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— BaBar, Belle and Belle |l

— Detectors located at the interaction
points of electron-positron colliders

— Center-of-mass energy corresponding
to Y(4S) resonance

r&ﬂ \"Eeye"\? j
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mm) c'c > Y(4S) - BB
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Belle Il
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UN.VERS.TATﬁ RECONSTRUCTION: TAGGING

ete”™ > Y(4S) - B Biap

Btag
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Tagged:

ete” > Y(4S) - Btag

— Bsijgand By,g reconstructed

- Reconstruct By, in

hadronic or semileptonic
modes

— Using multivariate methods
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Tagged: Untagged (inclusive tag):
+ —_
eTe” = Y(45) - Btag — Bsijgand By,g reconstructed - Only B,
reconstructed

- Reconstruct By, in

hadronic or semileptonic
modes

— Using multivariate methods
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ete” - Y(4S) -

Btag

Tagged: Untagged (inclusive tag):
— Bgijg and Byyg reconstructed - Only Bgjg
reconstructed

- Reconstruct By, in

hadronic or semileptonic
modes

— Using multivariate methods
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ete” - Y(4S) -

Btag

Btag

B - Dlv B - Dlv
B — Dlv B — XClV B - Dlv
B-Xlv B D B = Xlv

B — Dlv B - D*ly B —)XClV
‘jjl B—-Dlv B-D'ly B - X.lv
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. Exclusive: Inclusive:
e"e” - Y(4S) -
- B, reconstructed as - B, reconstructed as
specific final state sum of modes
e :
B - D*lv B - D*lv
D , B - Dlv
B->Dlv g, py B - Dly —
B—D
B - Dlv B — Xclv - lV
B-Xlv B Dl B> Xl

B - D*lv

B — Dlv B - D*lv B —)XClV
L B—-Dlv B-D'ly B - X.lv
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. Exclusive: Inclusive:
e"e” - Y(4S) -
- B, reconstructed as - B, reconstructed as
specific final state sum of modes
e | .
B - D*lv B - D*lv
, B - Dlv
B-D'ly B - Dlv B = Dlv e
B—D
B - Dlv B — XClV - lV
B-Xlv B D B - Xlv

B - D*lv

B — Dlv B - D*lv B —)XClV
é B—-Dlv B-D'ly B - X.lv
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. Exclusive: Inclusive:
e"e” - Y(4S) -
- B, reconstructed as - B, reconstructed as
specific final state sum of modes
e :
B - D*lv B - D*lv ﬁ
B - D*lv ”,’ \\\\ LT
[ S -,
\ S=
\ B - X.lv
B - X.lv | B - X.lv

,7 B - D*lv

z| ; ’,” B - D lv B - X.lv
B—-Dlv B-D'ly B - X.lv
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L Exclusive: Inclusive:
e"e” - Y(4S) -
- By, reconstructed as - B, reconstructed as
specific final state sum of modes
e .
B - D*lv B - D*lv
) , B - Dlv
B->D'lv p_,pp B - Dly —
B - DI
B-Dlv pxy Y
B - X.lv B - Dlv B - X.lv

B - D*lv

B — Dlv B - D*lv B —>XClV
L B—-Dlv B-D'ly B - X.lv
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L Exclusive: Inclusive:
e"e” - Y(4S) -
- By, reconstructed as - B, reconstructed as
specific final state sum of modes
e | .
B - D*lv B - D*lv
, B - Dlv
B->D'lv p_,pp B - Dly —
B - DI
B-Dlv pxy Y
B - X.lv B - Dlv B - X.lv

B - D*lv

B — Dlv B - D*ly B —>XClV
L B—-Dlv B-D'ly B - X.lv
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ete” -5 Y(4S) -

Exclusive:

- By, reconstructed as
specific final state

Inclusive:

- B

sig

reconstructed as

sum of modes

B - D*lv B — D*lv
, B — Dlv
B->Dlv p_ pn B — Dlv —
B — Dl
B —> Dlv B N Xcl,v = 14 /l

B - X lv B - Dlv

-—

_—‘
—
=
-



UN.VERS.TAT% RECONSTRUCTION: EXCLUSIVE/INCLUSIVE

L Exclusive: Inclusive:
e"e” - Y(4S) - Biag
- B, reconstructed as - B, reconstructed as
specific final state sum of modes
B - D*lv B — D*lv
. B - Dlv
B - Dlv B — Dlv B - Dlv e
B-D
B — Dlv B — XClV - lvB Y l
B - X .lv = AtV
c B — Dlv B - D*lv ¢

B - Dlv B - D*lvy B —)Xclv
L B—-Dlv B - D'ly B - X.lv

Approaches are theoretically and experimentally independent

Btag
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Untagged B — D*lv at Belle

