- -
UNIVERSITAT @ @
Belle Belle I

SEMILEPTONIC B DECAYS AT
BELLE AND BELLE Il

Svenja Granderath (University of Bonn)

on behalf of the Belle Il collaboration

(with material from the Belle collaboration)

Moriond QCD - La Thuile - April 2, 2024




Land of semLLeptoch B deca Ys



\J

%




—

Vud Vus Vub
Vcd Vcs Vcb
V. V Vip
s e Form-factor
CKM Matrix measurements

SM precision
measurements




Vud Vus Vub
Vcd Vcs Vcb
V.a V, Vip
e s P Form-factor
CKM Matrix measurements

SM precision

measurements Lepton universality
violation (LUV) tests

A ﬁ Angular
/ N
observables

' 4 \\
7\ /, \\_\ ’_/‘
// \~._~ ______ -
7 B(B —» D™ )
=

— - R(D™) =
J - (D™ B(B - D™)

e




L

UNIVERSITAT

— 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 Il: P ; .

e Lzt =711fb  Lih = 364fb

e Still produces results e First run 2 collisions on

February 20t 2024




(L
UNIVERSITAT% RECONSTRUCTION

e+e_ — Y(4S) — BSlgBtag

Btag
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ete” - Y4S) -

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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UNIVERSITAT EIeINTYH RECONSTRUCTION

ete” - Y(4S) — By Biag

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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Vg V. Vo * Test SM by over-constraining unitarity triangle
Vg Voo Vo, * Important inputs to SM rates of ultra rare decays
Via Vis Vi * Tension between and |Vip |
R measurements at level of 2-30
Form-factor IVus| Measurements over Time
measurements 7 CKMFitter Unitarity Vo Exclusive By
] EPS 2019 ®  PDG CKM Review 4 Phys.Rev.D 92 (2015) 5, 051102

[Vub| Inclusive B-uv O Np = puv
+ PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747

SM precision
measurements

O

S A R AARA K

I I T I I T I T I I T I I
2 N2 2 2 N ) D, 0, 0, O, O, V0,

Markus Prim



%

Vud Vus Vub
Vcd Vcs Vcb
Via Vis Vi
CKM Matrix
Form-factor
measurements

SM precision
measurements

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

q* = (p — Px) °

Exclusive:

Inclusive:

dB
az |Vy

bl% % |[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

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

q* = (pp — pPx) °

Exclusive:

Inclusive:

2 sl

B o< V| x |

Tagged inclusive B — Xlv at Belle

Form factors
parametrize non-
perturbative physics

o< [Vyp|? X [FF(q*)|?

Operator product

/ expansion

1
I'(b lv — ]
( _)qvl)‘l'm + g +

b

New for

Untagged B — m/plv at Belle Il Ve

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

Vub /| Vep |



To be submitted to PRD

UNIVERSITAT& |Vub| FROM B — T[/pr AT BELLE II

~ Untagged reconstruction of BY - w*1" v, and B~ - p°l7 v,

- New idea: simultaneously extract signal yields in 13(10) bins of true q> — LT\]E)cliIfji;[ng
— Main challenge: modes suffer from large B — X_.[v and continuum backgrounds

— Suppressed using BDTs | | _ ' |
- Use discriminating o SR Sgme TH | ke SF Sma TR

variables: oy Pretmmnan > et

AE = Ep — Epeam T;l:O :
Mpe = \/Elz)eam - |ﬁ|2 N
o meew Mye)



'. To be submitted to PRD
New for

UNIVERSITAT Moriond
. 7 F 1 !
— Perform 3D fits to = Belle I Preliminary ; [ dt=364fb1
2 6 F B>mlv: ' B->plv:
reconstructed g%, AE and Mpe _ | == signat  mm otneres } Dote | EE Signal mEm Other B
o 5 F == Xt!v EEE Continuum | mEm X,/v EEE Continuum
. . - [ X Lv W — XcLv
— Link yields of cross-feed w4t |
. P - :
signal components 23t ;
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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 — n17 7)) = (1.516 £ 0.0424a¢ + 0.0595y5)x107*
B(B~ = p°l7 ;) = (1.625 £ 0.0795¢a¢ & 0.1804y5)x10~*

My [GeV]

* In agreement with world averages
e Largest systematic: continuum modelling
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L

Determine |Vyp| by minimising x?:

N

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

i,j

Form factor
param.

