Measurements of |Vco| and |Vub| from Belle (l1)
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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 1I
. | . Preliminary
® Data set of 189.3 fb-1 with untagged strategy (higher efficiency than tagged)
y
® Decay chain: B = D*+ £y, D*+ = DOrttgiow, DO = K- 11+ 0 y
O 0, X
® 2D fit on (cosBgy, AM=M(D*+)-M(D9)) for each bin of w, cos8y, cosB,, r -
* Unfold signal yields and correct efficiency & acceptance 5 / ; Lo e e
oG e = ~CM | ~CM
* Full experimental correlations derived for all measured decay rates 2lp5 [Py
_B_elle*ll P_re||m|nary [dt=189fb? :B_elle*ll Ii’reliminary [£dt=189fb1 oco. off & ace iﬂpUt of PDG2022
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Tl e Belle Il Preliminary Jede= 189m0 Branching fraction extracted by the total rate summing over
= dionen o partial decay rates and averaging all kin. variables
o | = Preliminary
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T2f "Wy g e S R emode: BB’ - D*Te 1,) = (4.94+0.03 £ 0.22)%
‘: 9l ) ';(' L D .
: e = o mode: B(B° = D*'u5,) = (4.94+0.03 +0.24)%
o 3 {4 mode H Yy
c Ry
- COSQV % ) 0 x4+ p—— \
. . g - - Average: 0 b 9L EG0) 00D
-1.00 -0.75 -050 -025 0.00 025 050 0.75 1.00 0 1 2 3 4 5 6
cos By X



D

Branching Fraction of B’ — D*#v and [Vl I

Belle II
Y - - ” Preliminary
e Fit differential shapes on w, cosB;, cosBy, y with Caprini-Lellouch-Neubert (CLN) [Nuci. Phys. B530, 153] & Boyd-
Grinstein-Lebed (BGL) parameterisations [phys. Rev. D56, 6895)]
e BGL truncation based on nested hypothesis testpnys. 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
g 1 |BO| BGL Constraints or Constraints on Preliminary
|Vcb|nEW*F(1) i \/mBmD* (Pf(0)¢f(0)> hAl (w) hAl (’UJ), Rl(’UJ), RQ(’UJ)
g la 27 L1 25.7 +0.8
] 3
‘Vcb|BGL s (40.9 e 2ERE T 0.6) % 10 3' by X 10 13.20 = 0.24 13.58 +0.23
3
b, x 10 T 2 +6
— 3 - . .
|‘/;b|CLN — (40.4 i Bad e 1 -1 0.6) X 10 ¢y X 10 . 1.1 =08 0.5 +0.8 |Vcb| shifts when
A A vV 00 105 |2 38.6 +1.1 include full LQCD
. Slow pion eff. plays Input from LQCD at 2 :
Pre“mmary leading role in syst. zero-recoil F(1) X /ndf 40/33 74/39 constraints
p-value 0.18 0.001
_Be"e Il Preliminary Jedt=189.3fb~? Belle Il Preliminary [ dt=189.3fb1 Belle Il Preliminary [cdt=189.3f"
1.0F BOs D™+, Inclusion of hy, (w) SF go_ p*+ -7 | B0 g —— .. ‘ .
; inclusion of s ), 155 - R St B R Similar tension seen in recent Belle (2023)
Ly $ Laeedat B { { 1 ot | 2 measurement [arXiv:2301.07529]
< osf ¢ §1.3;- * §11: { ®
Ee i ¢ & 10 : = Both found large disagreements wrt LQCD
Tt i 1.0}
| 11f | results on R
0.6 hAl i 0.9} 2
1.0_-
0510. i 5 .1.1. g in .1.2. i s .1i3. - ,1.4_ - ,15 1.-0- - -1'1- — -1'2- — -1-3- — -1-4- - -1.5 10. ild .1.1. PR .1.2. PP ‘1.3. T .1.4. & 5 .15



https://arxiv.org/abs/2105.14019
https://arxiv.org/pdf/2301.07529.pdf
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Branching Fraction of B’ — D*#v and [Vl I