Tagged B — D*lv at Belle

Other |V, | at Belle Il
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Vud Vus Vub

Vcd Vcs Vcb

Via Vis Vb
CKM Matrix

Form-factor
measurements

SM precision
measurements

I s 0 s D s

Untagged B — D*lv at Belle

Tagged B — D*lv at Belle

Other |V, | at Belle Il

Untagged B — mlv at Belle Il

Other |V, | at Belle

Tagged simultaneous exclusive and
inclusive measurement of |V, | at Belle

|Vcb|

|Vub|
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— Test SM by over-constraining unitarity triangle using CKM matrix elements

— Important inputs to SM rates of ultra rare decays

— Tension between exclusive and

|[Vub| Measurements over Time

|V« | measurements at level of 2-30

CKMFitter Unitarity

1 “ Eps 2019

|Viub| Inclusive
PDG CKM Review

¢
\

|Vub| Exclusive B-T1V
PDG CKM Review 4 Phys.Rev.D 92 (2015) 5, 051102
B-pv No = puv

Phys.Rev.D 101 (2020) 3, 032007 L Nature Phys. 11 (2015) 743-747

% Y A BT A A

|Veb| Measurements over Time

CKMFitter Unitarity B2 D™~ pu*v, CLN
EPS 2019 Phys.Rev.D 101 (2020) 7, 0720047
|Vep| Inclusive Bg_’D(,)_pJ,vu BGL

PDG CKM Review

|Vep| Exclusive
PDG CKM Review

Phys.Rev.D 101 (2020) 7, 0720047

%,

Markus Prim




L

UNIVERSITAT

- Semileptonic: leptonic and hadronic currents factorize

. . . . Hadronic recoil: :
— Describe kinematics using , _ pewx or |omentum transfer squared:
e —— q° = (p — Px)

and the angles 9,, 0., x

arXiv:2301.07529



https://arxiv.org/abs/2301.07529
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- Semileptonic: leptonic and hadronic currents factorize

Hadronic recoil: Momentum transfer squared:
e PB'Px or

— q* = (ps —px)

— Describe kinematics using

and the angles 6, 6, x

Form factors parametrize

— Exclusive: / non-perturbative physics

dB
do-/wd cos 0,d cos 0,dy

X |Vyp|? X |[FF(q“/w, cos 0;,cos 0, x)|?

arXiv:2301.07529



https://arxiv.org/abs/2301.07529
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- Semileptonic: leptonic and hadronic currents factorize

Hadronic recoil: Momentum transfer squared:

— Describe kinematics using

_ bp
W= OF @ =(pg—px)?
and the angles ¢, 0.,,
] Form factors parametrize
— Exclusive: / non-perturbative physics

dB
do“/wd cos ¢,d cos 0,d

o [V | X [FF(q”"/w, cos 6, cos 0, DI*

— Inclusive: Operator product

/ expansion

1

B o [Vygpl* X |T'(b - qlVl)+m—+CZS + ]
b

arXiv:2301.07529



https://arxiv.org/abs/2301.07529

To be submitted to PRD

umvep«smﬁ% UNTAGGED B — D™lv AT BELLE II

. _— o Belle Il Prelimi =189.3fb~!
— Untagged reconstruction of B® —» D**{ 7y, ssopame Crelminary Jed-1s3
| B>D"*e" ¥, . . [ Signal
I : : : x - @ True D" background
— 200¢ : : : : ] Fake D backgroun
— D*+ N D07T+ and DO > K 7T+ < - W - ? ;a':éD b: kQ: d
— Extract signal yields independently in 8(10) bins g '
of cosf;, cosf,, y and w 2,

— Perform 2D fits of cosBgy (Y = D*[) and AM

1.4 1.5

w
2 2
ZEBEY - mB - mY * 0 " dt=189.3fb! Belle Il [cdt=189.3fb1
COSGBY = AM - M(D ) - M(D ) ¢ [cdt=1893f1 Belle Il [cdt=189.3fb1
Y 1 F
zpB pY lle Il W [cdt=189.3m01 Belle Il [cde=189.31b2
1 F
Belle Il Preliminary [rdt=189.3fb1 Belle 1l Preliminary [cdt=189.3fb
T T T T T
] SignalI | B°-sDi* e~ T, 3s0b | | §°JoD'*e‘F,
20.0F " g |
[ True Q" background; 1 1 1
17.5F [z Fake D' background 7 30.0F | :
c i Data! ! ! c 1 :
@ 150F . MC unk. ! 1 @ 25.0f ! |
~ 1 1 5 1
¥ 125} !
g : : 8 200} [ :
15.0F
S 75} CO$6 S AM (DO) o 156
- i BY ~ 100f i
3 1 | 1156
I 5.0F |
156

o
o

"7 0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156
cos Bgy AM [GeV/c?]



