BSM searches relevant for
Flavour physics

Vojtech Pleskot, Charles University
On behalf of ATLAS, CMS and LHCb

2.6.2023



LHCb

CMS

ATLAS

*Stable Diffusion artworks



Outline

Excited Vector-like
fermions leptons

Leptoquarks

Z'and W’

.....

=0
‘?{“ 'J.P X

*Stable Diffusion artworks

IREI RN EEEC RN EBEYNEE IR
T 150 ) O I U Y : ;yiiéi T

3 2 4‘-:"? v

i ST LR



General strategy

———————
----Exp.sig M Obs.sig

104 mZ mTop

|Fakes i Other - signal

A Uncert. o Data - estimated with MC

- compare data histogram with
signal+background prediction

3
10 - background

- estimated with MC and/or
5 data
10 S
- test statistic

- profile likelihood ratio
10 .
- exclusion

- when p-value < 0.05 (0.10)




ZH4 WRSTION

Z' and W' s -
® -

&

\

Al'o

B stable Diffusion artworks



Lepton Flavour Violating Z’
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Novel: Top-philic Z' search ATLAS arXiv:2304.01678

Couples to left-handed top quarks
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Z' coupling just to 2" and 3™ generations
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Low-mass yy resonances LHCb arXiv:2007.03923
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- limits on cross-section of the pp—X—pp process imposed in the mass range of [~0.2, 60] GeV


https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-013.html
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Limits on Sequential SM W’

- similar performance of ATLAS and CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-017/index.html

CMS-PAS-B2G-20-012
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-012/index.html
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Other Z' and W'’ searches
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Leptoquarks
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Leptoquark landscape

Pair production o Single production o ~A> DY production o ~ A*
~independent of A

g = q [~
[ - :: q
| _p— 1 [T
[ g q

B +5:xiy:1706.05033, arXiv:1810.10017 1



https://arxiv.org/abs/1706.05033
https://arxiv.org/abs/1810.10017

Leptoquark searches

Pair production Single production
J b t j b

V

0

T

= = excluded by LHC searches within a certain (m, A) range
Limits are mostly at masses of 1 - 1.5 TeV for scalar and 1.5 - 2 TeV for vector LQs
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Interesting motivation for leptoquarks
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New LHCb R(D*) measurement!
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https://cds.cern.ch/record/2857546

New LQ-b-t ATLAS searches
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https://arxiv.org/abs/2303.01294
https://arxiv.org/abs/2305.15962

Novel: non-resonant LQ search! CMS arXiv:2212.12604

q T
- U(1) vector LQ describing R(K*) and R(D*) data searched for
Lo - three different scenarios of LQ coupling to SM fermions
- Mass reach increases rapidly with g !
- touching the region preferred by the R(K*) and R(D*) data!
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Novel at the LHC:;

Dedicated excited t-lepton search
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https://arxiv.org/abs/2303.09444

Excited b-quark search CMS arXiv:2305.07998

1 7 - y+jet resonance search
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-012/index.html

Excited Fermions summary

Limits
[TeV]

e*

t*

V*

b*

t'k

ATLAS arXiv:1906.03204

4.6

ATLAS arXiv:1411.2921

3.0

1.6

CMS arXiv:1811.03052

3.9

3.8

ATLAS arXiv:2303.09444

4.6

ATLAS arXiv:1910.08447

6.7

CMS arXiv:1911.03947

6.3

ATLAS arXiv:1910.00447

3.2

CMS arXiv:2305.07998

3.8

CMS arXiv:1711.10949

1.2

22


https://arxiv.org/abs/1906.03204
https://arxiv.org/abs/1411.2921
https://arxiv.org/abs/1811.03052
https://arxiv.org/abs/2303.09444
https://arxiv.org/abs/1910.08447
https://arxiv.org/abs/1911.03947
https://arxiv.org/abs/1910.00447
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-16-025/index.html
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Vector-like lepton search

4*h generation of fermions
(non-chiral)

Complex analysis with many SRs!
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https://arxiv.org/abs/2303.05441
https://arxiv.org/abs/2303.05441
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-002/index.html

Summary

- Presented: searches for Z', W’,
leptoquarks, excited fermions and
vector-like leptons

- LHC offers very rich search
programme

- No excess have been found, yet

- Stay tuned!
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html

Leptoquark landscape

Pair production o ~ A°

B 5 Xiv:1706.05033, arXiv:1810.10017
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https://arxiv.org/abs/1706.05033
https://arxiv.org/abs/1810.10017

Vector-like leptons

- Muon g-2 explanation: —

- Can explain mass hierarchy of SM fermion generations by mixing

qd

- Production and decays probed
- so far, just couplings to the
T-lepton considered

Gu