Belle 1I
Preliminary
« Lepton-flavor-universality tested with separate results on e- & mu-mode SHIBISGIGHORT Pro 105, 006015 EPUC 61, 054
« Allin good agreement with SM expectations Re/u ULl s DU DUAE SE LD
Afp 0.244 +0.004 0.204 =+ 0.012
A’EB 0.239 =+ 0.004 0.198 +0.012
Test on branching fraction ratio: R,,, = 1.001 £ 0.009 & 0.021 (AApp x10° =57 £01 533 +024 )
Preliminary Fr 0.516 +0.003 0.541 +0.011
Fyf 0.516 4-0.003 0.542 4 0.012
(AFL x 10 1.2  +0.1 5.43 4+ 0.36 )
Test on forward-backward asymmetry: Test on D* longitudinal polarization fraction:
fol dcos0,dI'/d cos 6, — f81 d cos 0,dI" /d cos 0, 1 oD 9 5 LB
App = — = = — | F'[ cos” Oy, 4 sin” 6y,
J, dcos@,dI'/dcos@, + |, dcosf,dl’/d cos b, ['dcosby, 2 2
A.AFB:A'IP{B—A%B AFLZFf—FE
Preliminary Preliminary
Aip = 0.219 + 0.011 £ 0.020, i = (1200 5= 005 == L0

.Al}—f\B —l). 205 == 100l 1§ ==100 028
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IVeo| & Differential Shapes of B — D*¢v /D>

BELLE

arXiv: 2301.07529

e Full Belle data set of 711 fb- for BV, ¥ = e, u

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

accepted by PRD

e Background subtracted via fitting Mgﬁss 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 ¢ray and LQCD FnaumiLo)
Eur. Phys. J. C 82, 1141 (2022)

Belle B~ -D™¢p, [Ldt = 711 fb™1 w cos 6, cos 6y

5 X
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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



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
— 1o
1.0 — 20

B = (1.426 £ 0.056,,, + 0.125_,,) x 10~

—— 30

O
o

[ Vi | = (3.55 £ 0.12, £ 0.13,5 £ 0.17 ) X 1073

O
IN

o
(@)
llll]lllllll]llllllllll

dB(B° - n~L*v;)/dg? [GeV~?]
o
o

lllIlllIlllIlllIlllIlll

O
o

0 5 10 15 20 25
g’ [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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Inclusive B — X /v and [V

* 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.

D>
[O

BELLE

PRD 104 , 012008 (2021)

e Partial BF and inclusive IVl derived in various phase space regions

ABE; > 1GeV) = (1.59 £ 0.07 £ 0.16) X 107

X1'04 | | I ! I
D,D* N [ Other
. ¢ Al N B-XcAv ]
K, K N / s m— BoX,lv ] ABB — X L)
~\ B B - b 4 8 L-21 B-X,lv shape | V bl — u
3| ¢ Data i U .
11/ \ / w SN w1 MC unc. TR AF(B — Xufy)
Y (4S) | | Xu ~
Hadronic Tag Signal Side 2,51 BDT > 0.85
==
:>j _ EZ > 1GeV
e’ e Lf
—_——— i B LN P gi;ﬁg;%%?%e;;g&r . _—eeeee . .
. ! Arithmetic avr. |Vl based on
0.0 0.2 0.4 0.6 0.8 70 DGE  werorcmoon et [@FIOUS theo. decay rate
BDT classifier output GGOU St osole | . |
e | P f """"""""" =000 : B i e = oo ADFR  Kiccioi, piC 50,81 (2009 | : ,
< re-fit =25 | o fit =
> 1500 ] Gap modes 1 % P re flt ; ga:mides Our ave rage *
O 1250 - | O e
o [ s in m:um ]
S 1000 | S S 600 S (4.10 £ 0.09stat £ 0.225ys + 0.15¢heo) X 103
il ~ 9997 WMC unc. ~ W% MC unc.
wn 750 ~ .
o v 400
o 500 -
32501 L%ZOO; PP B B BT B L
: 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
Q 0 R @) 0 S s s R 3 . .
i B A el B0 L 1071 Vue | compatible with excl. and CKM
& L Pl i t : S S T B - TR
B U5 B iges cous sy suevaon, bosy ovss s sen g R . I,l [ ) expectation within and 1.60,
90 0S5 10 1.8 20 2% 3D 35 A0 AN 0 5 10 15 20 25 i
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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)]