Theory
prediction

BO — T[+l_17[

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

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

LQCD + LCSR JHEP (2021) 36

. Experimental observation
. Experimental covariance

. Theoretical prediction

B~ - p°l7v,

Bharucha-Straub-Zwicky (BSZ)
JHEP (2016) 98

LCSR JHEP (2016) 98

|V..| FROM B — 1/plv AT BELLE II

To be submitted to PRD

[ Belle 11 Preliminary fﬁdt= 364 fo-1
— 8 [ l B2ty
o I
> n
v |
O 6}
o [
o
‘_| -
X 4}
Y I
o
ol
Q 2F 30
C [ mm 1o § Data

- 20

0 T 1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 5 10 15 20 25
q° [GeV?]

dB/dg? (x10°) [GeV~2]

[ Belle 1 Preliminary
- [cdt=364fb?

B+—>p°l+w

LCSR
— BSZ 20
s 1o 30

§ Data

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

i
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

L

UNIVERSITAT

Determine |Vyp| by minimising x?:

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

i,j

Form factor
param.

Theory
prediction

BO — 7T+l_1711

B~ — pol_Vl:

BO - 7T+l_171

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

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

LQCD + LCSR JHEP (2021) 36

. Experimental observation
. Experimental covariance
. Theoretical prediction

B~ - p%l~v,

Bharucha-Straub-Zwicky (BSZ)
JHEP (2016) 98

LCSR JHEP (2016) 98

dB/dg? (x10°) [GeV~2]

To be submitted to PRD

New for
Moriond

[ Belle 11 Preliminary

[cdt=364fb!
BO s nmgty,

|Vub|LQCD - (3-93 T O-09stat x 0-13syst 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 O-17syst T 0-26theo)x10_3

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

— —— BCL 30
[ =m 1o § Data
w20
A B B B B S
0 5 10 15 20 25
q? [GeV?]

[ Belle 1 Preliminary
- [cdt=364fb?

B+—>p°l+w

LCSR
— BSZ
s lo 30

) R S I I I D B T D
0.0 25 50 7. 10.0 12.5 15.0 17.5 20.0

q? [GeV?]

dB/dg? (x10°) [GeV~2]

w20 § Data

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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L

— 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

1500

1250

1000

750

500

Events / (0.225 GeV)

250

0.0 0.5 1.0

1.5

—— -
~

2.0 2.5
Mx [GEV]

Background-

enriched region ' |

3.0 3.5 4.0

4.5

Use high My
region to
constrain
background

Phys. Rev. Lett. 131, 211801

B - v

B->ntly

Background-
enriched
region

2500
High My

2000

[}
)

~
1500 —
N

Mx

1000 >~

Events

500

0

O =+ N M
nmn n A
H H + +

= = = &
2 =222

10


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

- Fit BCL B — mlv FF parameters

dr/dg? x 1018 Gev-1

N

w

\V]

—_

with two constraining options:

— LQCD Eur.Phys. ). C 82 (2022) 869

— LQCD + experimental information

—r . r r r 1 - T 1 1T T T 7

3 == Bkg-subtracted (fit with LQCD & exp const) BCL (fit with LQCD & exp const)
I =~ Bkg-subtracted (fit with LQCD const) == BCL (fit with LQCD const)

i Input LQCD const

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

dr/dg? x 1018 Gev-1

Exclusive |V|: Inclusive |V ]|:
- Fit BCL B — mlv FF parameters — Use theoretical prediction of inclusive partial rate
with two constraining options: JHEP 10 (2007) 58
— LQCD Eur.Phys. J. C 82 (2022) 869 [vexe| = (3.78 £ 0.2340c 0.164yst & 0.14¢pe0)*x 1073
| . | vinell — (3,88 + 0.2044t + 0.31gy5t T 0.091,60 )X 1073
— LQCD + experimental information / | ub ( + stat -~ syst — theo)
S
r == Bkg-subtracted (fit with LQCD & exp const) BCL (fit with LQCD & exp const)
[~ Bkg-subtracted (fitwith LQCD const) - ﬁlcptt(EtQ mgt[r; (I:_OQn(SItD const)
4 — ]
3 %‘ ______ *_ ]
) _ #‘ I %:L\\ ]
[ &
s \
N | | B | AY
0 5 10 15 20 25


