Vcb| x 103

40.9 + 1.2 (BGL)

37.9 = 2.7 (CLN)

38.28 + 1.16 (BGL)

|Vub| x 103

3.88 = 0.45

3.95 = 0.25

References

To be submitted to PRD

arxiv:2301.04716

arxiv:2210.13143

References

arXiv:2206.08102

arXiv:2210.04224

| Ve
|V,

b |excl

b ‘excl

HFLAV 2023

= (39.10 £ 0.50) x 1072
=(3.51+0.12) x 1072
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D

Inclusive B — X /v and [Vu| .

BELLE

PRD 104 , 012008 (2021)

* Full Belle data set of 711 fb-1 with Hadronic tagging
* Use machine learning (BDT) to suppress backgrounds

with 11 training features, e.g. MM2 #K+, #Ks, etc. e Extract signal using binned likelihood in 3 phase space (PS) regions:
©) EBB > 1 GeV (covers 86% of available signal PS)
L — _ o EB>1GeV, M. <1.7 GeV (s6%) — Fiteither E°, M, , gq*or 2D (M, : %)
D,D* + _ [ Other _ 4 X
4 Al m B-XAv ] o EPB>1GeV, M, <1.7 GeV, q2 > 8 GeV? (31%)
X'p g~ 7 8| Partial BF and inclusive [Vul derived in each PS
Y ¢ Data § ® Farta ana Inciusive erived In eacC
'IT/ \Y(4S)/ \\V/X = ! 7 MCunc. 1 ub
u ~
Hadronic Tag Signal Side g 51 BDT > 0.85
g | ARB(E] > 1GeV) = (1.59 £0.07 £0.16) x 10~
R |
e——-).(—-e
0
0.0 0.2 0.4 0.6 0.8 1.0
BDT classifier output V| = AABB — Xubﬂl/)
ubl —
e e E! > 1Gev 75 - AI'(B — X, 2v)
1750 | . 5-Dlv p B " mmm B-DW ]
. =0 | _ 1000 : oty - BLNP s —————
S| PE-fit S ] & Pre-fit === DGE |
o o secatake | @ ggp 53 Sec. & fake HEF 01 C006) 097 S P — , _
Aamdd =5 Coniuum g =5 Conium GGOU [Emosimooso Arithmetic avr. [Vl based on
S 1000 | oo 1 < oo i . —_—T various theo. decay rate:
@ 750 = ADFR it G —————l
S 500 c
> u £ 200l Our average —— (4.10 = 0.09stat £ 0.22sys x 0.15¢heo) X 10-3
0 s SR T s T " 0 ‘ _ _ ,

% L5 f e e Eeede P e N o | compatible with excl. and CKM expectation

010:% } % t { ¥ s Blo>= —y—t—t—i ik 1l A | { 1 l | . . .

e . L ® o5t e vy L., .. ... R within and 1.60 , respectively

O 58 o8 10 15 20 25 35 35 40 as @ o & @ an s 20 25 28 30 32 34 36 38 40 42 44
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012008

D>
First Measurement of Differential Spectra of B - X /v /O

BELLE
PRL 127, 261801 (2021)

* |nherit same analysis strategy in the partial BF measurement [pPRD 104, 012008 (2021)]
e Additional selections on |Emiss - Pmiss| < 0.1 GeV & Mx < 2.4 GeV to improve resolution and significance

 Background subtracted via Mx fit, further corrected for efficiency & acceptance effects (phase space: EZ > 1 GeV)

 Necessary input for future model-independent determinations of |Vub| (€.9. NNVub, SIMBA)

"""""""""""""""""""""" o8O0 —m—mm™mm™m™r——— T T 1 20— T T T T T
2.00 i ® Data 1 ® Data ® Data ]
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T ) |'_I:' ----- DFN ' T o0k
Q. 1.00| | o= | T ] Q A
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0.25 1 0.10 I=| +
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2.50 T T T T T T T T T T T T T ] c18  —/—""7"7r7--""—"—""7—J7——7— - T L s 1
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g R Total uncertainty ] ’5\ 0.l16 7 —e— Total uncertainty ] g i | —e— Total Uncertéinty i
=} 2.00 Stat uncertainty EB = || T { —— Statuncertainty ] 3% 5p '_I —e— Stat uncertainty
> [ —— Hybrid B->X,fv MC 4 ><3 0.14 ¢ | D . —— Hybrid B-X, v MC | X Ly e o) — Hybrid B-X,fv MC 1
T SRELEE DFN e I T 0.12 9= () { ..... DFN 1 T [ t T M """ DFN 1
M 150} BLNP 1 =t~ I m  f |—°—'=.ﬁ—i_|_.—. BLNP m 040" { - | X BLNP
CE; ._Ll='o=| o ~ 0.10 ¢ 1 | “{‘: :I: N [ o—{ |
LLI ® @i i : o 0.08 [ 1 T - E 0.30 ...
© i ) o -
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https://www.researchgate.net/publication/301817341_NNVub_a_Neural_Network_Approach_to_Bto_X_u_ell_nu
https://inspirehep.net/literature/884617
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.261801