 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)

"""""""""""""""""""""" c80 0 m—mmw—m—rmmmmmmrmm————m— 7T T 20— 1T T T T
2.00 : ® Data _ ® Data ® Data i
~ .. T ; i ~—~ 0.70 | —=— Total uncertainty —e— Total uncertainty -
% 1.75 ] 1 —— TOta| Uncertamty 1 i | —e— Stat uncertainty —e— Stat uncertainty ]
> 150t . 11l T —e— Statuncertainty | s 0.60 [~ Hybrid B, MC —— Hybrid BoX,fv MC
-0~ ._E.Hl ] i T [ e DFN == | e 1 AN DFN i
M 1.25 j_l-.ﬂ | R ) Hybrld B-X,lv MC_ m 0.50 | BLNP BLNP
T ) |'_I:' ----- DFN ' T o0k
Q. 1.00| | o= | T ] Q A
2 0 ] am BLNP -
Q 0.75 ' ® 030 F
g ihel | M
0.50 | P S o0 P I X
mo 5 + WC)) ) - —0
— '——| S ] o 1 -
0.25 -1 0.10 I=| %
- i =0 I
0.00 """""""""" } pe=ereeejemey ; 0 00 e e— ey
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0 1 3.0 3.5 4.0
P: [GeV]
20— T 7T T T T ] .18 0m—————"—"p""—""""7"7"-"-"T " "Fr"" "7 " T T T T T
. ® Data ] i e Data ] 0.60 ¢ Data .
’5 R Total uncertainty ] ’5\ 0.16 | 71 - —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 1 I m | |—°—'=.ﬁ—i_|_.—. BLNP q 040 F { | X BLNP
- =t i TowE t [y T i
LLI ® @i i : o 0.08 [ 1 T - E 0.30 ...
E 1.00 ptasss =@ 1 bg=| -E =l_- :I: 2 ~ I
yo) B —=i |—=—| m 0.06 E;: % 0.20
=@
™ = I q —e—|
S 0501 .-L L m_0.04 I—;—'u I_ S 0.10
— |~ o.02 L:i—.:%—. 1 ; z
ooo bt v v o v o 0.00 S o ] o0 p s .
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 70 5 10 15 20 25 0 2 4 6 8 10 12 14
B
EP [GeV] g2 [GeV?] M2 [GeV?]
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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

/o

BELLE
arXiv: 2303.17309

Preliminary

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

* |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 My nor~ 1z~ 27 >=37n" High M,
" B BE B BH =N = Il B = Il B = = Il B = = | I ---------- |
I — —— —— T, 3 2500 g Fit results provide all % and B — 7n£v FF (decay rate)
| Nnz=0 Np= = =2 Npz=3 . High Mx i
0 i . ) ! _ . . . .
L o 400 cnar=10524, S 000 < => derive exclusive and inclusive |Vub|
I Q : ® Data I Q
; O | mm B-nty . O :
™~ — —n*iv / '\
T T =S Z ' 1500 — 8
Vv i Al 0
i . X v
Tt e : S0 BB XL =B + BB — xtty) + BB — XTLL)
= 200 Y ! ~
| v / 1 1000 iy .
I c " S
Q ] ABB — X lv)= BB = X LV)- €APS:EB>1GeV
0 > > 1
. w1 500 W 0
i
: 0
10 I
. § 1.25 B : | Vincl.l _ AQS’(B — Xufl/) | Vexcl.l _ ‘%j(B = 71'1,”1/)
= } P ¥ b - ub o
1.00 [ u . .
1 B o : E : 7 - Al'ggou 75 - IUFR
o v .
I I B B s e ' aan  aan aae  aan aan  Ban  pan  Ban  aan  Ban  Ban  aan  Ban  aan  man  mam 1 oma mamama SN BN BN BN BN BN T
T
' N N 3 Theoretical decay rate based on GGOU
= === prediction [Gambino-Giordano-Ossola-
2y Uraltsev, JHEP 10 (2007) 058]
bins f
N = 17