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

Phys. Rev. Lett. 131, 211801

UNIVERSITAT
Exclusive |V|: Inclusive |V |:
— Fit BCL B — mlv FF parameters — Use theoretical prediction of inclusive partial rate
with two constraining options: e
— LQCD Eur.Phys. J. C 82 (2022) 869 [vexel| = (3.78 £ 0.234,¢ 0. 3Gy 2 0 14theo)><10‘
1ncl —
: : : = (3.88 £ 0.20., + 0.31 + 0.09 x1073
— LQCD + experimental information / |vinel| = ( . st theo)
5 e B o EI|I|v'| IIIIIII 1
BB T e T N A A SN
. :_ Input LQCD const ; | eXCl | / | lnCI - E
T i D 44r y
O] ] 0 X [ RS ]
0 3 %‘ ___-* ] Zo42r 7 Y AT i
o po-L-- T - ] E ; / \ j
PN #‘ | § = _Z Agrees with = 40| i \, )
T \‘n ' expectationof 1and 2 4.t L oA ," ;
5 L N within 1.20 with the : '\ /! :
\ | | \ 7’ _
_ \ world-average 36 ; “se__.-" :
T S >400 325 350 375 400 425 450 475 500


https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
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arxiv:2311.00458

— Inclusive reconstruction of B — X[v using the Belle Il hadronic tagging algorithm

— Main challenge: modelling of inclusive background

— Extraction:

Events / (0.05 [GeV])

X 193

B — X, lv yield from 2D fit to lepton energy Ef and g?

Belle Preliminary

100 12 150 17 200
Bsi
E,;™ [GeV]

Data ¢ |
B = X v mm
B - Div
B—D'v I |
B— D™
B D, |
oB = X.7(— )7
B — (fake ¢)
B — (sec. {) HEE |
qq (q= uﬂd’5>c) L
Syst /77

xlp'*‘

I . Data ¢ 1
Belle Preliminary Fos X7

Z

B Div ml

B D'y M 1
B D"y

| B— Daapﬁ [ _

B = Xer(— tow)v

B - (fake {) NN

B - (sec. () M
q7 (¢=u,d,s,c)
Syst “/7.

0 5 10 15 20 25 30
¢* [GeV?

12


https://arxiv.org/abs/2311.00458

'. arxiv:2311.00458

UNIVERSITAT

— 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 Ef and g?

— Extraction:
* B - X_lvyield via background subtraction in ElB
I B . —
~ Obtain (for Ef > 1.0 GeV): | 8B = %lv) o i 4 g a0r . + 790 e
= L + 8.4%stat T 7.9%¢yst )X
AB(B - X lv)
: x10*
5-XI'03 | ] L0f | rDam f T 10" ' ' ' : -
Belle Preliminary E—»)]?a:’; ; Belle Preliminary B X7 . ¢ Data Belle Preliminary
—~ . l_?—)l;t’ﬁ- ~ B— Dy H ! BN B — (fake | sec. ¢)
% 4t ; B— D'y H | °'>0-8' B— Dy I 1 = = B_—)i(“md
O B— D [0 B= D" % qg, 9 =, ,sc.
w B DG, | gos- B Dy, v . | O.6f .
2 B - Xr(~ o)w o B Xa(o ) = .
= B~ (fake () WO g B (fake () W g .
: 2t B — (sec. () W @04} B - (sec. {) I | 4(34'
£ 0 (g = wd,5,c) - = W (g=ud,s,c) 5
< Syst 777 > Syst /7. 2l
m ‘ = 09 ]
05w 1z 150 Ln 200 2% , L T - - 07700 125 150 175 200 225 250 275
B [GeV] E,™ [GeV]

12


https://arxiv.org/abs/2311.00458
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— Obtain |V |/|V.p| using theory input for partial rates

m—————p KIN Eur. Phys.J. C 81, 226

Vup|  [AB(B — X, [v) AT(B — X.Iv)
V. N AB(B - X.lv) AT(B - X,lv) == BLNP Phys.Rev. D 72, 073006
GGOU JHEP 10 (2007) 58
BLNP
|Vub . 0 0 0
v = 0.0972(1 + 4.2%stat + 3.9%syst + 5.6%¢theo)
C
GGOU
|Vub . + 0 + 0 + 0
v, = 0.0996(1 * 4.2%¢tat + 3.9%syst T 3.0%¢heo)
Cc

In agreement with world averages of inclusive results

arxiv:2311.00458

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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— Obtain |V |/|V.p| using theory input for partial rates

