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V.| & |V,,| MEASUREMENTS

* SL B decays are studied to determine the CKM elements |V ;| and |V ;|

= |V,p| are limiting the global constraining power of UT fits £t
= Important inputs in predictions of the SM rates for ultrarare ”
i

decays such as K — mvv w+ T
Vcb

L=
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~ k*, * Determination of both [V| &
|V..p| exhibit a discrepancy at

"~ exclusive (from a single final
state) and inclusive (sensitive to

Experimentally clean
Theoretlcally challenging

the level of = 3 0 between

all final states)/

a

2.8

The current experimental focus is on

understanding the origin of this discrepancy, as this
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inconsistency limits the power of precision flavor physics
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Belle Il Online luminosity

/ Nearly 41 coverage to
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(and near) E,,, = 10.58 GeV  ~ \;elit;)l(l ;‘flsolution
(resonant Y(4S) production)

« [Ldt=424fb! ontape
(similar to BaBar’s dataset)

" Ky and p detector:

* pidentification: 2 — 1 %
7, K fake rate at €, = 95 %

[Central Drift Chamber:

> prresolution = 0.4 %
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B-MESON FLAVOR TAGGING

ﬁ Efficiency_
#Information’ Purity M / Signal Side \
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Hadronic Ta e 27
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€ = 0(100%) € = 0(1%) € = 0(0.1%)
Only approximate Rough knowledge of By, Exact knowledge of
kinematical information kinematics (missing v) Biag kinematics
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b \ /W,,

NEW { _7 e Y (48) 1 >‘1in ‘
« Challenging due to lack of clean kinematic signatures and °" Meriond.

missing knowledge of the By, direction A\
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NEW =, yes(gr _ k-
« Challenging due to lack of clean kinematic signatures and " Meriond. | ;D°¢
missing knowledge of the Bsig direction AL @8 -
|V .| extraction and decay parametrization
d4r 2 2
dw d cos 6, d cos 6y, dy o [Vep|™x F* (W, cos B, cos By , )

3 form factors as functions of w
parametrize the non-perturbative physics

Neutrino
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cb

NEW : 7 ... y(45).‘30’ - }*’.
. . . for Moriond™ = - 0N -
e Challenging due to lack of clean kinematic signatures and 2y P
.. . . { L
missing knowledge of the B;, direction - e\

|V cp| extraction and decay parametrization
d*r Recoil parameter w =

o« |Vop|*% F2(w, cos 8,,cos Oy, x)

2 2 2
mg+mp«—q

ZmBmD*

dw d cos 8, d cos 6y, dy

3 form factors as functions of w
parametrize the non-perturbative physics

The Bg;g direction is estimated in a novel approach using
* The known angle cos Ogy between the BgjgandtheY = D* + ¢

2EF™ Ey™ —mBct-mZc*
cos Ogy =

2|ﬁlc;.m.||ﬁ1c(.m.|cz Neutrino
* inclusive information of the untagged event side

 the angular distribution of Y(4S) — BB w.r.t. the beam axis
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NEW

for Moriond

The yield is extracted in 10 (8) bins of w, cos 8,, cos 8,
and y by fitting cos gy and AM = Mp+ — M),

Belle Il Preliminary
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https://arxiv.org/abs/hep-ph/9509307

NEW

for Moriond
cb

BGL truncation order determined by Nested Hypothesis Test

Values Correlations XQ/ndf Belle Il Preliminary [rdt=189b"" Belle Il Preliminary [rdt=1890"
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i 3 = @ 14r 4
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* In good agreement with exclusive and inclusive world averages

» FNAL/MILC predictions!'! of form factors beyond zero recoil probed but found to be in
tension with fits at exp. favored BGL order. Suggested |V, | value only shifts slightly.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.013005
https://doi.org/10.1103/PhysRevD.89.114504
https://link.springer.com/article/10.1140/epjc/s10052-022-10984-9