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 : : \ ’ :
3.6 T RN 7 o ) 3.6 T NS g )
! S==- Preliminary - L Preliminary /T ====7
3_4_....|....|....|....|....|....|....|...._ 3_4_....|....|....|....|....|....|....|...._
3.00 325 350 375 400 425 450 475 5.00 3.00 325 350 3.75 400 425 450 4.75 5.00
Excl. |Vp| - 103 Excl. |Vyp| - 103

|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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https://arxiv.org/abs/2303.17309
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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 7 yields extracted in q2 :pg

o Measured partial phase space region of pfj > 1 GeV with fractions of €, = 86 % ,e, =79 %

AB(B X ) Preliminary e Belle Prellm/nar_y
—— = 1.95(1 £ 8.4%, £ 7.8%ys) X 107 IR BLNP
500 DGE
.::lb_‘ - T :
Based on this, one could try the following two quick and naive conversions =
1 ABB — X fv) 100] I 1 I I N
[ Vi | = ABB - X Lv) | [
:AT(B — X 1) ABB — X.£v) 1 B — mly
WA: (8.55 + 0.13)% s
,,“"\A R RS S L\’.ﬁ 7\-:5@ S e &
¢ ' > Py & A
0¥ SV G W PP SN
7 PR RN D N &N
i @> i’i SN \Q’ Q\\ N
R >
&’.

Consistent with recent Belle result rrp 104 , 012008 (2021)

20


https://link.springer.com/article/10.1007/s41781-019-0021-8
http://Partial%20Branching%20Fractions%20of%20Inclusive

. . 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

 Modified B — X v modeling using sideband data
e B — X /v yields extracted in g~ : pfj

o Measured partial phase space region of pfj > 1 GeV with fractions of €, = 86 % ,e, =79 %

Preliminary

ABB — X V) Preliminar
Y =1.95(1 £8.4%.., *+7.8% 1072 ——
AQS’(B R chy) 9 ( Ostat 0syst) X 475 }lg o IVCb|| T Ax2/=,1l.e'c€ntours I
4. 50 Exclusive [V | -~ - IR:::SISZO

~global fit

425 E — vavel -

Based on this, one could try the following two quick and naive conversions [ HELAVAverage

1 ABB — X, v)
|V, | = ARBB — X Lv)
3Al'(B —» X, V) ABB — X .Cv)

lvub|[10—3]
W w
o ~d
O n:n
\
LA
o
\
\
\
\
\
\

IlIIIIlIIIIll!!!!!!!!!!!!!!lllllllllllllll

WA: (8.55 + 0.13)% 325 -~
3.00 HFLAV.
Vi _ \/ ABB — X,fv) AT(B - X.£v) 275 F PG - 8%
| Ve | ABB — X.fv) AT (B = X,/v) 36 38 10 47 a4
Theo. decay rates: A[CCOUB 5 X /1) =58.5+2.7ps™! IVep|[1073]

[PRD 107, 052008 (2023)] .
AR B — Xv)y=299=*1.2 ps~!
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp
puzzle

{ B - Drv

Preliminary 1

35 40

|Vcb|[10_3]

