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Charged Currents

Nl
®

* Exchange of W bosons udy

* Verified mediators of neutrino absorption and emission

* Unambiguous signals of W bosons first seen in UA1 and

UA2 experiments at Super Proton Synchrotron in
CERN((1083)

* b — c¢,d — uetc. Change of flavor B decay

* Belle Il prospects(covered in this talk):

e b —> ¢ anomalies

* Light lepton Universality tests

* | V. | measurement
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SuperKEKB
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SuperKEKB

- 40 times larger luminosity than previous
i generation KEKB
- using nano-beam scheme with a tiny beam

| spot:

.60 nm x10 um x few 100 uminy, x, z

Belle 11

Belle Il detector
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The Belle Il Detector

SuperKEKB collides electron and

positrons *

\/s = 10.58 GeV : mass of Y (4S)

BB pair production with a boost of the

center-of-mass system: asymmetric
collider

B mesons can decay in a number of
ways: prospect for studying a vast
region of particle physics (Precision
studies of B, charm, and tau physics,
QCD and exotic hadrons, searches for
BSM particles etc.)

- EM Calorimeter:

" Beryllium beam pipe

" Vertex Detector
- 2 layers DEPFET +4 |

- KL and muon detector:

Resistive Plate Counter (barrel)

“Séintillator + WLSF + MPPC (end-caps)
h_ R

=

—

ot

Csl(Tl), waveform sam}
 Pure Csl + waveform sa

electron (7GeV)

icle Identification
s '_-of-Propégation counter (barrel)
% . focusing Aerogel RICH (fwd)

2cm diameter

positron (4GeV)

~ Central Drift Cha&!\%
He(50%):C2He(50%), Small cel \_1:345

 lever arm, fast electronics .




The Belle Il Detector

* SuperKEKB collides electron and
positrons

. \/E = 10.58 GeV : mass of Y (45)

ool

* BB pair production with a boost of the
center-of-mass system: asymmetric S GeV
collider e

4 GeV

* B mesons can decay in a number of
ways: prospect for studying a vast
region of particle physics (Precision
studies of B, charm, and tau physics,
QCD and exotic hadrons, searches for £
BSM particles etc.)



Luminosity

Total integrated Weekly luminosity [fb~1]

Belle Il Online luminosity

Exp: 7-26 - All runs

~ Integrated luminosity
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Peak Luminosity [x10°°cm s™']
[,.qel7

Design integrated luminosity 50 ab™!

Total integrated luminosity [fb™!]

'+ Regular data-taking since April 2019

—
-
-

* Current integrated luminosity 424 b~
’ ' Peak luminosity recorded : 4.7 X 10°*cm—1s-1 |
‘ * At present, we have a long shutdown for
I accelerator and detector upgrades, will

resume data taking in late 2023



Light-Lepton Universality Test : R(X,,,) Measurement



Light-Lepton Universality Test : R(X,,,) Measurement

* Excellent sensitivity to potential lepton-
universality-violating (LUV) physics

PNCLES TN
" BB - Xu,) |

* Previous direct searches

* BR ratio in a single exclusive charmed hadron

decay mode [Phys. Rev. D 100, 052007 (2019).] R
'+ Belle I collision data from 2019 and 2021 at a centet- 1
- of-mass energy of \/E = 10.58 GeV, t

* the shapes of kinematic distributions of all
decays to charmed hadrons [Phys. Rev. D 104,

112011 (2021)] '+ Integrated luminosity 189 fb~!, -~ 198 x 10° BB
. . . : airs.
* First measurement of the inclusive branching P
fraction ratio . }* Additional 18 fb~! off-resonance collision data

. . o below the Y (45) resonance, for backgrounds from -"
* The most precise test of e — ¢ universality in continuum processes ete~ — g, where g =u,d;s,

semi-leptonic B-meson decays to date | or ¢ quarks |


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://arxiv.org/pdf/2301.08266.pdf

Light-Lepton Universality Test : R(X,,,) Measurement

[ Tracks j {DiSplaced Vertices J [Neutra,l Clusters J

* X the generic hadronic final state of the
semi-leptonic decay of any flavor of B

meson originating from b — clv or

b — ulv quark transitions

* Tag-side B mesons decay in fully hadronic
modes(FEI)

* Lepton charge requirement:

* corresponds to the charge of a primary @
lepton from the semi-leptonic decay of /R

. NP * MVA based approach
a signal B meson i

(Full Event Interpretation(FEI)

* reconstructs more than 100 explicit
decay channels

* that signal B meson has the opposite
flavor to the tag B candidate

https:/doi.org/10.1007/541781-019-0021-8

Inclusive signal modes 10


https://doi.org/10.1007/s41781-019-0021-8

Light-Lepton Universality Test

: R(Xe/ﬂ) Measurement

Simultaneous binned

B
e

template fits to the p
and p/f spectra

(pZ = momentum of e in B rest
frame etc.)

same charge control channel

Belle 11 [Ldt=189fb™"
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R(X,,) = 1.033 £ 0.010(stat)

Source Uncertainty (%]
Sample size 1.0
Lepton identification 1.9
X. £ v branching fractions 0.1
X_. v form factors 0.2
Total 2.2

Consnstent w1th Standard Model R( e/ﬂ) SM[I] by 1 20 and the excluswe Belle R(D"<