'. To be submitted to PRD
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. 0 x4 7—— - Belle Il Preliminary [rcdt=189.3fb1
- Untagged reconstruction of BY —» D™ [ v, 50— ——————
| B°»>D**e"V, . . B Signal
b S : - @ Trué D* background
* — 20.0p : : : | Faké D* bac roun
- D** 5 D%t andD? - Kt < | W él?g;al;Dbékggd
. . . . . PREUISN7 7 Skin ol IR
— Extract signal yields independently in 8(10) bins 2 ‘
of cos;, cosO,, y and w 2
5.0

— Perform 2D fits of cosBgy (Y = D*[) and AM i

S S BNl e el T T
i 7 1ol 2 1.3 1.4 1.5
w
Belle | 2dt=189.3fb ! Belle 1l Jedt=189.3fb?

ZEBEY - mé - m%

cosOgy = AM = M(D*) — M(D?) clie 11 | Er— Belle I T
2ppDPy len V¥ = N PR
— Unfolded yields obtained using singular value B:": Imw 2 B ?re"mi"airv ey
decomposition arXiv:hep-ph/9509307 51225:351”9(’5 ﬁi é:: i ;
— Converted to partial branching fractions AT} 5;3% 2. AM (D**;)-M(Ei") Bk
using reconstruction efficiencies a—— ! ——

0.0_4 -3 -2 -1 0 1 2 *770.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156
cos Bgy AM [GeV/c?]



https://arxiv.org/abs/hep-ph/9509307

To be submitted to PRD
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Belle Il Preliminary Jcdt=189.3b"1 Belle Il Preliminary [ dt=189.3b2
Determine Vo | by minimising 72 7"
- rmin minimisin . = 3 14}
ete € Vbl BY SIng X <ol —_— g bty
O i i o) r
34 re 7 4o} $ ¢ S 10} —4—
ATPPS  ATPT® ATPPS  ATP 5 —— 2
2 = S — ot I A % 30} —— 2 s}
X robs rpre tJ \ Tobs rpre T I S S—
£ 220 Fited BGL g .
= : = TF
(FObS _Fpre)z o W W EI)Etpeedri?nLe'\:\tal data © 2 COSHZ
+ 0.1_2‘ 9[.0 1:1 1;2 1?3 lj4 1.5 —01.00 —OI.75 —0l.50 —OI.25 0.(I)0 0.I25 0.:‘30 0.I75 1.00
w cos 6,
. Belle Il Preliminary [rat=189.3b™" Belle Il Preliminary [cdt=189.3fb7
. Experimental observation BO-D"+1- 7 Y A
S 18 <
. Experimental covariance & 15E ; e, P =p=
: — 7 ¢ - —— ——
. Theoretical prediction S 12f e —— 'g3+ §——t— 4
X
X — —— X
. . S ° —— —— _
— Form-factor parameterizations: s e 5’
o |
Caprini-Lellouch-Neubert (CLN) ~ Boyd-Grinstein-Lebed (BGL) 5 3t COSHv s X
parameterization parameterization 2100 =075 —050 —025 000 025 050 075 100  °0 1 2 3 2 5 6

Phys. Rev. D 56 (1997) 6895

Nucl. Phys. B 530 (1998) 153

cos By

10


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/journal/nuclear-physics-b
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Belle Il Preliminary

To be submitted to PRD

[rdt=189.3b1 Belle Il Preliminary Jrdt=189.3fb

setermine [Ver | by minimising 72 """
- etermine MINIMISIN . - 3 14f
cb Yy gX = ol — ; e 1: — g4
34 obs pre ATObs  ATPTE i aor ¢ ¢ +' S 10f —— :
2 _ AFL _ Arl C—l ] _ ] r>_<‘ 30 ! , é 8r
X = robs rpre Lj robs rpre T E S e —
— T 20F
L] s Fitted BGL § af
(FObS_Fpre)z o W W EI)Etpeedri?nLe'\:\tal data © 2t COSHZ
+ 0_1_2‘ 9[.0 1:1 1;2 1?3 lj4 1.5 —01.00 —OI.75 —0l.50 —OI.25 0.60 0.I25 0.:50 0.I75 1.00
w cos 6,
_ . . Belle Il Preliminary [rat=189.3b™" Belle Il Preliminary [cdt=189.3fb7
. Experimental observation BO-D"+1- 7 Y A
S 18 _
. . > S
. Experimental covariance 3 15L}_ 1 8 s P
. Theoretical prediction TS 12} —— L T : N
CO e = 2 g ~4
. . S ° P _
— Form-factor paramEterlzatlonS. 8 ol §2
Ke) —
Caprini-Lellouch-Neubert (CLN) Boyd-Grins-teirll-Lebed (BGL) = s} COSHv s X
parameterization parameterization 050 =075 —0.50 —025 0.00 025 050 075 1oo o 1 2 3 ) 5 6
Phys. Rev. D 56 (1997) 6895 Nucl. Phys. B 530 (1998) 153 cos By X