/ Signal Side \

+
Untagged e 7 v
\Z; e
ub K
> A A7

i ? \_y(4s) 0’
* Challenging due to low branching ratios, large backgrounds and K

lack of clean kinematic signatures

* Backgrounds suppressed using BDTs, B, direction derived inclusively

« The differential rates in 6 bins of g% are determined in a fit to M, vs. AE

B -»mn etve BO-»mnetve
. - _ A = — -1
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https://arxiv.org/abs/2210.04224

arXiv:2210.04224 (~ signalside ™\

Vupl: B > m~£Tv UNTAGGED ==

|V.,p| is determined in fit to BCL expansion ,/Qf’”/ @
Phys. Rev. D 82, 099902 Belle Il Preliminary
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3 L5 L L L IR I IR B
R — 10 | LQCD input from FNAL/MILC
T 10f — 20 Phys. Rev. D 92, 014024
() B E
S — 30 |
.\zo.s:— 3 l
2 1 IVupl = (3.55 £ 0.125%" + 0.13%5t £ 0.17he°)x 103
S 0.6 —
Lo 1 (98 (B® > = ¢*v) = (1.426 £ 0.0563 + 0.125%5t)x10~*
5 oaf -
@ [ :
[ 02} 3
° I )

0'0—1(1)""EI>""1|o'"'1|5"“2|0”"2|5 -

q? [GeV?]

« Experimental uncertainties dominated by ete™ —» qq and B —» p£v modeling
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https://arxiv.org/abs/2210.04224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.014024
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https://arxiv.org/abs/2301.04716
https://arxiv.org/abs/2210.13143
https://inspirehep.net/files/da2bc1d559066a4f8e43624174e01094
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://arxiv.org/abs/2205.06372
https://arxiv.org/abs/2206.08102
https://arxiv.org/abs/2210.04224

* The universality of the lepton coupling, g, (¥ = e, u, 7), to the
electroweak gauge bosons can be probed

= Lepton universality (LU) is challenged by several current
measurements. Deviations wouldbea 4+ S —
clear sign of BSM physics
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NEW \ /
for Moriond v -7

* Light lepton universality tested by measuring a complete set |
of five angular asymmetries of e and u, A4, = A —A, [ ) N\ ‘
using B — D*~£*v decays.

./

Apg(w):dx = d(cos 8, )

dX ZmBmD*

dry [ ! dr . mp+m? . —q?
A(w) = (—) f —f dx Sz;(w) :dx =d(cos2y) Recoil parameter w = ——2—
dw 0 . d
_|_

* The simultaneous determination of all asymmetries in
different w ranges is performed

*

{<—®--->V e D*

zero recoil \ Wiow Whigh max. recoil

| ]
i . |

Wi w
1.0 incl. 4 575 15

Neutrino
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ST X
or orion
\7 |

e The signal yields are extracted through a binned - ;,\,@g
. . . . . . . A.L\ r Y D~ -
maximum-likelihood fit to M2; . distributions ; 4\\ A\ T,
1000 Belle Il Preliminary fLdt=189fb~!
¢ Exp Data | _ Uncertainties
I Signal : imi Edt - 189 fb 1 . e .

500 |- B Background : Belle Il Preliminary statistically dominated
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€3] ——

77/, Belle (2023)
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» No evidence of lepton universality violation AA= A» — 4¢

found
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https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
https://arxiv.org/abs/2301.07529

e Challenging to model & control miscellaneous backgrounds

e Same flavor B pair used as background-enriched control .
Belle IT Preliminary [ £dt = 189fb~!

sample, high momentum cut to suppress backgrounds — X0 B
12500 F 1 e: Background u: Background [
. . . . E - Continuum : Continuum [
« Signal extracted in simultaneous fit on the lepton 2 1o 57 NC fot. unc "MC tot. . :
. B o Data ,,A_.rv-:-'v-*l'" Data
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https://arxiv.org/abs/2301.08266

e Challenging to model & control miscellaneous backgrounds

e Same flavor B pair used as background-enriched control .
Belle IT Preliminary [ £dt = 189fb~!

