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ﬁ violation (LUV) tests
== A, ﬁ Angular
2 ‘ observables

‘ DeNy — B(B — DM1v)
R(DY) = B(B - D®W)
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— Detectors located at the interaction points of \ ssssss
electron-positron colliders

Belle ||

—

— Center-of-mass energy corresponding to Y(4S) ‘ ete” > Y(4S) - BB
resonance

 1999-2010 * Operating since 2019
Belle: » Belle II: Perating ~Inte

e Lzt =711fb  Lih = 364fb

e Still produces results e First run 2 collisions on

February 20t 2024
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e+e— — Y(4‘S) — BSlgBtag

Btag
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Tagged: Untagged (inclusive tag):
+ —_
e e - Y(4S) — Btag = Bsig and Btag reconstructed — Only Bsig reconstructed

— Reconstruct By,g in hadronic

or semileptonic modes using
multivariate methods
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ete” - Y(4S) -

Btag

Tagged: Untagged (inclusive tag):
- Bsig and Btag reconstructed - Only Bsig reconstructed

— Reconstruct By,g in hadronic

or semileptonic modes using
multivariate methods

Low

Efficiency — ngh
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ete”™ > Y(4S) - B Biap

sig

Btag

Tagged: Untagged (inclusive tag):
- Bgjgand By,g reconstructed — Only Bsjg reconstructed

— Reconstruct By,g in hadronic

or semileptonic modes using
multivariate methods

LOW Efficiency — H|gh

Exclusive: Inclusive:

- B, reconstructed as specific - By reconstructed as sum
final state of modes

Approaches are theoretically and experimentally independent
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Vud Vus Vub

Vcd Vcs Vcb

Via Vis Vi
CKM Matrix

Form-factor
measurements

SM precision
measurements

103 IVub[

Test SM by over-constraining unitarity triangle
Important inputs to SM rates of ultra rare decays

Tension between

and

measurements at level of 2-30

|Vup| Measurements over Time

|be|

CKMFitter Unitarity

EPS 2019

[Vub| Inclusive
PDG CKM Review

+

|Vub| Exclusive
PDG CKM Review 4

B-puv O
Phys.Rev.D 101 (2020) 3, 032007

B-tv

Phys.Rev.D 92 (2015) 5, 051102
Ny - puv

Nature Phys. 11 (2015) 743-747
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B — Xlv: leptonic and hadronic currents factorize
Describe kinematics using momentum transfer squared:

q* = (p — Px) °

Eocl
dg?

Exclusive:

Inclusive:

Vipl? X [FF(q?)|?

/

Form factors
parametrize non-
perturbative physics

Operator product
expansion

1
B o |Vyp|* X F(b—>ql171)+m—+as+...]

b
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Vud Vus Vub
Vcd Vcs Vcb
Via Vis Vi

CKM Matrix
Form-factor
measurements

SM precision
measurements

q* = (pp — pPx) °

dB
dq?

Exclusive: o

Inclusive:

B o« V|7 X |

Untagged B
Tagged simu

————
————
e e~
————
e e~
————

Vil X [FF(q?)?

/’

B — Xlv: leptonic and hadronic currents factorize
Describe kinematics using momentum transfer squared:

Form factors
parametrize non-
perturbative physics

Operator product
expansion

1
I'(b lv — ]
( _)qvl)‘l'm + g +

b

— 1t /plv at Belle Il

ltaneous exclusive and

Tagged inclusive B — Xlv at Belle

New for
Moriond

|Vub|

inclusive measurement of |V,,| at Belle

Vub /| Vep |
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Untagged reconstruction of BY — 7177,
and B~ - p’l7y,

Main challenge: modes suffer from large
B — X_lv and continuum backgrounds

— Suppressed using BDTs

Discriminating variables:

10% Events / Bin

AE = E — Epeam
Mpe = \/Etz)eam — |psl? i
— Simultaneously extract signal yields in
13(10) bins of true g*