IVeblBoL = (40.9 + 03545 T 1-Osyst + 0-6theo)><10_3
[Veblcn = (40.4 £ 0.35¢5¢ & 1.0gyst = 0-6theo)><10_3

Phys. Rev. D 89 (2014) 114504
— LQCD at zero recoil (w = 1) used for normalization

— Shifts exclusive average closer to inclusive average

10


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/journal/nuclear-physics-b
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
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Belle B°-D"*fp,

Use Full Event Interpretation to reconstruct By,

Reconstruct B — D*1¥; with D** —» D%*1*/%nd D** - DOr°

2

Missing mass squared: Miss = (Pe+e~—PBrag — P* — p)? =~ 0 for signal

JLdt = 711!

Entries / (0.12 GeV?/c%)

[y

o
-
|

100 -

102—§

W DIV (correct Mgoy)  mmE D** (- DMy, B BB Bkg
EEm D[V, (Wwrong fyo,) ~ EEE D**(-D®n*)5, EEE Continuum
== DLy, =1 Hadronic Bkg ¢ Data

MC normalized to data

@) E

1.25

% 1.00 E 1 { * 'y ° o+ b 4 4 ) ‘ 1 { | {

o . E | * LA T T ) S | ¢ T { | T

8 0.75 3 ¢ by
LA N S e B e s s B B B B
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

M2, [GeV?/c4]

Comput Softw Big Sci 3, 6 (2019)

Accepted by PRD, arXiv:2301.07529

—)  Reconstruct D in 16 modes

11


https://arxiv.org/abs/2301.07529
https://link.springer.com/article/10.1007/s41781-019-0021-8

'. Accepted by PRD, arXiv:2301.07529
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— Use Full Event Interpretation to reconstruct Btag Comput Softw Big Sci 3, 6 (2019)

~ Reconstruct B — D*Iv; with D** - D%*7+/%nd D*0 - DO7® ————> Reconstruct D in 16 modes

- Missing mass squared: Mrzniss = Dete~ ~ PBry — Pr — Pe ™ O for signal

. . . . N 2
Extract yields independently in 10 bins of cos8;, cos@,,, y and w by fitting M,
) B0, + o - -1 Bin 3
105 o—Belle B%-D™* 1y, JLdt = 711 b~} Belle 5D "ev [dt =710 Belle  B°-D'"eb [Ldt = 711107
E ‘5 s )01 - _ B D19 (correct Mgoy)  EEE D (-DUn0MV, @ BB Bkg 70 42, /ndf=0.18/3 . w Syst. Unc.
E e D,l\il (correct myow) I D”(—»D‘t’n°)lvl_ I BB Bkg | B D15, (Wrong Msow) mm D' (-D"p*)y, MM Continuum _:| el o Bln 2 o
B D[V, (Wrong Mso,) ~ EEE D7 (-D®n*)r5, EEE Continuum 800 W
104 == Dt =1 Hadronic Bkg ¢ Data - == DL, (== Hadronic Bkg t Data Belle  B°-D'*eb. JLdt = 711870
= - 70 2 /ndf=0.18/3 . WA Syst. Unc.
Ng - Mc norm_alized to data _ N R B | MC normalized to data p-:lalue=0-9805 Bin1l ¢ Dota
> ; © 600 Bin IBin|Biny ., 60 2 e
Q ; | | |
o .
N S 1 I 2 ! 3 0] Mpiss
o‘ (%] ] [0
~ 2 400 I I g0 1.00< w <1.05
o € ] : : i 30
= w
s - |
w 200 - 20 L
10 —
0- 0
_ L 1.254 | -
O — = =
g 1.25 ; X T 1.004 | o
% 1.00 t $ $ + + + + ; 8 0.75 3
Tt 8 0.75 3 1o 05 o0 os 10 15 59
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 L I L I I L BRLL L I B Lo 03 O'OMz_ [%ZVZ,C4]1'0 e 20 ‘
M2, [GeVZ/c*] 1.0 1.1 1.2 1.3 1.4 1.5 1.6 mes 11


https://arxiv.org/abs/2301.07529
https://link.springer.com/article/10.1007/s41781-019-0021-8

'. Accepted by PRD, arXiv:2301.07529
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5 00 w cos 6, cos 6y X
— Similar procedure to untagged analysis: I - 6L LaCO
1.75 - BGLys X%/ ndf =45.3/33 X%/ ndf = 46.8 /33 X%/ ndf = 46.5/36
e B-DIb p =0.07 p = 0.06 p=0.11

— Unfold yields using matrix inversion

1.50 A
— Calculate partial branching fractions T N +. f\.\ i )
%

x 09. ‘

% ;/? ° '\
~ Determine |V,,| by ¥? minimisation € 1.00- ;/ i Y / * éﬂé
g o, \.\L/l l,‘? \?J \

— Provide full experimental covariance matrix

o o
w ~
o w
1 1

0.25 A

0.00

[-0.80, -
[-0.60
4
-1.00, -
[-0.80, -0

[-1.

