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● New questions arise given mH = 125 GeV

● Numerous reasons for new physics,
but no “no lose” theorem anymore
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After the Higgs Boson Discovery

● Hence conducting a broad new-physics search program,
covering as many signatures as possible
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● Sparticle corrections stabilising mH ට(100 GeV) if mSUSY ට(1 TeV): Naturalness

● Primary target: sparticle pair production
via strong interactions

● Sparticle decays resulting in hadronic jets
and missing transverse energy
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ATLAS Letter of Intent, 1992

Searching for Supersymmetry

SUSY Signal

SM Background
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Supersymmetry
With gluino pair production 
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arXiv:2010.14293
arXiv:1909.03460

● 2010 data significantly extending LEP and Tevatron sensitivity

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/index.html
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Supersymmetry
With gluino pair production 
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arXiv:2010.14293
arXiv:1909.03460

2010 exclusion limit

● 2010 data significantly extending LEP and Tevatron sensitivity
● Run 2 data pushing exclusion limits up to m   ≈ 2.3 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/index.html


Supersymmetry
Driven by naturalness
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● Suspecting mstop ≲ 1 TeV ⇒ squark searches focus on stop
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arXiv:2004.14060
arXiv:2107.10892
LHC Physics Working Groups

H H H H

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-002/index.html
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/WebHome
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● Suspecting mstop ≲ 1 TeV ⇒ squark searches focus on stop

○ tt+MET final state in the bulk of parameter space
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● Suspecting mstop ≲ 1 TeV ⇒ squark searches focus on stop

○ tt+MET final state in the bulk of parameter space
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● Excluding stop quarks up to mstop = 1.3 TeV
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Modified from arXiv:2107.10892

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-002/index.html
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/WebHome
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● No sign of SUSY at the TeV scale (yet)
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Supersymmetry
Searching across a large parameter space



● Initial state radiation raising MET above the trigger threshold
⇒ Mono-Jet selection, searching for a high MET excess

arXiv:2102.10874
arXiv:2107.13021

Dark Matter
With new weak interactions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-044/index.html


arXiv:2102.10874
arXiv:2107.13021
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Dark Matter
With new weak interactions

LHC Exclusion

Direct Search
Exclusion

● Initial state radiation raising MET above the trigger threshold
⇒ Mono-Jet selection, searching for a high MET excess
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-044/index.html


With dijet final states
New Weak Interactions
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arXiv:1910.08447, arXiv:1804.03496
arXiv:1911.03947, arXiv:1806.00843

● Invariant mass spectrum of jet pairs ⇒ exclusion of
hadronic resonances for weak couplings gZ’qq  ≥ 0.1

CMS Data Scouting: store only trigger-level 
calorimeter jets to reduce the event size, 
hence increase the recording rate

  ⇒ lower mjj threshold

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-056/index.html


   
In Z-boson decays
Lepton Flavour Violation
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BR(Z→eµ) <  3.0 ⋅ 10-7

BR(Z→eτ)  <  5.0 ⋅ 10-6 *

BR(Z→µτ)  <  6.5 ⋅ 10-6 *

* Run 1 + Run 2 data, unpolarised tau leptons 8

● Z-bosons produced per experiment:
○ LHC Run 2 : 8 billions
○ LEP            : 4.5 millions

● Testing the Standard Model
by searching for decays
Z→eµ, Z→eτ and Z→µτ

● Branching fraction upper limits
2 - 5 x beyond the sensitivity of LEP:

arXiv:2010.02566, arXiv:2105.12491, ATLAS-CONF-2021-042

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-042/


With Leptoquarks
Lepton Flavour Violation

Low Q2 precision observables

arXiv:2108.07665
arXiv:2012.04178
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● Flavour physics: semileptonic B-meson decays
in tension with the SM, 3σ significances

● Popular explanation: leptoquarks
○ TeV mass scale
○ Hierarchy of fermion coupling strengths

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/index.html


With Leptoquarks
Lepton Flavour Violation

Low Q2 precision observables High Q2 production

arXiv:2105.13847
arXiv:2012.04178

9ST = pT
top + pT

tau + METPatrick Rieck ⋅ NYU

● Flavour physics: semileptonic B-meson decays
in tension with the SM, 3σ significances

● Popular explanation: leptoquarks
○ TeV mass scale
○ Hierarchy of fermion coupling strengths

● Search for events with 3rd generation fermions accordingly

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/index.html
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Interplay of flavour physics
and energy frontier searches

to pin down new physics

● Flavour physics: semileptonic B-meson decays
in tension with the SM, 3σ significances

● Popular explanation: leptoquarks
○ TeV mass scale
○ Hierarchy of fermion coupling strengths

● Search for events with 3rd generation fermions accordingly

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/index.html


● Broad search program with distinct signatures covered

○ Great variety of searches in ATLAS and CMS as well as in LHCb which provides
complementary sensitivity, way beyond the coverage of this presentation

● No discovery other than the Higgs boson so far
○ The simplest models of SUSY with TeV scale masses are not realised in nature

○ Still important new physics signatures to explore within and beyond SUSY

● 95 % of the LHC dataset still to come
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Perspective
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