Recent Reslil

Christian Wessel on behalf of the Belle Il collaboration
ISMD 2022, Pitlochry, 02.08.2022

christian.wessel@desy.de

HELMHOLTZ



The SuperKEKB collider

SuperKEKB located at KEK in Tsukuba, Japan

o Asymmetric e*e- collider with Vs = Myus (10.58 GeV)

e e @7GeV,er@ 4 GeV

* Y(4S) mostly decays into two B-mesons — B-factory

* Target instantaneous luminosity: & = 6¢10% cm™s™
(current WR: 4.7¢103% cm=2s1)
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The Belle Il experiment

Intensity frontier experiment KL.and muan fetector:

* General purpose 4n detector

* Sub-detectors for Bl Ewsictorm it
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Measurements of |V_|and |V |
using semileptonic B decays



The |V_|-|V | puzzle

Longstanding discrepancy between exclusive and
inclusive measurements

« For|V_[x103:
— Inclusive: 42.19 + 0.78
— Exclusive 39.10 + 0.50
« For|V,|x103:

— Inclusive: 4.19 + 0.12

- Exclusive: 3.51 £ 0.12

* Constrain CKM unitarity triangle

s 4

HFLAV, arXiv:2206.07501
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https://arxiv.org/pdf/2206.07501.pdf

Untagged measurements of |V _ | and |V_|

No reconstruction of tag B-meson
e |V_|via B, D¢tv C=e, W

« |V, |Via B, =TtV C=e, W

« Challenge: continuum background and charm decays for |V | measurement

Untagged approach
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Hadronlcally tagged approach
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Untagged measurement of |V _ |

Analysis overview:
« B°-D ¢v, with D - K* 1" Tt" and
B* —» D° ¢* v, with D° - K- 1t*  (+ cc. in all cases)

e Reconstruct kinematic variable w

2 2 2
w:"m,B—l—'m,D—q

2mpmp
e Fit cosGBY distributions in 10 bins of w to measure

differential decay rates

* Fit form factor to partial decay rate spectrum to
measure |V_|

dI’ G?
a(B — Dly)) = 487?3 (m,b+m,D)2m.3DnE1,.1_,-r|V;b|2(w2—1)3’/2g(u:)
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Untagged measurement of |V _ |

* New result: |Vcb| = (38.53 + 1.15) x 103 (error: stat. + syst. + theo.)
* Branching ratios:
- B> De'v:(1.97+£0.04 £0.08) %, B°—> D p* v, (2.02+0.04 £0.09) % (PDG: B® - D ¥ v, (2.24 £ 0.09) %)

- B*—>D%e"v_(2.17 £ 0.03+0.10) %, B* » D° u* v : (2.19 + 0.03 £ 0.14) % (PDG: B* - D° £ v;: (2.30 + 0.07) %)
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Untagged measurement of |V |

Analysis overview B> m~etv.
_ _ _ _ o Belle Il Preliminary [£dt=189fb1
* Determine partial branching fractions in bins of momentum 6000 f == Signa = xtv 7 M
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Untagged measurement of |V |

« Fitted differential decay width to extract [V | and form factors
dr(B — wlv)  GH|Val?
iy UYLy
* Using BCL parametrisation (phys. Rev. D 79, 013008 (2009)) With

lattice QCD calculation by FNAL/MILC (Phys. Rev. D 92, 014024 (2015))

« |V, @~ mrv)=(3.54£012_ +0.15__+0.16__)x 10~

syst
* Consistent with exclusive world average

. BE- mtv)=(1.421%0.056_ +0.126_ ) x 10~
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https://arxiv.org/pdf/2103.01809.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.014024

Tagged measurement of |V _ |

Differential decay width overview

Belle Il Preliminary [cdt=189.3fb!

25F
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[ W= Background
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L § Data

Using the new and efficient Belle Il tagging algorithm:
Full Event Interpretation (FEI) (arxiv:1807.08680)

Signal extracted by fitting missing mass squared distribution
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Fitted to extract |V | and form factors
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Lepton flavour universality test using
semileptonic B decays



R(D)-R(D*) puzzle
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Analysis goal

Complementary tests of LFU via inclusive B decays:
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B(B — XTv,)
B(B — Xly)

One of the unique and high profile goals of Belle Il

R(XTfE) —

Last measurements at LEP (2001)

Challenging due to larger background from less constrained
X system

Critically relying on precise modelling of B = X £ v,

X — ... processes

Probe inclusive B = X £ v modeling in data driven way

Test LFU for light leptons as a first step for the R(X) analysis

B(B — Xev,)
B(B = Xuv,)

R(Xﬁj,u.) —

Incl. SM Pred.
= LEP b — X7
i+ D + D* HFLAV Av.