12


https://arxiv.org/abs/2301.07529

'. Accepted by PRD, arXiv:2301.07529
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w cos 6, cos By X

— Similar procedure to untagged analysis: | a6z (L9CD)

CLN BGLi2; Fit CLN Fit BGL33; LQCD
1.75 BGL X%/ ndf =45.3/33 X%/ ndf = 46.8 /33 X%/ ndf = 46.5/36
. 121

. . . . . D", p =0.07 p = 0.06 p=0.11
— Unfold yields using matrix inversion |

— Calculate partial branching fractions

~ Determine |V, | by ¥ minimisation

(M) 1/rdr/dx

— Provide full experimental covariance matrix

[Vep gL = (40.6 + 0.9¢5¢) %1073
[VeploLn = (40.1 + 0.9¢5) %1072

— Also shifts exclusive closer to inclusive average

- In addition, include lattice QCD results beyond non-zero recoil eur. phys. ). c82 (2022) 1141

— Including full lattice information results in poor fits and lower |V, | values

12


https://arxiv.org/abs/2301.07529
https://link.springer.com/article/10.1140/epjc/s10052-022-10984-9
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— Also measure forward-backward asymmetry App:

Lo
App = —
FB U(i J_J d cos 6, dcos 6,

v
+ -

drl’

— Test lepton universality by evaluating

Apg = Afg — Apg  and Rey =

B(B = D"ev)

B(B - D*uv)

AApg = 0.022 + 0.02645; + 0.007 g5
Roy = 0.990 + 0.0215¢ + 0.0235y5¢

— Agrees with the SM expectation

Accepted by PRD, arXiv:2301.07529

Belle B%-sD"*evb,

[Ldt = 711 b?

+ |
MC normalized to data

}

§1.003 ¢

¢

] ¢ ) I

¢

¢

rfrrrrrrrrprrrrg
—-1.00 -0.75 -0.50 -0.

5 0.

Ccos0O,

IIIIIIIIIIIIIIIIIIII
00 0.25 0.50 0.75 1.00

12
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UNTAGGED B — Dlv arxiv:2210.13143

— Large backgrounds from B— D*[v

— Binned fit to cosBgy in ten w bins

Events /(0.2)

8000

7000

6000

5000

4000

3000 [
2000

1000 ¢

Belle Il Preliminary [rdt=189.2fb!

[ W Signal
mm D'tv

[ BN True D
B False D
B Continuum
777 MC all. unc.
b ¢ Data

- cosOgy

BY-D-uty,
Post-Fit

cosBgy

13


https://arxiv.org/abs/2210.13143

L

UNIVERSITAT

UNTAGGED B — Dlv arxiv:2210.13143

— Large backgrounds from B— D*[v

— Binned fit to cosBgy in ten w bins

TAGGED BY - D*tIv  axiv2301.04716

~ Fit to M2, in ten w bins

Candidates/(0.10 GeV?)

Belle Il Prel

iminary [cdt=1892fb!

8000 [== Si?nal BO—'D_[.J+V“
mm D'y Post-Fit
7000 [ BN True D
Il False D
6000 [ BEm Continuum
; w7/ MC all. unc.
S soo0f * P
P cosO
v 4000 F
2 BY
2 3000
48]
2000
1000
0
L5
2[5
= * 0 .~ et oo oo oto®at
-5 L
4 -3 -2 -1 0 1 2
cosOpy
Belle Il Preliminary
180 F
r -1
160 :J. Ldt=189.3 fb * Data
g . Signal
F B> D u'v, and cc. DOsig
140 | lBc
---selection
; M miss
: o .o0-o | o ey e | ae o
-1 05 0

0.5 1 15 2 25 3
2 2
m? . (GeV?)

13
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UNTAGGED B — Dlv arxiv:2210.13143

— Large backgrounds from B— D*lv

— Binned fit to cosBgy in ten w bins

Combined fit to BGL expansion and form-

factor LQCD constraints Phys. Rev. D 92, 034506
Phys. Rev. D 92, 054510

TAGGED B? - D** v  axiv2301.04716

~ Fit to M2, in ten w bins

— Fit CLN-parametrized form factor to
differential decay rates

Candidates/(0.10 GeV?)