45
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Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp
puzzle

| B = D*¢u
tagged

~
N
Q
T
RQ
Prellmlnary

45
|Vcb|[10_3]
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Summary

e Many new results are me seared recently and will S
be very helpful to examine the long-standing |Vxp| A
puzzle %Z

untagged

BY — D*¢u

! i
Preliminary 1

45
|Vcb|[10_3]
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Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp
puzzle

e (Continuous efforts from experiment and theory
are still needed

Belle, tagged
1 BY = D*¢p

.1 untagged

‘| B = D*¢y

[ ———————————————————————————]
B — Dfv
I:::::::::::::::::::::::::::::::::::::::::::::::::_l

Preliminary 1

|Vcb|[10_3]

45
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Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp
puzzle

e (Continuous efforts from experiment and theory
are still needed

B —» D*¢v
Belle, tagged
1 BY = D*¢p

.1 untagged

1 B - D*¢fv
tagged

[ —————————————————————————]
B — Dfv
. |

Preliminary 1

35 40

|Vcb|[10_3]

45
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Summary

e Many new results are me seared recently and will

be very helpful to examine the long-standing |Vxp IS LY:
TS s 1O
puzzle 284 13t
6.0 i [ " - . [ i
i - . - - - - Preliminary 1
e (Continuous efforts from experiment and theory 5.5 F I | BEEE | :

are still needed

25 F -
20 : | I: | .: .L:I S | y | y
35 40 45
|Vcb|[10_3]
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Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp
puzzle

B — Dfv

Belle, tagged
1 BY = D*¢p
.1 untagged

1 B - D*¢fv
tagged

‘| B = D*¢y

! i
Preliminary 1

e Continuous efforts from experiment and theory 5.5 -
are still needed : N | B :

o
O
1

~45F T | | .

o E : : - H:: ] 5

; 4.0 [ - - .- - = B—>Xulxﬂl/, Ef>1GeV
= A

= 3.5 b N RN, -

45
|Vcb|[10_3]
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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 |Vxp| A, S R84
TS s 1O
puzzle a8 o 8%t
6.0 ] [ " . . [ i
i : : .- . Preliminary 1
* Continuous efforts from experiment and theory 5.5 | S | N | -
are still needed E S | :
50 | ' B
SRR 3 | N — -
o ——--i--zdi-s-b=S=s---=====- ] P
AN N e | R 1B - Xtv, EZ>1GeV
_g - Simultaneous
~ 1 BB — ntv) IABB — X (v)
— 3.5 E:::::::::: bl 1 bbb bbbk
3.0 | -
o5 | -
Y — '
35

45
|Vcb|[10_3]
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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 |[Vxp IS LY:
TS s 1O
uzzle 28 13- £
P VS 2 qm ™S

! i
Preliminary 1

9
O
1

e (Continuous efforts from experiment and theory
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

20t ' ~ |
|Vcb|[10_3]
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Summary

e Many new results are me seared recently and will
be very helpful to examine the long-standing |Vxp

puzzle
p-value1 0

O-OOSOIIIIIIIIIIIIIII
v

llllll
'

I 1 |
(dashed)
SL,incl

@ ‘SL.ond

e (Continuous efforts from experiment and theory 0.0055 0.9

are still needed

 Higher precision expected at Belle |l for simultaneous
excl. & incl. [Vub| and inclusive |Vub|/|Veb| ratio

e Beyond these important results, the accumulated
knowledge on MC modeling, analysis techniques, etc.
will be beneficial for future measurements by e.g.

Belle Il or LHCDb
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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
puzzle 281 1818
TR mm RS p-value
T ! 1.0
e (Continuous efforts from experiment and theory '0-9
are still needed — 0.8
— 0.7
ABB — X, V) ABB — X .Cv)
— 0.6

| 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

will be beneficial for future measurements by e.qg. 0032 0034 0.036 0038 IV‘“’I 0.042 0.044 0.046 0.048

Belle Il or LHCDb
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Backup: Tagging vs. Untagging