11

2.0

——
212 2?4 iji 218 3.IU 312 3.Ifl
B[B - X,1v] (%)
R(X_,)ey = 0.223 + 0.004

Phys. Rev. D 92, 054018 (2015)

R(X,,)ey = 1.006 + 0.001

K. Vos, M. Rahimi, in progress

Published exclusive predictions:

Eur. Phys. J. C 81, 984 (2021), arXiv:2206.11281,
arxiv:2207.03432
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054018
https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
https://arxiv.org/abs/2206.11281
https://arxiv.org/abs/2207.03432

AnaIySiS Strategy Belle II Preliminary [ £dt =180~
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Measurement of the A*c lifetime



A*_lifetime
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Measurement of the Q. lifetime



Motivation

Q_was believed to be the shortest lived singly charmed baryon

* LHCb measurement recently changed the lifetime hierarchy

7(Q)) < 7(BY) < 7(A)) < 7(E)) = 1(BY) < 7(A)) < 7(Q)) < 7(E))

* No other experimental cofirmation of the LHCb results

- We provide an independent measurement from Belle Il
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Results

L r Belle II preliminary
. . . 50:— J.Ldt:ZOT fb™!
* ~90 signal candidates are reconstructed in the decay 2 ol e
> - e { Data
= SRk ‘
Q? > Q 7t Q- Ak~ AV > pr~ e — Fi
; 30 — Background
— Background contamination in signal region: 33 % =
S

: 2{);— ‘} { +
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10 (= Rl
: AR

* First Belle Il lifetime measurement with complex decay topology . Yk
2.6 2.7 2.8
— Two secondary decay vertices m(Q ) [GeV/c?]
S e e e e e
* (Preliminary) Belle Il result: i Belle IT preliminary |

Signal region |

7(QY) = 243 + 48(stat.) £ 11(syst.) fs

+ Data
— Fit

<
5

« The Q_is not the shortest-lived singly charmed baryon

— Background -

Candidates per 80 fs

— Consistent with LHCDb result, in tension with pre-LHCb result at 3.4 o

Demonstrates the capabilities of the Belle Il detector! 't
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CP violation measurement



CP violation in B° - 3 K° decays

Unique sensitivity with Belle Il

— Vertexing is challenging
* Signal extraction fit with 3 variables:

- M,., invariant mass M, CS classifier
« X° K, isrejected

* Main background comes from random combinations of tracks
from e*e” - uu, dd, ss, cc events

— Suppressed with multivariate method
« Analysis validated with B* - K* K°_ K°%

Scp= -1.86 "7} 4 (stat.) +0.09 (syst.)

Acp =-0.22 +OL§%7 (stat.) £ 0.04 (syst.)
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Conclusion



Conclusion

* Belle Il physics program has started successfully

« Exclusive |V | measurements compatible with current world average

 Measurement of lepton flavour universality using semileptonic B decays with world leading precision

« Most precise measurement of the A*_lifetime

« Can confirm the LHCb measurement for the Q_ lifetime

* Belle Il is competitive with ~190 fb-* — by now ~420 fb* recorded

- Nearly as many data as Babar (434 fb-1 on resonance for Babar vs 380 fb-1 on resonance for Belle II)

— Many more measurements with world leading precision about to follow in the next years!

More recent results shown at ICHEP are linked in the backup
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Thank you



Backup



ICHEP presentations
Belle I

* T. Koga: Recent Belle Il results on the CKM parameters |Vcb| and |Vub|

H. Junkerkalefeld: Recent Belle Il results on semileptonic decays and tests of lepton-flavor universality

N. Nellikunnummel: Measurements of charm lifetimes at Belle Il

C. La Licata: Recent Belle Il results on decay-time-dependent CP violation

J. Skorupa: Recent Belle Il results on hadronic B decays

F. Tenchini: Recent tau-lepton results at Belle Il

E. Ganiev: Recent Belle Il results on electroweak penguins

Q. ji: Recent quarkonium results at Belle Il

E. Graziani: Recent dark-sector results at Belle Il
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https://agenda.infn.it/event/28874/contributions/169307/
https://agenda.infn.it/event/28874/contributions/169348/
https://agenda.infn.it/event/28874/contributions/169342/
https://agenda.infn.it/event/28874/contributions/169336/
https://agenda.infn.it/event/28874/contributions/169326/
https://agenda.infn.it/event/28874/contributions/169331/
https://agenda.infn.it/event/28874/contributions/169346/
https://agenda.infn.it/event/28874/contributions/168988/
https://agenda.infn.it/event/28874/contributions/169096/

ICHEP presentations

Belle

* K. Smith: Branching fractions and CP asymmetries in B decays through b — c processes at Belle
* (. de Marino: Search for baryon-number-violating and lepton-flavor-violating decays at Belle

* M. Prim: New results for semileptonic B decays from Belle

K. Kang: Radiative and electroweak-penguin B decays at Belle

A. Sangal: Study of Branching fraction and CP Asymmetry of charm mesons at Belle

* G. Pinna Angioni: Study of charmonia and bottomonia at Belle

K. Uno: Tau physics at Belle

J. Chen: Two-Particle Correlations of Hadrons in e+e- Collisions at Belle
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https://agenda.infn.it/event/28874/contributions/169309/
https://agenda.infn.it/event/28874/contributions/171425/
https://agenda.infn.it/event/28874/contributions/169334/
https://agenda.infn.it/event/28874/contributions/169322/
https://agenda.infn.it/event/28874/contributions/169338/
https://agenda.infn.it/event/28874/contributions/169008/
https://agenda.infn.it/event/28874/contributions/169344/
https://agenda.infn.it/event/28874/contributions/168969/

Contact

Deutsches Elektronen- Christian Wessel

Synchrotron DESY Belle I
christian.wessel@desy.de

www.desy.de
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