Belle Il Preliminary

[rcdt=1892fb1

8000 [== Si?nal BD_'D_IJ+VH
e Post-Fit
7000 -- False D
— 6000 _'- Continuum
~ w7/ MC all. unc.
S sooof ¥ >
v 4000 F
g w0t COSORy
2 3000
48]
2000
1000
0
L5
HkS
2IM +E 0 : . e e 8o _o0as®a?
) -3 -2 -1 0 1 2
cosBgy
Belle Il Preliminary
180 F
160 :I Ldt=189.3 fb” &I:ata
- - ianal
' B° - D u*v, and cc. 'gna
140 | TEHR BBG
120 a2 ---selection
100 |
80 | i
60 |- i
r ; 2
40 | : -
r : MmISS
20 |
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UNTAGGED B — Dlv arxiv:2210.13143

— Large backgrounds from B— D*lv

— Binned fit to cosBgy in ten w bins

— Combined fit to BGL expansion and form-
factor LQCD constraints  Phys. Rev. D 92, 034506

Phys. Rev. D 92, 054510

TAGGED B? - D** v  axiv2301.04716

~ Fit to M2, in ten w bins

— Fit CLN-parametrized form factor to
differential decay rates

|Vep| = (38.3 £ 1.2¢0¢) %1073

[Vep| = (37.9 + 2.7,0¢)X1073
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Suffers from large B— X.lv and
continuum backgrounds

— Suppressed using BDTs

Binned fit to AE and My, in six
q° bins
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Phys. Rev. D 82, 099902

— Combined fit to Bourrely-Caprini-Lellouch (BCL) expansion and
form-factor LQCD constraints Phys. Rev. D 92, 014024

[Vub| = (3.55 % 0.12¢a¢ + 0.135y5¢ £ 0.17 1) X1073

- In agreement with exclusive world-average
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TAGGED B — mev arxiv:2206.08102

~ Fitto M2 in three q2 bins

— Combined fit to BCL expansion and form-factor
LQCD constraints

|Vup| = (3.88 + 0.45,,,)x1073

- In agreement with exclusive average

TAGGED B - plv  axiv:2211.15270

~ Fit to M2, and di-pion mass: M (rr)

- Negative nonresonant B — nrrlv yield
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TAGGED B — mev arxiv:2206.08102 2
~ Fitto M2 in three q2 bins §
— Combined fit to BCL expansion and form-factor
LQCD constraints s
[Vyp| = (3.88 + 0.45,,,)x1073

- In agreement with exclusive average

TAGGED B - plv  axiv:2211.15270

~ Fit to M2, and di-pion mass: M (rr)

- Negative nonresonant B — nrrlv yield
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- Agrees with world-average
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~ Tagged inclusive reconstruction of B = X, lv Np+ =0 B-on'ly

- Np+ =1 B>ntly
- New idea: bin events by number of charged pions: i N_+=2 other
N_+ >3 B - X,lv
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— Tagged inclusive reconstruction of B = X, lv N+ = B - vy
= B - ntly

/ NTL'+
- New idea: bin events by number of charged pions: _

— Signal region selected in hadronic mass: My
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— Tagged inclusive reconstruction of B = X, lv Npt =0 B-nlv
/ N, +=1 B - mtly
- New idea: bin events by number of charged pions:

— Signal region selected in hadronic mass: My
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N+ = B - n°ly

?Nﬂ: B—-m

— New idea: bin events by number of charged pions: < Y

— Tagged inclusive reconstruction of B = X, lv

tly

— Signal region selected in hadronic mass: My ot =3
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Exclusive |V|:

— Float BCL B — mlv FF parameters in
fit with two constraining options:

— FLAG lattice QCD Eur. phys. J. C 82 (2022) 869

— FLAG + experimental information

5 ————————————————
3 =©~ Bkg-subtracted (fit with LQCD & exp. const.) BCL (fit with LQCD & exp. const.)

I =7/ Bkg-subtracted (fit with LQCD const.) == BCL (fit with LQCD const.)

I Input LQCD const.

I
—_—

drr/dg? x 1018 Gev~1

—
,/

Submitted to PRL, arXiv:2303.17309
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_ Inclusive |V, |:
Exclusive |V |: [Vu|

— Use theoretical prediction of inclusive partial

~ Float BCL B — mlv FF parameters in rate from GGOU Jep 10 (2007) 58

fit with two constraining options:

— FLAG lattice QCD Eur. phys. J. C 82 (2022) 869

— FLAG + experimental information

5

""""""""""""""""
3 =©~ Bkg-subtracted (fit with LQCD & exp. const.) BCL (fit with LQCD & exp. const.)
I =7/ Bkg-subtracted (fit with LQCD const.) == BCL (fit with LQCD const.)

Input LQCD const.