[1] J. High Energy Phys. 11, 007 (2022), [2] Phys. Rev. D 100, 052007 (2019), [3] arXiv:2301.0752Q

( ,M| pl > 1.3 GeV/c) = 1.031 = 0. OlO(stat)
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+ 0.019(syst)
0. 019(syst)
[2],[3]
e/ﬂ) 3 measurement
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https://link.springer.com/article/10.1007/JHEP11(2022)007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://arxiv.org/abs/2301.07529

Light-Lepton Universality Test: Angular Asymmetry




Light-Lepton Universality Test: Angular Asymmetry

Hadronic B tagging(FEI) e

_ " |
« BY - D™I~v channel is used and -
reconstructed exclusively o

i arXiv:2301.04716 |

* First dedicated light-lepton LU test

using a complete set of angular @

Exclusive decay mode

asymmetry observables j \

» designed to cancel most theoretical -

and experimental uncertainties

. highly sensitive to LUV This analysis uses: @
* 16pton universality is tested by e e

comparing five angular asymmetries of
e and u

'+ Belle Il collision data from 2019 and 2021 at a
- center-of-mass energy of \/E = 10.58 GeV,
' Integrated luminosity 189 fb~!, ~ 198 x 10° BB

pairs. |


https://arxiv.org/abs/2301.04716

Light-Lepton Universality Test: Angular Asymmetry

recoil parameter My = B mass /A
Mps = D™ mass
= mi + Mmps — g°c* g = the four-vector of the
2M My« momentum transferred from to the
dilepton system
6, = The angle between the direction of the .
charged lepton in the virtual W frame and the * Due to the Spin of the final-state D *’
W in the B frame much of the properties of the V -A

0, = The angle between the D in the D* coupling and th.e spin of the virtual
frame and the D¥* in the B frame W are encoded in angUIar
distributions of the final-state

y = The angle between the decay planes formed partlcles

by the virtual W and the D* in the B frame * Fully characterized by four
parameters

14



Light-Lepton Universality Test: Angular Asymmetry

* Angular Observable:

aon=(5) [ -/ ]

* theoretically and experimentally clean .
probes of LUV

AA, (W) = AL, (W) — AL (W)

* Most uncertainties cancel

App i X = C0s 0,
Sy x=cosly

dwdx Ss 1 x =cosycost,

§;:x=sinycosb, |
S9 X = SiIl 2)( | ;

* experimental uncertainties cancel in the | D*

, p<—e---»V SS——»——>D" |
asymmetries A v

i D* zero-recoil D* maximum-recoil |

. .. | w Wh;
* hadronic uncertainties in the form | | low high

>
factors, largely cancel in AA | w

W.
1.0 Incl. 4 775 1.5

15



Light-Lepton Universality Test: Angular Asymmetry : Results

Belle II (2023) [Ldt =189 fb~!
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Determination of |V, | using B, — D*+l_171




Determination of |V, |using By = D" 10

* The non-perturbative physics: | | - -

— x|V, |"X|F(w,cos8,cosOy,x)|"
 dw dcosgdcosbydy

* is parametrized by three f form factors as a functlon of

* The neutrino direction is reconstructed inclusively using the
known angle cos 05,, between the B and the ¥ = D* + [ direction

;; 9 ? 2E§ECM —‘m§c4‘—m%c4 |
COS Uy = 2| BGM || M | 2 .

. Signal yields in bins of kinematic variables w, cos 6, cos 0y, and y i+ Bellell collision data from 2019 and 2021 at 2
. center-of-mass energy of \/_ = 10.58 GeV,

ThIS anaIyS|s uses:

are determined bin by bin independently by 2D fits of cos 65y, and

AM = M(D*) — M(D°) *  Integrated luminosity 189 fb™', - 198 x 10° BB
| pairs.




Determination of | V_, | using Bo — D

The non-perturbative physics:

d°T ,
B T ——— X | F(w,cos 8, cos 0y, y) |

is parametrized by three form actors as a functlon of

The neutrino direction is reconstructed inclusively using the
known angle cos 05,, between the B and the ¥ = D* + [ direction

 ARCMpCM _ 2.4 0 4
QESMESM — ch = mYc |

Signal yields in bms of kinematic vanables W, COS el, cos Oy, and y

are determined bin by bin independently by 2D fits of cos 65y, and
AM = M(D*) — M(D")

An example only: done for all the bins, for all the kinematic variables
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Determination of | V_, | using Bo — D

* Bin-to-bin migration is corrected with SVD
(Singular Value Decomposition) unfolding

method [arXiv:hep-ph/9500307]
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https://arxiv.org/abs/hep-ph/9509307
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Determination of |V, |using By — D

Z

o ‘ VCb ‘ Value 1S determlned from Belle Il [cdt=189.3fb? Belle Il [cdt=189.3fb"
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standard-model expectations,

give no evidence for LUV

To be submitted to PRD
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To sum up...

R(X,,,) = 1.033 £0.010(stat) = 0.019(syst)

/u

R(X,,|p} > 1.3 GeVlc) =1.031 £0.010(stat) £ 0.019(syst)

Boyd-Grinstein-Lebed parameterization
| Ve lge = (40903, £ 1.0, +0.6,,,) % 107

stat —

Caprini-Lellouch-Neubert parameterization
V. = (40.4 0.3, £ 1.0, £0.6,,,) X 107

b | BGL stat —

* The results shown in this presentation agree with SM

* No evidence of LUV(yet)
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