Joint

o
Exclusive Inclusive

‘Vub‘ ‘Vub‘
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DD

First Simultaneous Determination of Incl. & Excl. |Vuy| /o

BELLE

arXiv: 2303.17309

Preliminary

* |nherit same analysis strategy in the partial BF measurement [PRD 104, 012008 (2021)]

e Extractsignal in q° : N_. for B — 7fv and B — X £v simultaneously

e Fitter corporates experimental observation of templates’ normalisations and B — 77 form factor (g2 shape)

+ + + -
Low M, nor~ 1n- 27x° High M,
0 . — —r— . :- B 2-550- T Fit results provide all &% and B — z#£v FF (decay rate)
| ! Napz=1 Npz=2 i
|
i a00 | : : : => derive exclusive and inclusive |Vuy)
1S - 2 MCunc X*/ndf=19.6/24y 2000 S
i Q - @ Data i Q |
! O B 5-n°lv i O '
. : 300 | =3 Bt ; . : :
| O Other BoXlv '

Vv Al 1
T = : v BB — X,7v) = BRI + B(B — 7*£v) + B(B — Xr£1)
i oy EEm Other bkg. I = u &

< 200 | 1000 = "
i w il u |
i - I S ABB — X, Lv) = BB = X, LV) - €rps.Es>1Gev
'@ 100f 500 ©
: :
i , |
Y S 0 : sl |ASBB - X L) pexcl. | _ BB — nlv)
I 51'25 [l I |Vub |_ A |ub |_
, S 199 [ [ - 75 - Al'Ggou 7 - IR

8 0.75 i
I H B EH E BTSSR T T T T T T T EE IS OB OB . T

Theoretical decay rate based on GGOU
0 prediction [Gambino-Giordano-Ossola-
Flve q blnS Uraltsev, JHEP 10 (2007) 058]

per N .
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https://arxiv.org/abs/2303.17309

DD

First Simultaneous Determination of Incl. & Excl. |Vuy| /o

BELLE
e Various fit scenarios applied: arXiv: 2303.17309
« Combined or separate B — 77 /v, B — /v Preliminary

 Input BCL constraint: LQCD + exp. or only LQCD [FLAG: Eur. Phys. J. C 82, 869 (2022)]

48 —mmm—mm—m—m—m—m™—m——————————T———7T 48 —mMmm—mm—m—m™—m™——m———7———T————T
[ e B-mntly "Xl Comb. n® * fit SM:% =1 ] [ e B-mtv TIX1 Comb. m® * fit sm:%a ]
46 L o Bon’tv ::c: Belle(GGOU) g HFLAV (incl. GGOU) 4.6 | o Bon’tv  ::c: Belle(GGOU) g HFLAV (incl. GGOU)
n 4.4 F . n 4.4 F i
o I o I
— I ,f—‘\\ — [ =T~ ~
42 r —a—” N\ 8 42 r pei——ri 7 S -
Y SERREEREEREERSY L0 L fennnnannnnnnnnna }{. .............................. - Y GAARLEEEEREERELEEE I ././. ........ . g rrrrErssrssaraanas
S : 4 Y (415£025) % 107 ] S : / \
— 40 } ';I ‘I [Belle, PRD 104 , 012008 (2021)] - — 40 F = II \ i
E. A ' 3 | LI S i
£ 38 \ ; - £ 38} \ / -
- \ / - . /
: \ /d : : \ ’ :
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|Vub| in combined scenario with LQCD+exp const.: Weighted average of excl. & incl.

ST Exel. (378 2023 £ 016, £ 0.144,) X 1073 (3.85 +0.26) x 1073

Incl. (390 = O°2’Ostat T O°323yst T O°O9theo) X 10_3 CKM global fit (w/o |Vuw|): (3.64 = 0.07) X 1073,
Ratio 097+0.12 (p = 0.10) compatible within 0.8
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. . D>
Ratio of Inclusive A% (B —» X /v) and ABB — X .£v) /O