I
—_—

drr/dg? x 1018 Gev~1

—
s
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Exclusive |V|:

— Float BCL B — mlv FF parameters in

fit with two constraining options:

— FLAG lattice QCD Eur. phys. J. C 82 (2022) 869

Submitted to PRL, arXiv:2303.17309

Inclusive |V, |:

— Use theoretical prediction of inclusive partial
rate from GGOU juep 10 (2007) 58

[VEE| = (3.78 + 0.235¢a¢ + 0.166ys¢ £ 0.14p0) %1073

— FLAG + experimental information

5
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3 =©~ Bkg-subtracted (fit with LQCD & exp. const.) BCL (fit with LQCD & exp. const.)
I =7/ Bkg-subtracted (fit with LQCD const.) == BCL (fit with LQCD const.)

Input LQCD const.

N
——

drr/dg? x 1018 Gev~1

—l
7’

ViR | = (3.90 £ 0.204¢a¢ + 0.32gy5¢ & 0.094160) %1073
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_ Inclusive |V, |:
Exclusive |V |: [Vu|

— Use theoretical prediction of inclusive partial

— Float BCL B — mlv FF parameters in rate from GGOU juer 10 2007 56

fit with two constraining options:

1| _
— FLAG lattice QCD Eur. Phys. J. C 82 (2022) 869 |V§l§c | = (3.78 + 0.23ar & 0.164y5t £ 0.14¢pe0 )X 1073
ViR | = (3.90 £ 0.204¢a¢ + 0.32gy5¢ & 0.094160) %1073

— FLAG + experimental information
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Angular observables

Lepton universality
(LU) tests
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— Inclusive test of LFU in tagged semileptonic B decays
R(X _ B(B - Xev)
(Xe/u) = B(B - Xuv)

— Fit lepton momentum in B frame (pf > 1.3 GeV)

L

— Constrain continuuum + background from
sideband

15000

12500 f

Accepted by PRL, arXiv:2301.08266

LFU TEST IN B — Xlv AT BELLE Il

Belle 11
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[ 1 e: Background
- Il e: Continuum

R(Xe/u) = 1.007 £ 0.009¢q¢ £ 0.0194ys¢

— Compatible with SM prediction _.. .07 0342

— Most precise BF-based LFU test with semileptonic

decays
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1.9
0.2
0.1

Total

2.1
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— Large uncertainties in R(D™)) measurements from B — D**lv

Phys. Rev. D 107 (2023), 092003

m (GeV)

— 4 orbitally excited charm states that decay into D™ or D®1rr

(*)
— Determine B(B-D n(m)lv) from unbinned fits to E

B(B -»D™ )

One of 16 modes
fit simultaneously:

% ?Belle Total
S 40 F B’ Dt etve Signal
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2 10F
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AT { el
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24

2.2

2.0
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/  S-wave
/. P-wave

D1S D-wave

Phys. Rev. D 85 (2012), 094033
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— Large uncertainties in R(D™)) measurements from B — D**lv

— Determine

Phys. Rev. D 107 (2023), 092003

— 4 orbitally excited charm states that decay into D™ or D®1rr

B(

B(B -»D™ )

One of 16 modes
fit simultaneously:

Candidates / (0.025 GeV)
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- = NN W W
o O 00 o o o O
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E'miss = Pmiss (GeV)

B-D® l - i
— n(m)lv) from unbinned fits to Emiss ~ Pmiss
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2.6

= 2
3
g

/. P-wave
D-wave

Phys. Rev. D 85 (2012), 094033

— Subtract background and extract D** contributions
from unbinned fit to invariant mass: m(D(*)n(n))

— First observation of B = D4lv
with D; - Dt

— Highest precision B(B —
D™r(m)lv) to date

Candidates / (0.0285 GeV/c?)
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— Test light LU by measuring angular observables:

d 1 high w

F e u

— _ > AA, = A5 — A é low w
Ax(w) = [ j ] dwdx ¥ inclusive w
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'. To be submitted to PRL

UNIVERSITAT

— Test light LU by measuring angular observables:

1 high w
dF B _ u
A (w) = _ j > AA, = A5 — A, é !OW W.
dwdx inclusive w

‘ | App(w): dx = d(cos 6;)
Sz;(w): dx - d(cos 2X)
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'. To be submitted to PRL

UNIVERSITAT
— Test light LU by measuring angular observables:

high w
_ _ M low w
Ao (w) = _ > A, =AS—A <
x(W) = U f ] dwdx * ) ¥ inclusive w

‘ | App(w): dx — d(cos 0;)
Sy (w): dx — d(cos 2y)

B - D*uv
Belle II (2023) Preliminary [Ldt =189 fb~!
. . 2 1000 [ :
— Signal yields extracted from fits to M4 2 Do M2

800 |- HEE Background

Arp i Wina

600 -

Events per bin

400

200

-1.0 -0.250.250.751.25 -1.0 -0.250.250.751.25 2.0

2
My iss (GeV?) |
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— Test light LU by measuring angular observables:

high w
_ _ M low w
A (w) = _ > AA, =A% — A <
x(W) = U f ] dwdx * ) ¥ inclusive w

‘ | App(w): dx — d(cos 0;)
Sy (w): dx — d(cos 2y)