€+

o B,/j > e Untagged
Untagg:d\m)/s; - S;"n  Loose constraints on signal
e \ery large statistics, but also very large background
et Ll e o Efficiency ¢ ~ 6(100%)
, ;
> >~ /i" - -
2 o v<-- B ~. B e Semileptonic tag
5 '% Semileptonic Tag ' Signal Side * Mid-range reconstruction efficiency
= ':E . N e Due to multiple neutrinos, less information about Btag
D,D* o+
K&NB BZ”" e Hadronic tag
T N e Cleaner sample
* Hadronic Tag Signal Side . Knowledge Of p(Bsig)
o* I e e Low tag-side efficiency € ~ 0(0.1%)
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Backup: Inclusive B — X /v and |Vuo| v

BELLE

PRD 104 , 012008 (2021)

e Extract signal using binned likelihood in 3 phase space (PS) regions:

O EBB > 1 GeV (covers 86% of available signal PS)
e E{aB >1GeV, M, < 1.7 GeV (se%) — Fit either EgB , M, q® or 2D (M, : q°)
o ES°>1GeV,M, <1.7GeV, q% > 8 GeV?(31%)

Projection of 2D fit result Nsig * €AB(Reg)

iE .
e L S P R S : 200 ——m™Mm———————————r——————1——————— _ AB(B = Xl/lf yf, Reg) pr
5000 [ == Background 5 : 3 Background | 4(€tag : esel) : NBB
[ B Signal - 175 B Signal .
1 Dot | = : { Data -
= b - 7777 MC uncertainty = 27 MC uncertainty |
Q ; = 125 | ]
~ 3000 | =
42 : 2 100 |
2 2000 | 8 s} ARBE; > 1GeV) = (1.59 £ 0.07 £ 0.16) X 10~
)
1000 Lﬁ .
25
0
. sE I ................. z.g llllllllllllllllllllllllll
— I 1 —
S 0.0 t { i > 00H] ! } —1 } i }
=25 FE . 0 k& e
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0 5 10 15 20 55
Mx [GEV] q2 [Gev2]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012008

Backup: New Method of Extracting | V7|

* Allows direct extraction of coefficients for non-perturbative shape functions in a global fit and |Vu|

« Uncertainty can be further shrinked by including other inclusive B decays, e.g B— Xsy, B— Xcfv as the shape function in
LO is universal

» Methods proposed by SIMBA, NNVub

F(k qz o(kvz) 4.5 B I I I T I I I I I I I I I |
3.0 S : P o Belle II Projection -

~ (exp. + param. uncertainties)
< d

What can we gain for incl. [Vub|?

Phys. Rev. D 94, 014031 (2016)

Direct & more model-independent extraction

2.0+

10% | V|

Normalization = Kin. shapes + Normalization

0.80
2.00 e Data o oma
S 175 inty 3 070 = Toum une
) e

z —— Towl unceta 3| 3 + = e
ABB — X,Lv) *Hﬁﬂ SET EET A S A N\
| Vip| = e af P, | 3l P P *E:;::m' 7¢L=,M"= iy .
° o2 N o bt ™ 000 R .
TB AF(B _> Xuf y ) 0% os 10 1.5P’ [z.Gnev]z.s Woas 4 e |Ge3v] 4 s 00 05 10 ‘ISM, féevfj 30 35 40 4065 40 70 4’75
%f‘: :m’m B A#Hc}# :im :’+ ----- M2 Egﬁ mll>s [GeV]
ﬂﬁ#ﬁi‘ﬁm 5 R M "
geil T | a T B $ :
Tightly collaborating with both theory groups to extract | V7 |

(work in progress )
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https://inspirehep.net/literature/884617
https://www.researchgate.net/publication/301817341_NNVub_a_Neural_Network_Approach_to_Bto_X_u_ell_nu