Vepl a AB(B —» X .lv) AT(B - X,lv) == BLNP Phys. Rev.D 72, 073006
GGOU JHEP 10 (2007) 58

Vb | B \/AB(B - X, W) AT(B - X.lv) =P KIN Eur. Phys.J. C 81, 226

BLNP
|Vub . 0 0 0
A = 0.0972(1 + 4.2%gtat T 3.9%syst + 5.6%¢heo)
C
GGOU
|Vub . 0 0 0
v = 0.0996(1 + 4.2%gtat T 3.9%syst + 3.0%¢heo)
Cc

* In agreement with world averages of inclusive results

— Additionally provides differential ratios:

- After unfolding B — X, lvand B — X, lv yields and
correcting for efficiencies

arxiv:2311.00458

I Simulated

N

i)glo—l 4 Data

E/ Preliminary

g +

S ot

> +

\m-/ 1072} f

<

1.0 15 2.0 2.5

Ef "¢ [GeV]

| s ——

@% 4 Data '

g/ 10-1t Preliminary

4

Y

<

Ei i —

m

4 10—2 5

0 5 10 15 20 25
q* [GeV?]
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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B(B —» DM tv)
B(B —» D®v)

R(D™) =

Angular observables

Lepton universality
violation (LUV)
tests

|

Tension with
SM at = 30

R(D*)

0.35

0.3

0.25

0.2

arXiv:2206.07501

‘ Prelim. 2023 \

Ay* = 1.0 contours

BaBarl2

LHCb23 .

LHCb22

[ W~~~ Bellel9 —
B Bellel7 PRD 94 (2016) 094008 i
B PRD 95 (2017) 115008 World Average i
[ 4 HFLAV SM Prediction  JHEP 1712 2017) 060 EEB:): 0(.)3;2; 000(%?‘30 al —
- _ PLB 795 (2019) 386 9 =0. +0. -
| R(Dl‘ 0.298 +0.004 PRL 123 (2019) 091801 p=-037 total .
R(D*) =0.254 £0.005 EPIC 80 (2020) 2, 74 P(v2) = 259
B PRD 105 (2022} 034503 (r) =25% -
llllllllllllllll‘l_l_l‘l;l‘lllllll r o g gl g a1l

0.2

0.25

0.3 0.35 04 045 0.5 0.55

R(D)

14


https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/r_dtaunu/winter2023_preliminary.pdf
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B(B —» DM tv)

()} =
R(D™) B(B -» DM)

Angular observables

Lepton universality
violation (LUV)

tests ﬁ

Tension with 03
SM at = 30

e e~
————
T ———
————
————
e e ——

LEPTON UNIVERSALITY VIOLATION (LUV)

arXiv:2206.07501

0.4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

R(D*)

‘ Prelim. 2023 \

0.35

Ay* = 1.0 contours

BaBarl2

LHCb23 C

\l-F‘\B‘e‘lJel()

v LHCb22

R(D) =0.298 £ 0.004
R(D*) =0.254 £ 0.005

025 B —
[ Bellel? RD 94 (2016) 094008 ]
B PRD 95 (017) 115008 World Average .
0.2 =  $HFLAV SM Prediction  JHEP 1712(2017) 060 R(D) = 0.356 £0.029, —

PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2,74
I PRD 105 (2“32'1!345“3
L1 1 L1 1

R(D*) = 0284 +0.015,,,

p=-037
P(y3) = 25%

0.2 0.25

Tagged B — D*lv at Belle Il

Tagged B — Xlv at Belle Il

0.3

0.35

0.4

R(D")

R(X)

0.55
R(D)


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: R(D*) =

L

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

arxiv:2401.02840, submitted to PRD

LUV TESTIN B — D*lv AT BELLE Il

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 mass of undetected neutrinos M/ s =
(pe+e—_PBtag — pp* — p1)? and residual energy in the calorimeter Egcy.

o]
o

Candidates / Bin
3

40|

......

D*—D’x*

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

Belle Il Preliminary —e— Data ]
[Lat=18031" EED*Tv

[ p*iv

Bl D**i(t)v
[ Hadronic B d
B Fake D B
[] Other BG i
Fit uncertainty |
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— Reconstruct B — D"lvand B » D*Tv to measure:

- With D*t - D+7+/0 D*0 5 pOx0 and 7 - lvv

arxiv:2401.02840, submitted to PRD

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

— Extract signal with 2D fit to mass of undetected neutrinos M2 s =
(pe+e——thalg — pp* — p1)? and residual energy in the calorimeter Egcy.