1 /ply AT BELLE |

To be submitted to PRD

2.5

2.00

175

1.50 |

125

1.00

0.75

0.50

0.25

[cdt=364fb1
BO—n ity

Preliminary

-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25

= Signal I Xulv
3 Comb Signal mm XLy

. % v B Other BB
| plv I Continuum

1 Signal x2
774 MCunc.
{ Data

[cdt=364fb"1
B* - p%*y,

Preliminary

-0.75

[ Signal 1 Xy lv
[ Comb Signal mmm X Lv
. oLy EEE Other BB
. v B Continuum

AE (GeV)

1 Signal x2
%774 MCunc.
{ Data

-0.50 -0.25 0.00 0.25 0.50 075 1.00 125

10% Events / Bin

107 Events / BIn

[cdt=364fb™!
B> ity

5 Preliminary

0
5.100 5.125 5.150

[ Signal I Xutv 1 Signal x2
[ Comb Signal mm X Lv 7/ MC unc.
= v B Other BB t Data
== oLy B Continuum

5.175 5.200 5.225 5.250 5.275

Belle Il
35[ [cdt=364f0
B* - p%*y,
3.0

Preliminary

I Signal O Xulv [ Signal x2
[ Comb Signal mm X Lv 774, MC unc.
. oLy EEm Other BE | Data
mm niv EEE Continuum

0.0
5.100 5.125 5.150 5.175  5.200 5.225 5.250 5.275

Mp. (GeV)
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To be submitted to PRD

New for
Moriond

7 =
— Perform 3D fits to - Belle 11 Preliminary
2 6 F B>mlv:
reconstructed q<, AE and My, @ Signal  mEm Other B5
-% 5 :— O/ X, lv B Continuum
. . ~ L X v
— Link yields of cross-feed w4t
. P -
signal components L
- Convert to partial branching = 2fg 1§ &

fractions AB; using
reconstruction efficiencies

[rdt=364fb1
B-plv:

I Signal W Other BB
mm X, Lv I Continuum
1 XcLv

— Determine total branching

fractions:

B(B — n17V)) = (1.516 £ 0.0275¢a¢  0.0355y5)x107*
B(B~ = p°l7 ;) = (1.625 £ 0.063¢a¢  0.0884,5)x107*

My [GeV]

* Most precise single measurements
* In agreement with world averages
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P
umvmsmﬁﬁ UNTAGGED B — m/plv AT BELLE II

Determine |Vyp| by minimising x?:

N
X% = Z(ABi - AFiT)Ci;l (ABj - AF]'T) + X’%‘heory

BO — T[+l_17[

Bourrely-Caprini-Lellouch (BCL)
Phys. Rev. D 82, 099902

LQCD Eur. Phys. J. C 82 (2022) 869

LQCD + LCSR J. High Energ. Phys. 2021, 36

. Experimental observation

- Experimental covariance
. Theoretical prediction

B~ - p°l7v,

Bharucha-Straub-Zwicky (BSZ)
J. High Energ. Phys. 2016, 98

LCSR J. High Energ. Phys. 2016, 98

To be submitted to PRD

& )] (o]
T LI — LI — LI —

dB/dg? (x10°) [GeV~2]

[cdt=364fb!
B2ty

| [cdt=364fb1

dB/dg? (x10°) [GeV~2]

30
§ Data
L I L L L L I L L L L I L L L L I L L
10 15 20 25
q? [GeV?]
[ Belle Il B* - p%*y,

LCSR
—— BSZ mm 20 § Data
s lo 30

L o v b by by
25 50 7. 10.0 125 15.0 175

i
20.0
q° [GeV?] |
9



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1007/JHEP07(2021)036
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Determine |Vyp| by minimising x?:

N
X% = Z(ABi - AFiT)Ci;l (ABj - AFjT) + X’%heory

i,j

Form factor
param.