Backup: Simultaneous Determination of Incl. & Excl. |[Vuw| «</>

BELLE
arXiv: 2303.1/7309
Preliminary
Results with various input of inclusive decay rates
4.8 A T CEE AT | R O P EN N ML Y R NP ST VT TR B 4.8 R T | Y ) (A T NV N R PP S e B
[ 33 GGou Belle (incl. GGOU) W HFLAV (incl. GGOU) [ 23 GGou Belle (incl. GGOU) WH HFLAV (incl. GGOU)
. . . - =&l BLNP Belle (incl BLNP HFLAYV (incl. BLNP § - &=l BLNP Belle (incl BLNP HFLAV (incl. BLNP g
Decay rate as a function of q2 with fitted BCL para. 46 - e = SM,EXC..(:TM:l - 46 | - giead | L SM,TXCI..(I:VCUC.,::l ¢
i T " Incl. [Vyp| B = *Incl. |Vyp i
—& Bkg-subtracted (fit with LQCD & exp. const)  — BCL (fit with LQCD & exp. const) o 4T i l . 410 '
—A— Bkg-subtracted (fit with LQCD const.) — = BCL (fit with LQCD const.) . = : | = [
_ Input LQCD const. . 42 ] . 42 }
| 4} - = | =
> > 40F 1 S 40f ]
(D) s [ ot L
(D _ g 3.8 C o g 3.8 C 3
o 3] __'f§“=__'__ } 36 | / ] as} :
- ~ o~ i \ . . . - . . T
< '=§=|~\ : ol ‘ee__Preliminary]  a4f Preliminary
\\ J e e e S S S T S R e S S S e s e S S S S S T e S S
X 2L \\ . 3.0 3.5 4.0 4.5 5.0 3.0 3.5 4.0 4.5 5.0
Nc \E ' Excl. |Vp| - 103 Excl. |Vyp| - 103
E \ : 4.8 e R L L s S ST KL R S R | 4.8 e R ) L e e e SRl Rt e, S R |
L_ 1+ \\ _ [ ] GGOu Belle (incl. GGOU) W HFLAV (incl. GGOU) | [ 2] GGOou Belle (incl. GGOU) W HFLAV (incl. GGOU)
\ | i.4.! DGE Belle (incl DGE) W HFLAV (incl. DGE) . - 1.4. DGE Belle (incl DGE) HH  HFLAV (incl. DGE)
-O : : \ 4.6 [ Excl. |V & 4.6 B Excl. [Vl 3
Prellmlnary \\ Z SM: ey = 1 Z i SM: ey = 1 _
L \ 4.4 | _ . 44 F "
O....|....|....|....|....|.\ e L 5 ] ]
i i [
0 5 10 15 20 25 . 42 P a0 ]
Q [ Q [
q2 [GeVz] s 40| ] S a0f i
238} [ 238 :
36 | - 36 [ :
34| Preliminary]  saf Preliminary
3.0 3.5 4.0 4.5 5.0 3.0 3.5 4.0 4.5 5.0
Excl. |Vyp| - 103 Excl. |Vp| - 103
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https://arxiv.org/abs/2303.17309

Backup: Branching Fraction of B — D*#v and |Vl

- - Belle Il —189.3fb-1

® Select events with energetic lepton pc™ > 1.2 GeV, and 25.0 _eo Ee*; o it e f ’;"“ i

AM=M(D*+)-M(D°) = [0.141,0.156] GeV, cosBgy = [-4,2] f e ';’D je e T.-?,G;D- backgrdund

€00 L . == Fakeé D" background

¢ 2D binned linkelihood fit on (cosBsy, AM=M(D*+)-M(D9)) for each R e e it il Bate i

bin of kinematic variables: w, cosBy, cosB,, » 5 15.0 // W MC unc.
e Systematic shape variations incorporated as bin-wise Nuisance € 10.0 i