40

Candidates / Bin

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

D*—Dx*

I 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

Updated
R(D™) — B(B = D*tv)
(D7) = B(B — D*lv)
=+ Reconstruct D in 11 modes
—Fo R(D*) = 0.26213941 (stat) 9935 (syst)

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

*****

12 14 16 18 2

0 02 04 06 08 1

EgcL(GeV)

Consistent with SM
prediction and previous
measurements
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arxiv:2401.02840, submitted to PRD

UN.VERS.TAT% LUV TESTIN B — D™lv AT BELLE II

arXiv:2206.07501

0.4 1 1 I 1

Vamn 1 1 1 1 1
*Q A 63% CL tontours -
a) -
a4 — Moriond 2024 Belle® BaBar -
035 LHCb* —_
B llell -
03 —_

025
- World Average -
0.2  4HFLAV SM Prediction R(D) =0.344 +0.026, —
- R(D) = 0.298 +0.004 R(D*)=0.285 +0012,, -
- R(D*) =0.254 +0.005 p=-0.39 -
_ I I I P(y2) = 29% -
0.2 0.3 04 0.5

R(D)


https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/r_dtaunu/winter2023_preliminary.pdf
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, submitted to PRL

Belle II Preliminary /ﬁ dt=189fb™!
M2 €(1,23]| M2, €(2.3,4]| M2, €(4,6] B X[r—ew]y
s . . B Xev

[ BB Background|:

B Continuum

#22% MC tot. unc.
¢ Exp.data

Ml’%liSS € (6’ 8] Mr%)iss >8

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™)

JHEP (2022) 7
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https://link.springer.com/article/10.1007/JHEP11(2022)007
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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 |

Many more results:

» Differential distributions of B —» D*lv

x Phys. Rev. D 108, 012002

* Angular coefficients of B — D*lv
L - arXiv:2310.20286
= J « BFsof B » DWr(n)lv

Phys. Rev. D 107, 092003

Belle

LUV measurements:

— LU challenged using exclusive and inclusive
modes

- Making advances in understanding
backgrounds

* Test of LFU with inclusive R(Xe/,,)
Phys. Rev. Let. 131, 05184
* |Vg| from untagged B® — D*lv Thank you

Phys. Rev. D 108, 092013 for your
B - D*lv angular asymmetries @ attention!

Phys. Rev. Let. 131, 181801

Belle || =———==
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.181801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012002
https://arxiv.org/abs/2310.20286
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092003
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- 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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- 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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Belle Il Preliminary

1 pilnu HFLAV

inclusive HFLAV
rholnu [2104.05739v2]

total LQCD

total LQCD + LCSR
electron LQCD
electron LQCD + LCSR
muon LQCD

muon LQCD + LCSR

o B-nity
o Bt- p%*y,

total LCSR O

electron LCSR ®

muon LCSR <

2.0 2.5 3.0 3.5 4.0 4.5
|Vub| (103)

Table VIII: Summary of fractional uncertainties in % on

the extracted |V,;| values.

B 5 ¢ty

BT o pO£+Vg

LQCD

LQCD 4 LCSR LCSR
Detector effects 0.64 0.24 0.44
Beam energy 0.05 0.03 0.09
Simulated sample size  1.51 0.78 1.41
BDT efficiency 0.31 0.21 0.28
Physics constraints 0.61 0.43 0.88
Signal model 0.38 0.13 0.41
p lineshape 0.26 0.21 0.13
Nonres. B — nmly, 0.43 0.11 1.97
DFN parameters 0.64 0.32 0.88
B — X, fv, model 0.61 0.40 1.56
B — X fv; model 0.51 0.43 0.50
Continuum 2.39 1.37 4.91
Total systematic 3.26 1.91 5.33
Statistical 231 1.82 3.76
Theory 4.83 4.29 8.15
Total 6.40 5.13 10.34
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Table VI: Measured central values of |V,,;| and the BCL
form-factor coefficients with total uncertainties from the

fits to the BY — 7~ ¢*v, spectrum.

Table VII: Measured central values of |V,,;| and the BSZ

form-factor coefficients with total uncertainties from the
fit to the BT — p°¢* v, spectrum.