Theory
input

BO — 7T+l_1711

B~ — pol_ﬁl:

BO - 7T+l_17[

Bourrely-Caprini-Lellouch (BCL)
Phys. Rev. D 82, 099902

LQCD Eur. Phys. J. C 82 (2022) 869

LQCD + LCSR J. High Energ. Phys. 2021, 36

. Experimental observation
. Experimental covariance
. Theoretical prediction

B~ - p%l~v,

Bharucha-Straub-Zwicky (BSZ)
J. High Energ. Phys. 2016, 98

LCSR J. High Energ. Phys. 2016, 98

dB/dg? (x10°) [GeV~2]

To be submitted to PRD

New for
Moriond

[ Belle Il

[cdt=364fb!
BO s nmgty,

|Vub|LQCD - (3-93 T O-09stat x 0-135yst T O-lgtheo))(lo_3
|Vub|+LCSR - (3-73 T 0.07star = 0-07syst T 0-16theo)><10_3

|Vub|LCSR - (3-19 T O-lzstat x 0-17syst T 0-26theo)><10_3

* In agreement with exclusive world-average
» Shifts exclusive toward inclusive average

— —— BCL 30
[ =m 1o § Data
w20
T I I L I L L L L I L L L L I L L L L I L L
0 5 10 15 20 25
q? [GeV?]
14T Belle B* = pO%*y,

dB/dg? (x10°) [GeV~2]

| [cdt=364fb1

LCSR
— BSZ 20
s 1o 30

§ Data

L oo b by o by by by 1y
25 50 7. 10.0 125 15.0 17.5 20.0

9’ [GeV?] |
9



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1007/JHEP07(2021)036
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— Tagged inclusive reconstruction of B = X, lv

Phys. Rev. Lett. 131, 211801

TAGGED SIMULTANEOUS EXCL. AND INCL. |V, | AT BELLE

N +=0 B - n°ly

/ NT["' =1 B-ntly
— New idea: bin events by number of charged pions: <

\ N+ =2 other
N+ =3 B = Xylv

10


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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— Tagged inclusive reconstruction of B = X, lv
- New idea: bin events by number of charged pions:

— Signal region selected in hadronic mass: My

..............

1
1750 |
|
|
|

1500 | Signal region

|

1250 |
1000 [
750 |

500 |

Events / (0.225 GeV)

250

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Mx [GeV]

Phys. Rev. Lett. 131, 211801

= B - v

— B->ntly

10


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Phys. Rev. Lett. 131, 211801

UNIVERSITAT

— 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

) < Signal region >
— Extract signal yields in 2D fit of q“ and N+ SRR SR AL A SR
350 g Nn;"'
— I < 300 i %7/, MG unc. = 2 x’/ndf=126/(24-3)
"""""""" [ @ Data
1750 [ I 8 oty
— . . : S 250 [ 3 B-ntiv
> 1500 |  Signal region _ F T Other Box, v
G) I - ! [ 3 Background
© 1250 | \L 200 !
LN i 1 E r
N ! — 150 |
N 1000 | ! £ [
e [ 2 100 f
~ 750 | - : =
2 ‘ 50 | i
c i C . ;
0 &
50 b .

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Mx [GEV]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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— Tagged inclusive reconstruction of B = X, lv

- New idea: bin events by number of charged pions:
— Signal region selected in hadronic mass: My

— Extract signal yields in 2D fit of g and N_+

1750

—— -
~

S 1500 .

S Sideband Use high My
1 120 sideband to
g 1000 constrain

a2 background
T 500

>

L

250

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Mx [GEV]

Phys. Rev. Lett. 131, 211801

B - v

B->ntly

Sideband

2500
High My

2000

1500 —

My =

1000 >~

Events

500

0

O = N M

A
“E +I= +'I: +'\:
=2 =222

10


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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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

\
1 AN

! \ i
! AN

\Y
L \ 4
5 \
0 L ! [ | A

0 5 10 15 20 25

Phys. Rev. Lett. 131, 211801

11


https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

'. Phys. Rev. Lett. 131, 211801

UNIVERSITAT

_ 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



https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

'. Phys. Rev. Lett. 131, 211801
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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:

1| _ _
— FLAG lattice QCD Eur. phys. J. 82 (2022) 869 V| = (3.78 £ 0.235tar £ 0.164yst = 0.14¢ne0)x 1073
. . . vinell = (3.90 + 0.204¢ + 0.325y5¢ + 0.0960) %1073
— FLAG + experimental information / [V ( - stat — syst £ 0-09theo)

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.