para. for each fit template > el 0 e

Belle | Belle Il [cot=189.3f )
e"e “ / y !L' dt=189.3fb’ Belle ” J; dt=189.3fb!
| ] .
lle Nl V [cdt=189.3f" Belle Il [cdt=189.3f0"
1 E
Belle Il [cdt=189.3fb! Belle Il [cdt=189.3fb)
; I I T i I I R
200- Slgnall. I EO_.D|+e-§e 350k I I BO_LD ‘e V.
“F mmm True Q" background, I _ I : !
17.5 F @ Fake D" background I 30.0 : :
c . § Data ! [ | c ! :
@ 5OF s mcunk. ' | @ 25.0 ! ,
@ 125 . : % @ ' !
{ St ! l | 2 20.0 |
£ 100}l ! | = | |
g 199 | 5 ' | : -
150
s s COSO_ w =" AM = M(D**) - M(D°)
3 . BY S | ]
: 10.0 I ,
SO0F | | I L156
’ | ' !
25F 5.0 N | :.]‘)h
0.0 llllllllllllll I AAAAAAAAA I U S o'o llllllllllllll l lllllllllllll
—4 -3 -2 -1 0 1 2 0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156
cos esy AM [GeV/c2]

Integral projection
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Backup: Branching Fraction of B — D*#v and |[Vcy| Do

Belle II
_ _ _ . . Preliminary
e Nested hypothesis test included with LQCD beyond-recoil constraints
BGL12o Belle Il Preliminary [cdt=189fb-1
Preliminary 1.1 ] B=D'*i- W, Inclusion of hy, (w)
1ok Inclusion of ha, (w),
[ R dR
Values Correlations 0ok & FIJA(\VZI)I:ICC 2w
V,| x10° 402+12 1 —0.32 —0.58 —0.11 0.03 —0.24 < 2
a, x 10°  226+12 -032 1 031 01 -018 0.31 <% ¢ "
by x 10° 132402 —0.58 031 1 017 0.14 —0.12 < o7}
by x 10°  7.1+414.1-0.11 0.1 —0.17 1 —0.89 0.57 06} h
b 04404 0.03 -0.18 0.14 —0.89 1 -0.41 sl A
e, x10°  —0.74+0.8 —0.24 0.31 —0.12 057 —0.41 1 S
1.0 1.1 1.2 1.3 1.4 1.5
w
BGL Belle Il Preliminary [cdt=189fb~" Belle Il Preliminary [cdt=189b?
313 Preliminary P - B'-D™ TV, - F B'»>D™ "7V,
1.4F 1
Values Correlations i * * R2
IV, x10° 398+11 1 -0.16 002 —0.1 —0.61 —0.16 0.11 12¢ Let
ap x 10°  283+10 -0.16 1 —0.09 -0.2 0.17 0.11 —0.03 2 1.0F 2 . 1:, b
a; x 10 —459+65.7 0.02 -0.09 1 —0.85 —0.04 —0.09 0.14 o osl o r
as ~48+24 -0.1 -02 -0.85 1 0.12 0.13 —0.17 T 1.0F
by x 10°  13.3+0.2 —0.61 0.17 —0.04 0.12 1 0.11 —0.13 0.6 Rl [
e x10°  —32+14 —0.16 011 -0.09 0.13 011 1 —0.91 aal 0-9¢
c; x10°  59.1+29.9 0.11 —0.03 0.14 —0.17 —0.13 —0.91 1 S S .
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5
w w
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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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BGLs3; LQCD
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https://arxiv.org/pdf/2301.07529.pdf
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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

Lo o BGLqy; Fit with zero-recoil
Fitted Shapes CLN Fit with zero-recoil
0.9
P " BGLs3; Fit with beyond zero-recoil
0.8 -
® LQCD 2105.14019
w CoS 6, Cos By X
2.00 < 0.7 1
" BGLss, (LQCD =3
BGL”Z (LQeb) BGLiy; Fit BGLs3; Fit BGLs3, LQCD g ]
i — / ndf = 45.3 /33 /ndf =51.2/36 / ndf = 46.5 / 36
1757 wem BoL, ) 0.07 ) 0.05 ) 0.11
. - = (). = (. = (. 0.5 -
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1.50 . 0.4 - Al
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