sample, high momentum cut to suppress backgrounds — X0
12500 F C—1 e: Background p: Background [
. . . . El - Continuum : Continuum [
« Signal extracted in simultaneous fit on the lepton 2 1o 57 NC fot. unc "MC tot. . :
. B - Data ,,,m—--’--*l'" Data
momentum in the Bg;, rest frame, p, . SR S L.
Preliminary 2z ) L
§ 5000
2

R(X.;,) = 1.033 £ 0.0105%" + 0.019Ys*

* Most precise BF based lepton universality test in
semileptonic B-meson decays to date

1
O
o O OO
T T 7T
[ ]

residuals

8
E % ool
o
[ [ [ Z
* First inclusive measurement [ P CrT— ] 1.4 1]963 [Eivfcjo 71.4 1}9% [é’ivfcjo 2.2

e Syst. unc. dominated by lepton ID | SM!"! within 1.2 &

March 28, 2023 | Henrik Junkerkalefeld

pf > 1.3 GeV!
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https://arxiv.org/abs/2301.08266
https://link.springer.com/article/10.1007/JHEP11(2022)007

Belle II’s full coverage + constrained BB production enables unique kinematic control of
semileptonic B-meson decays despite the neutrino(s)

The long-standing discrepancy between exclusive and inclusive determinations of [V ;| & |V |
limits our understanding of these fundamental parameters

Belle Il is trying to resolve the situation by

= Probe existing analyses on independent data sets with improved experimental tools

= Addressing potential issues in previous analyses like form factor dependence or slow pion
tracking

Lepton universality is challenged by several measurements

= Already with half its current dataset, Belle Il is able to provide world-leading and unique
measurements to probe LU
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LQCD input only used for normalization at zero recoil (w = 1):

BGL truncation order determined by Nested Hypothesis Test

Preliminary Values Correlations X2 /ndf
do x 10 0.8940.05 1.00 0.26 —0.27 0.07

bo x 10> 0.544+0.01 0.26 1.00 —0.41 —0.46

5 40/31

by x 10° —0.44+£0.34 —0.27 —0.41

1.00 0.56

& x 10° —0.05+0.03 0.07 —0.46 0.56 1.00

V| = 40.9 + 1.2
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Belle Il Preliminary

[cdt=189.3fb"1
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0.5¢t L L L s
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w
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x 12}
1.1
1.0
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w
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12
~ 1.1F
s } }
<
[:3
1.0F
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w 21


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.013005
https://doi.org/10.1103/PhysRevD.89.114504

LQCD input only used for normalization at zero recoil (w = 1):

BGL truncation order determined by Nested Hypothesis Test

Preliminary Values

Correlations

X2 /ndf

o x 10°  0.8940.05
bo x 10 0.5440.01

by x 10° —0.44+£0.34 —0.27 —0.41

1.00 0.26 —0.27 0.07
0.26 1.00 —0.41 —0.46

1.00 0.56

& x 10° —0.05+0.03 0.07 —0.46 0.56 1.00

40/31

V| = 40.9 + 1.2

FNAL/MILC predictions of h,

Preliminary

Values

Correlations

V| x 10° © 40.44+1.27 1

—0.31 —0.57 —0.1

0.02 —0.26

ag X 10°  22.0+1.4 —031 1 0.27 0.1 -0.18 0.31
bo x 10° 13.24+0.2 —-0.57 027 1 —0.18 0.13 —-0.12
by x 10° 9.0+14.5-0.1 0.1 -0.18 1 —0.88 0.52

by —-0.5+04 0.02 -0.18 0.13 —0.88 1 —0.36
c; x10°  —0.74£08 —0.26 0.31 —0.12 0.52 —0.36 1

FNAL/MILC predictions of h4 , R1,and R; atw = 1.03,1.10,1.17:

Preliminary

Values

Correlations

[Vip| x 10° 14004127 1

—0.16

0.02 —0.09 —0.61 —0.17 0.1

aox10°  283+1.0 —0.16 1 —0.08 —0.19 0.17 0.12 —0.03
a; x 10° —31.5+66.6 0.02 —0.08 1 —0.85 —0.04 —0.07 0.11

as —5.8+2.5 —0.09 —0.19 —0.85 1 01 01 -013
bo x 10° 13.3£0.2 -0.61 0.17 —-0.04 0.1 1 0.11 -0.13
e x10° —32+14 —0.17 012 —0.07 01 011 1 —09
cp x 10° 59.1+31.1 0.1 -0.03 0.11 —-0.13 -0.13 -0.9 1

 atw=1.03,1.10,1.17:

V| =40.4 +1.2

V.| =40.0 + 1.2
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[cdt=189.3fb"1
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Inclusion of ha, (w)

Inclusion of ha, (w),

R1(w) and Rz (w)
@ Lattice data

0 1.1 1.2

Belle Il Preliminary
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1

L L
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.0 11 12

Belle Il Preliminary

w

1.3 1.4 1:5
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.013005
https://link.springer.com/article/10.1140/epjc/s10052-022-10984-9
https://doi.org/10.1103/PhysRevD.89.114504

B? - D* ¢ty
Relative uncertainty (%) Preliminary
i by b &
Statistical 3.3 0.7 448 354
Finite MC samples 3.0 0.7 394 33.0
Signal modelling 3.0 04 40.0 30.8
Background subtraction 1.2 0.4 24.8 18.1
Lepton ID efficiency 1.5 03 3.1 25
Slow pion efficiency 5, 18.4 22.0
Tracking of K, w, ¢ 05 05 06 0.5
Ngg 0.8 08 11 08
fi_/f00 1.3 (1.3 1.7 1.3
B(D*t = D°z™) 04 04 05 04
B(D® - K~ n™) 04 04 05 04
B lifetime @i ol @2 od
Total 6.1 2.5 783 64.1
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B > ¢ty

Systematic uncertainties on the yields (%)

Preliminary
Source B’ > metu, B’ > 7r_,u+1/M
ql q2 q3 q4 g5 g6 ql q2 q3 q4 g5 qb6
Detector 1.2 1.0 1.1 14 23 24 23 32 33 12 19 3.8
MC sample size 4.0 2.0 24 28 3.9 56 3.9 2.0 2.3 2.7 34 438
Continuum 13.1 5.5 4.4 7.8 10.5 33.9 53.3 88 3.2 4.5 8.0 11.4]
B — plv 9.5 12.5 9.7 6.9 3.4 12.9 8.7 11.6 8.6 6.3 3.3 14.3
B—-X/4v 33 19 21 21 18 3.7 34 23 20 23 2.1 6.0
B—X/4v 23 30 1.1 0.8 05 24 24 15 1.5 08 05 2.2
Total syst. 17.2 14.3 11.2 11.1 12.0 37.0 53.4 15.2 10.3 8.7 9.7 20.3
Stat. 10.2 6.01 6.86 8.08 10.3 13.2 10.4 6.0 6.4 7.8 9.7 134

Total 20.2 15.5 13.2 13.7 15.9 39.2 54.5 16.4 12.2 11.6 13.7 24.3
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* Light lepton universality tested by measuring a complete set -
of five angular asymmetries of e and u, A4, = A —A, 9

using B - D*~¢*v decays.

noo- () [[-
g

Highly sensitive to lepton 4 S;(w)
universality violation

L S5 (w)
Less sensitive or insensitive to NP. i
. S; (w)
Control tests of the analysis method =
So(w)
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0 d*T
J_l ] W G
——

" Apg(W): dx = d(cos 8,)
:dx = d(cos 2y)
:dx = d(cos y cos 6y)
:dx = d(sin y cos 8y )
:dx = d(sin 2y )

i‘ BO R P Y(4-S) ....... »> BO ) }
. 4 \1 /f/ ‘50 _
£ ,/"" \"\\"/{;
£ D™
l N e~ \,l/,/\,
— \

2 2 2
. mB+m *—q
Recoil parameter w = ——2—

ZmBmD*

Neutrino
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