N
——

drr/dg? x 1018 Gev~1

—l
7’



https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

Phys. Rev. Lett. 131, 211801
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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

48 ——mmmm——m——r———r——— T T T ]

5 [ e Bomntlv X1 Comb.n® * fit SM: el = 1
I == Bkg-subtracted (fit with LQCD & exp. const.) BCL (fit with LQCD & exp. const.) 1 3 e B-ny .« Belle (GGOU L 1
I —A— Bkg-subtracted (fit with LQCD const.) — = BOL (fit with LQCD const.) . 46 ( ) Wl HFLAV (incl. GGOU) .

Input LQCD const. _ |V§§C1| /lvlllrl;d
= 0.97 £ 0.12;¢

N
L

drr/dg? x 1018 Gev~1
N w
‘\
\
\
\
\
\
\
\ “
\
‘ \
\
\
\
1
1
1
1
1
1
1
"
|“
]
1
“l
1
U
I
/
,I
’/
Incl. |Vp| - 103
IO
o
I E |
SN
0 1
0 1
. 1
Loy
://
€

1 E l

< Agrees with ; \
\ 1 expectation of 1 and e ,"
. N . \ 1
\ within 1.1c with the \ /
1 I~ \\ ] B \ ,/ 1
v 1  world-average 361 el ]
\ 4 - - 4
0_....| ......... [ T T 341||||1|
0 5 10 15 20 25 300 325 350 375 4.00 425 450 475 5.00

g2 [GeV?] Excl. [Vyp| - 103 1


https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801

'. arxiv:2311.00458
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— Inclusive reconstruction of B — X[v using the Belle Il hadronic tagging algorithm

— Main challenge: modelling of inclusive background

B — X, lv yield from 2D fit to lepton energy E; and g*
B — X_ lv yield via background subtraction

— Obtain (for £; > 1.0 GeV): AB(B = Xylv)
AB(B — X .lv)

— Extraction:

= 1.96(1 + 8.4%;tar + 7.9%syst ) X 1072

Events / (0.05 [GeV])

%103 )<1'U4 i ' o
St - Data ¢ 1 LOp Belle Preliminar [P - l ‘ ' ‘ '
Belle Preliminary B X7 mem elle v B X, v . t Data Belle Preliminary
. l_?—)l;l’ﬁ- ~ B—Div R ! BN B — (fake | sec. ¢)
4r ; B D't m %, 08 B Dy W o | - B X
B— D' [} B D™y mm % 99, 9 =, ,sc.
B Dy, (v O, B Dy, (v O, 6t .
3 _ ap 1 0.6} - 2p 1 _
oB— X_CT(—> ov)u ) B— )&T(—) tov)v S .
B (fake () W - B - (fake ¢) WEE = .
2t B — (sec. £) HEE 1 @04} B - (sec. () M £4'
qq (q=u,d,s,c) L g qq (f]=u,d,s,c) [ %
Syst /77 > Syst. /4. z
I ‘ K 02 - 2
e = . .
0 .00  1.25 150 1.75  2.00 ) , 0.0 ————@———~~——" " % 0 0700 125 150 175 200 225 250  2.75
. Bsi
Efslg [GeV] Eg € [GGV]


https://arxiv.org/abs/2311.00458
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arxiv:2311.00458

LS: ? Simulateld | _
S | Data
- Unfold B — X,,[lvand B — X, lv yields via singular %w
value decomposition (cite) g -L+
S +
— Correct for efficiencies and form differential ratios %10_2_ #.H.ﬁ#-
<
— Obtain |V |/|V.p| using theory input for partial rates 0 3 20 25
E/* [GeV]
~ I im'uae _ I I
|Vub| AB(B N Xulv) AF(B N Xclv) = KIN Eur. Phys.J. C81, 226 @6 ? SDaml ted
V.,  |AB(B = X.lv) AT'(B — X,lV) ——— BLNP. Phys. Rev. D 72, 073006 &q 107
GGOU. JHEP 10 (2007) 58 ﬂ
§)
< —
v, [BLNP 2 10 E*T‘t’
) _
|Vub = 0.0972(1 + 4.2%star + 3.9%syst + 5.6%¢theo) I N
IVCb GGOU ¢ [GeV']
u
Vo = 0-0996(1 + 4.2%stat * 3.9%5yst + 3-0%theo) * In agreement with SM prediction
Cc