BY 5 4Ty, BT — p%Ty,

LQCD LQCD + LCSR LCSR
V| (1073) 3.93 + 0.25 3.73 + 0.19 [Vas| (107°) 3.19 £+ 0.33
by 0.42 £ 0.02  0.45 £ 0.02 NG 0.27 + 0.03
f+(¢®) b7 —05240.05 —0.52 + 0.05 H(e) s 0.34 + 0.13
by —0.81+021 —1.02+0.18 N 0.29 + 0.03
> B 002 £025 059 £ 0.02 A2(T)  ya, 0.66 + 0.17
Jol@) 49 ~1.43 £ 0.08  —1.39 + 0.07 Y 0.33 + 0.03
X2/udf 8.39/7 8.36/7 V&) v 093+ 017
X2 /ndf 3.85/3
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TABLE III. Summary of the central value (R), statistical,
and systematic uncertainties for the ratio of partial branching

fractions. The uncertainties are given as relative values on the 4 )
central value in percent. Ml ' -8 L L DL AL L R L D L L L - =
1 . 2 =
R x 100 1.96 () 4.6 Exclusive [V A= LOTontours
Stat. Error (Data) 8.4 i . P Inclusive
— —
B(B = =/n/p/w/n'tv) 0.2 _ Exclusive |V | -~
FF(B — n/n/p/w/n'tv) 0.3 = 4.4 ub -~
BF(B — z.(v) 0.6
Hybrid Model (BLNP) 0.5 > 4.9 Vol Vel PR
DFN (mgN, a®%) 5.0 . -
Nyoss 1.3 HFLAV&/erage
B(B — D) 0.1 4 PR -
B(B — D*tw) 0.8 PR 1 . _ -
B(B — D" tv) 0.3 3 8 - ——=
B(B — D™niw) 0.2 il - . -
B(B - D™ rriw) 0.2 = - .
FF(B - Dv) 0.2 3.6 -
FF(B - D*tw) 0.9 = -
FF(B — D**tv) 0.4 C_ - —
Sec.Fakes. Composition 3.8 3 ‘4 - - - ) P -
In-situ ¢> Calibration 2.8 - - -
/1D Efficiency 0.1 3 _2 — - .
¢ID Fake Rate 0.3 - -
KrID Efficiency 1.1 3 = ]
K=ID Fake Rate 0.7 = -
K2 Efficiency 0.2 C 2021 .
WTrSIOWklEﬂiCiency < 8} 2_8 = P(XZ) =8.9% -
ackin, . = -

Continugum Calibration 0.4 PR SN TN N ST S YT S A S S T S AT T S T N
Noo <01 36 38 40 42 44
f+/0 < 0‘]. 3-
Stat. Error (MC) 2.8 |V | [1 0-
Total Syst. 7.9 cb J




UN.VERS.TAT& SIMULTANEOUS |V, | SYSTEMATICS

Sources

Tagging efficiency
B —» X,£v modelling

B - X.Zv modelling

B — X, Zv modelling

Fragmentation

B - X v modelling

Exclusive mode (B — nfv)

Relative Syst. Uncertainty

Inclusive mode A%(B — X, v)
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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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Table VIII. Summary of systematic uncertainties on R(D™).

Source Uncertainty
PDF shapes tg:é‘;’
Simulation sample size t;:g‘;z
B — D**{~ v, branching fractions Fa8%
Fixed backgrounds tgzg‘;z
Hadronic B decay branching fractions ’_Lg }Z’)
Reconstruction efficiency tg:gé
Kernel density estimation tg-_ggz
Form factors ig:»’{‘gg
Peaking background in AMp~ fg:i‘;z
T~ — £ v, branching fractions Ho-2%
R(D™) fit method ig:i';z
Total systematic uncertainty ﬁg:g;},
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Table I: Relative statistical and systematic uncertainties

on the value of R(X, ;). t = with expected SM contributions of Dy, X, removed
: | 68.3% CL contours
Source Uncertainty [%)] 0351 o
e L ¢ : Preliminary
Experimental sample size 8.8 12.0 7.1 0301
Simulation sample size 6.7 10.6 9.7 £
Tracking efficiency 2.9 3.3 3.0 9/
Lepton identification 2.8 5.2 2.4 R 0.5 |
X v Mx shape 1.9 6.8 7.1 '
Background (p,, M x) shape 5.8 11.5 5.7 ,
X/{v branching fractions 7.0 10.0 il i
X Tv branching fractions 1.0 1.0 1.0 0.20F
X.7(£)v form factors 74 8.9 7.8 '

Total 18.1 25.6 17.3