BELLE

 Full Belle data set of 711 fb-1 with Hadronic tagging using Belle Il tool (Full Event Interpretation) Preliminary
e Modified B — X .£v modeling using sideband data
e B — X, /vyields extracted in g* : pZ; B — X /v yields obtained by subtracting other contributions in total B — X£v

o Measured partial phase space region of pfj > 1 GeV with fractions of €, = 86 % ,e, =79 %
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Consistent with recent Belle result rrp 104 , 012008 (2021)
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Ratio of Inclusive AB(B — X ¢v) and ABB — X .£v) /O

BELLE

 Full Belle data set of 711 fb-1 with Hadronic tagging using Belle Il tool (Full Event Interpretation) Preliminary
e Modified B — X .£v modeling using sideband data
e B — X /v yields extracted in g~ : pfj , [ — X /v yields obtained by subtracting other contributions in total B — X¢£v

o Measured partial phase space region of pfj > 1 GeV with fractions of €, = 86 % ,e, =79 %
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[PRD 107, 052008 (2023)] .
AR B — Xv)y=299=*1.2 ps~!
23


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

Summary

e Many new results are me seared recently and will

_ 9 A
be very helpful to examine the long-standing Vx| *\58 < f% 15@)
puzzle - 188
6.0 r | " T | :
- : : - : Preliminary -
* Continuous efforts from experiment and theory 5.5 | .

are still needed

JARBB - X Cv)/ABB — X.Lv)

1 B> X,fv, EE> 1GeV

Simultaneous

e Higher precision expected at Belle Il for simultaneous | BB = V) IABB = X, Lv)

excl. & incl. [Vub| and inclusive |Vub|/|Veb| ratio

e Beyond these important results, the accumulated 2.5 F -
knowledge on MC modeling, analysis technigues, etc. 50 ey | N
will be beneficial for future measurements by e.qg. 35 40 45
Belle Il or LHCb Ven|[1077]
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Summary

e Many new results are me seared recently and will

. . S A8 O
be very helpful to examine the long-standing |Vxy| Ao 5§43
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| B — X,fv, E5 > 1GeV

Simultaneous

e Higher precision expected at Belle Il for simultaneous (B10.400) /AB(B = X, /v)

excl. & incl. |Vu| and inclusive |Vub|/|Veb| ratio 0.3

0.2

e Beyond these important results, the accumulated 0.1
knowledge on MC modeling, analysis techniques, etc. 0.0
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Backup: Tagging vs. Untagging

€+

o B,/j > e Untagged
SNy~ > e |oose constraints on signal
Untagged Signal Side o
e \ery large statistics, but also very large background
et Ll e o Efficiency ¢ ~ 6(100%)
A ¢t
> D‘\\ ,/j—r" . .
> o v<-- B ~. B e Semileptonic tag
- Q | . (4S) . . e Mid- t ti ffici
= G Semileptonic Tag Signal Side IAd-range reconstruction efriciency
= ':E e Due to multiple neutrinos, less information about Btag
€ o<t
D,D* o+
K&ﬁB B/j Y e Hadronic tag
T N e Cleaner sample
adronic Ta Signal Side
* done o 1 ) e Knowledge of p(Bsig)
e e e Low tag-side efficiency € =~ 0(0.1%)

28



Backup: First Simultaneous Determination of Incl. & Excl. [Vup|

arXiv: 2303.17309

Preliminary

e Fitter corporates experimental observation of templates’ normalisations and B — 7£'v form factor

e Systematic uncertainties included via Nuisance parameters for both of additives and multiplicative impacts

e Dominant syst. are non-resonant B — X ¢'v modelling, fragmentation and reconstruction efficiency (stat. limits B — n£'v)

Constraints on BCL parameters , input taken from
LQCD / LQCD+exp fits in FLAG Review 2021
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B g [ = o can be linked with . Shape

R = - - - : described by BCL para = d-foldi 2

o N =i isospin relation, or . BB = T LU y para. orward-tolaing ¢
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Backup: First Simultaneous Determination of Incl. & Excl. [Vup|

Decay rate as a function of q2 with fitted BCL para.

- Bkg-subltracted (fit with LQCID & exp. const.) I BCL (fit with II_QCD & exp. const.)I
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Results with various input of inclusive decay rates
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Backup: Branching Fraction of B — D*#v and |[Vcy| Do

Belle IT

_ _ _ . . Preliminary
e Nested hypothesis test included with LQCD beyond-recolil constraints
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Signal shapes corrected for resolution, reco. efficiency

and acceptance effects
BGL/CLN with external constraints on branching

Combined all kinematic shapes to extract |Veb| in
fractions Hriayy and LQCD results FnaumiLe)

Fitted Shapes

Corrected Shapes
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Backup: |Veb| & Differential Shapes of B — D*#v /D>

BELLE

arXiv: 2301.07529
e Nested hypothesis test w/o & w/ LQCD beyond-recoil constraints accepted by PRD
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