13


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/2311.00458
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B(B —» DM tv)

)y =
R(D™) B(B - DMy)

Angular observables

Lepton universality
violation (LUV)

tests ﬁ

|

14
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arXiv:2206.07501
*/-\ 0.4 B LINLINL I LI I LI I LI L I LI I LI I LI L I LI L I LI i
s B m Ax* =10 contours
R B Prelim. 2023 i
[ BaBarl2 ]
0.35 n Bellel5 o i
RO B(B - DW1v) [ Ry A ]
- * : : 03 ! N .
B(B - DO W) | Tension with N Y y s
I ~ B \\ ‘ll =
I >Mat= 30 025 of - Belle19 —
Angular observables I = 5
I - Bl o World Average ]
0.2 = $HFLAV SM Prediction  JHEP 1712 (2017060 R(D) =0.356 £0.029,,,, —
- R(D) = 0.298 = 0.004 PLB 795 (2019) 386 R(D*)=0.284 = O_O]Smml -
| B RD*=0254£0005 10 o001 a 1t p=-0.37 .
B PRD 105 (2022} 034503 P(x) =25% N
I Ll 1 I Ll 1 1 I Ll 1 1 I L1 I< L I Ll 1 1 I Ll 1 1 L1 1 1 I L1 1 1 I L1
0.2 0.25 0.3 0.35 04 045 0.5 0.55
| R(D)
,’ =TT T s - I
7 e |
S \
|
Lepton universality |
violation (LUV) I
tests !
|
|


https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/r_dtaunu/winter2023_preliminary.pdf

P
UN.VERS.TATﬁ LEPTON UNIVERSALITY VIOLATION (LUV)

=
N

m Ay* = 1.0 contours
Prelim. 2023

BaBarl2

R(D¥)

0.35 Bellel5

B(B —» DM tv)

R(D™Y = . .
(D) B(B —» DMIy) Tension with 03

LHCb23 F

- Bellel9

v LHCb22

SM at = 30

0.25

Angular observables

Bellel17 PRD 94 (2016) 094008
. PRD 95 (2017) 115008 World Average
4 HFLAV SM Prediction  JHEP 17122017 060 EE?T ! gig N O&?é?gm
_ . PLB 795 (2019) 386 *)=0.2384 0013
R(D)=0298=0004 BT 0050 Do = ot
R(D*) = 0.254 = 0.005 p=-.5

EPIC 80 (2020) 2, 74 v2) — 750
PRD 105 (20224 034503 PO =25%
I L1 I Ll 1 I L1 1 1 l Ll 1 1 I L1 I L1 1 1

0.2

0.2 0.25 0.3 0.35 04 0.45 0.5 0.55

b3
Tagged B — D*lv at Belle Il R (D )

ﬁ Tagged B — Xlv at Belle Il R (X)

Lepton universality
violation (LUV)

tests ﬁ

l
|
l
|
l
|
|
l | R(D)
P T |
|
|
|
|
|
|
|
|


https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/r_dtaunu/winter2023_preliminary.pdf
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— Reconstruct B — D"lvand B » D*Tv to measure:

- With D*t - D+7+/0 D*0 5 pOr0 and 7 - lvv

R(D*) =

arxiv:2401.02840

B(B = D*tv)
B(B — D*lv)

=———> Reconstruct D in 11 modes

- Main challenge: significant background from poorly known B — D**lv decays

- Extract signal with 2D fit to residual energy in the calorimeter Egcy, and mass
of undetected neutrinos Mrzniss = (Pe+e—_PBtag — Dp* — pl/T)Z

40

Candidates / Bin

Belle Il Preliminary —e— Data
f Ldt=189.3b"

D*—D’x*

B D*rv
[ p*iv

B D**l(t)v

=
=
(.