B - D*uv
Belle II (2023) Preliminary [Ldt =189 fb~!
. . 2 1000 1 :
— Signal yields extracted from fits to M [ ¢ BxpDaia : 2
X miss | BN Signal : Mmiss
fﬁ dt = 189 fb™ 800 |- HEE Background .
A : W;
FB —7) > whign g 1 AFp : Wincl
Ss — * Wlow No evidence for & |
——r - wincl. . . E 400 _
Ss I SM LU violation L
777, Belle (2023) [
S, — W Belle II (2023) found 200 |
[ Bobeth, et al.
S9 e — Eur. Phys. J. C 81
-1.0 -0.250.250.751.25 -1.0 -0.250.25 0.75 1.25 2.0

02 —01 00 01 02 (2021) 984
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2
Mmiss (GeVZ)
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Precision measurements:

— Most recent |V, | results from B — D*lv shift
exclusive closer to inclusive average

- Very active field, with innovation such as simultaneous
exclusive and inclusive determination of |V,

D &

N

e
e e
e e~
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Precision measurements:

— Most recent |V, | results from B — D*lv shift
exclusive closer to inclusive average

- Very active field, with innovation such as simultaneous
exclusive and inclusive determination of |V,

JANEt

LU measurements:

— LU challenged using branching fractions and
angular observables

- Making advances in understanding
backgrounds
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Precision measurements: LU measurements:

— Most recent |V, | results from B — D*lv shift — LU challenged using branching fractions and
exclusive closer to inclusive average angular observables

- Very active field, with innovation such as simultaneous - Making advances in understanding
exclusive and inclusive determination of |V, backgrounds

Interested in continuing the journey tomorrow?

Recent Belle Il results on
the CKM parameters |V,p|
and |V,

Recent Belle Il results on
semitauonic decays and
tests of lepton-flavor

- Philipp Horak universality Thank you for
- Peter Lewis
— 7 —
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UNIVERSITAT ] Int. Lumi (Delivered)
5000 Int. Lumi (Delivered)

- Now in Long Shutdown 1 (15 months) w000 |- ad [wmma
000 | ,/—/ 480fby

0
21/10/1 21/11/30 22/1/30  22/4/1  22/6/1  22/8/1

— Detector upgrades and beam-pipe improvement

2000
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[Vertex Detector
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/ - \§\ " positron (4GeV)
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He(50%):C2Hs(50%), Small ce B
lever arm, fast electronics

electron-positron
injector linac

positron damping ring

arXiv:1809.01958
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UN,VERS,TATﬁ FULL EVENT INTERPRETATION (FEI)

- FEl algorithm used to reconstruct By,

— Uses = 200 BDTs to reconstruct O(10000) different B decay chains

- Assigns signal probability of being correct By,

Comput Softw Big Sci 3, 6 (2019)

[ Tracks ] [Displa.ced Vertices ] [Neutral Clusters j

Events / (0.0010 GeV/c?)
g

090550 5255 5260 5265 5270 5275 5280 5.285
My (GeV/c?)

x104

arXiv:2008.060965

Belle Il preliminary Belle Il preliminary

[ ¢ Data

Ngg, =65855 + 590
Ptag >0.1

[cdt=34.6fb71

[ B Correctly reconstructe: fﬁ dt=34.6fb!

Il Continuum & mis-reconstructe ntinuum & mis-reconstructe:

Ngg, =35401 + 297

2250 5255 5260 5265 5270 5275 5280 5.285
My (GeV/c?)
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Tension:

— Most indications point to inconsistent
experimental/theoretical inputs

— Cannot exclude non-SM physics
- Improvements:
— Theoretical understanding

— B— Xlv background modeling

— Calibration of By, efficiency

TV, [ ]

Belle IT MC

—@— tagged + current LQCD
=B - untagged + current LQCD

current —0— tagged + LQCD in 5 yrs
status —B- untagged + LQCD in 5 yrs
—8— tagged + LQCD in 10 yrs

=M - untagged + LQCD in 10 yrs

10 20 30 40 50

arXiv:2207.11275
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R(D™):

— Understand B—» D**lv
downfeed

IQ(JKT/I)

— Control inclusive background
composition

Total uncertainty [%]

arXiv:2207.11275

; : —
X) (had FEI, lep 7)
7) (had FEI)

) (had FEI, lep 7)

) (SL FEI, lep 7)

*) (had FEI, lep 7)
*) (SL FEI, lep 7)
*) (had FEI, had 7)

(
(
(
(
(
(
(

D
D
D
D
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Data sample in ab~!
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