Lepton flavour and new physics

- Standard Model: leptons behave equally Standard Model of Elementary Particles
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The LHCDb detector
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352

A wealth of results

- Large amount of LHCD rare decays publications
- Decay rates are consistently low

- Should we get excited? Niels Tuning, Nikhef Seminar, 8 May 2020
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_RD.html
https://indico.nikhef.nl/event/2253/material/slides/0.pdf

o X=K'=B"»K'e'e,B"»Kuu
e One region of g*: central (11 < g* < 6.0 GeV?/c?

e Run 1data (2011-2012) + Run 2 data (2015 - 2016)

o Twice as many B"’s as the previous measurement [PRL 113, 151601]

R(K) [PRL 122 (2019) 1918011

® \arious cross-checks performed:

O rJ/LIJ is flat for a number of reconstructed variables.

ryp = 1.014 4 0.035(stat + syst)

O
. R\P(QS) = (0.986 + 0.013(stat + syst)
> R(K) compatlble with the SM expectation at 2.50:

[PRD 86 (2012) 032012], [PRL 103 (2009) 171801], [arXiv:1903.01848]
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B'— K'p*e” [PRL.123 (2019) 241802}

e Run 1 analysis, using B" > K'J/P(~> u'Ww) as normalization & B" > K'J/P(-> e’e) as
control channels

o Assumes a uniform distribution of signal events within the phase space
o Most significant background: partially reconstructed B* decays (vetoed)
o Two BDTs for combinatorial background & bkg from partially reconstructed b-hadron decays

e Nosignal excess found, upper limit @ 90% (95%) CL:
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> 1 order of magnitude improvement BB K'tre’) BB K'ie)
> Systematics dominated by simulation corrections
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https://indico.nikhef.nl/event/2253/material/slides/0.pdf
https://agenda.infn.it/event/25022/contributions/130214/attachments/79891/104059/Stangl_21-03_LaThuile.pdf

B -> mu mu - latest results

- B-decays to two leptons are an ideal laboratory to search for new physics

- Full LHCb Run1+2 analysis of Bs) — utu presented

BBy > ptp™) = (3.097 935 01

- Strong limit on B; = utu-
- First search for B; = utuy (ISR)

- Most precise measurement of
Bs = utu effective lifetime

- Looking forward to CMS and Atlas
full Run1+2 dataset results!
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Phys. Rev. Lett. 124, 211802 (2020)
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- 5.0 fb-1 dataset

- Main challenge: electron Bremsstrahlung
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- Bs — mumu status and prospects - LHCP 2021, Paris (Virtual), 08-06-2021

B(s) —> T

Phys. Rev. Lett. 118, 251802 (2017)
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- 3.0 fb-1 dataset
- Main challenge: Tau reconstruction (3r)
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https://doi.org/10.1103/PhysRevLett.118.251802
https://doi.org/10.1103/PhysRevLett.124.211802
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Combinations

Model independent fits to O(170) measurements
- CoNP deviates from 0 by > 40
- Many independent fits seem to favour CoNP = -1

- Vector Leptoquarks? Z'? —> Many models! (see e.g. talk by Geng CHEN, ICHEP 2018)
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https://arxiv.org/pdf/1903.09578.pdf
https://indico.cern.ch/event/686555/contributions/2982767/attachments/1680903/2700455/Angular_analyses_at_CMS_ICHEP_2018_07_05.pdf
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.015045