Hadronic B
Fake D"
Other BG

Fit uncertainty

L —

10

30 JLat=180.3 1"
25 F 1.5<Mj <6.0GeV/ct
20

- Belle Il Preliminary D*—D’z* —e— Data

Bl D+#tv

[ D*iv

B D*l(7)v
I Hadronic B
[ Fake D"
[ Other BG
77 Fit uncertainty

*****

12 14 16 18 2

R(D*) = 0.26215:535 (stat) 15033 (syst)

0 02 04 06 08 1

EgcL(GeV)

Consistent with SM
prediction and previous
measurements
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https://arxiv.org/abs/2401.02840
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— Complementary inclusive test of LUV in
tagged semileptonic B decays

B(B - Xtv)

B(B - Xlv)

— Main challenge: modelling of backgrounds
fromB - X, = [

R(X) =

— Use high lepton momentum pf sideband to
reweight inclusive B = Xlv

— Extract signal from 2D fit to plB and Mrzniss

R(X) = 0.228 £ 0.016,¢ + 0.0364y5;

N
o

=
(o)}

=
N

Norm. Resid. 10° events per bin

arxiv:2311.07248

JCdr=189fb!
I X[r—ewlv
I Xev ‘
[ BB Background|:
B Continuum

2222 MC tot. unc.
¢ Exp.data

Ml’%liSS € (6’ 8] Mr%)iss >8

Belle 11

M2 €(1,2.3]| M2, €(2.3,4]| M2, €(4,6]

4
2t .
Py L .-... ° Y PY Py () S hd
OEo—' - D = P S . . - . .’-{1 L B
2F
|||||||||||||||||||| 1 1

mowmowmm - - - - - - - - - - - - - - - - - mowmom - - - - -
och Sy S NoHT g

vy © O = = = A y © O = A

First measurement at B-factory with Y (45)
Consistent with SM prediction and R(D™)

J. High Energ. Phys. 2022, 7
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https://arxiv.org/abs/2311.07248
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
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Precision measurements:

— Most recent |V, | results from B — mlv shift exclusive
closer to inclusive average

- Very active field, with diverse approaches toward
measuring |Vy,| and |V |

JANEt

LUV measurements:

— LU challenged using exclusive and inclusive
modes

- Making advances in understanding
backgrounds

e
e e
e e~
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L

Precision measurements:

— Most recent |V, | results from B — mlv shift exclusive

closer to inclusive average

- Very active field, with diverse approaches toward
measuring |Vy,| and |V |

Many more results:

]

X‘j

» Differential distributions of B - D*€v
* Angular coefficients of B > D*8v
* Branching fractions of B - D(*) n(mt)8v

g moments of 2 B - Xc8v f

LUV measurements:

— LU challenged using exclusive and inclusive
modes

- Making advances in understanding
backgrounds

Test of LFU with inclusive R(Xe/u)
|V from untagged cb | BO > D*+8-v

Lepton mass squared moments of B Thank you
- Xcev f
B->D*Inu angular asymmetries or your

ﬁ attention!
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UNIVERSITAT ] Int. Lumi (Delivered)
5000 i (Delivered)

- Long Shutdown 1 completed (15 months) R | e
000 | ,/—/ 480!

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

1000

Base

Resistive Plate Counter (barrel)
=Sgintillator + WLSF + MPPC (end-caps)
[EM Calorimeter:

Csl(Tl), waveform samp \ g (E ///4

0
20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

YY/M/D

KL and muon detector: ]

Pure Csl + waveform samg

a g tification
—-" - agation counter (barrel)

Belle Il detector

electron (7GeV) = / ‘ - Prox. fo _Aerogel RICH (fwd)
1y &

=

Beryllium beam pipe -

[ z B " o
2cm diameter 7 //' ;“ \ ,,“~\ .
i

[Vertex Detector

2 layers DEPFET + 4 |ayers SSS b= /
/ - \§\ " positron (4GeV)
Central Drift Chambe \ : ,

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
E)

& & S & S

o N v ')

Data sample in ab~!
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