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Why does ATLAS want
an LHC BSM W@G?



Unify all” BSM topics under one roof

- Common space to discuss with other experimental neighbours and theorists

- Well-defined areas of expertise in the four subgroups:
re-interpretations,
dark matter,
long-lived particles,
all other (prompt) BSM signatures.
- ldentify overlaps between these subgroups
- Make sure that no relevant topics fall through the cracks!
- For that purpose, already existing subgroups may need to operate in a different way:
fully integrate within the new structure

actively interact with others, e.g. through cross-subgroup task forces.
many examples: SUSY+DM, HNL+LLP, ...

* except BSM Higgs, which remains in the LHC Higgs WG



Create new “Prompt BSM" subgroup

Capture “everything else BSM-related” that was so far not

discussed in any of the other existing working groups:
- Leptoquarks
- Vector-like quarks and vector-like leptons
- New gauge bosons
- Heavy neutral leptons
- Supersymmetry
However, overlaps expected with DM and LLP!
Very rich BSM program, impossible to address everything in
one go. This sub-group should operate through task forces

having a short lifetime and clear deliverables.

Many CERN Collider Cross Talks
on these topics!
We need a well-defined group

August 2024
01 Aug Anthony Badea, Halil Saka, "RPV multijets"
April 2024
11 Apr  Ben Hodkinson, Emanuele Angelo Bagnaschi, "The electroweak SUSY landscape"
March 2024

21 Mar Javier Montejo Berlingen, Kazuki Sakurai, "SUSY: from prompt to long-lived (LLP)"

November 2023
16 Nov Luca Panizzi, Trisha Farooque, "Vector-like Quarks"

09 Nov Matthias Saimpert, Stefan Antusch, "Heavy Neutral Leptons"

October 2023

= 26 0ct lzaak Neutelings, Mahsana Haleem, "Third generation leptoquarks in CMS and ATLAS"



Create solid connection between WG and
experiment/theory

e Eachsubgroup has representatives from both the theory and experimental
communities.

e Experimentalists should get input from theorists about viable benchmarks that
can be probed by all experiments.

o  LHCb might be able to probe other regions of the parameter space

e Coherent definition of agreed models probed by ATLAS and CMS.
Strengthening and getting to know the BSM community!

e Communication is key!

o  Regular subgroup meetings should be organised: 4-5 per year.
o  One general assembly per year with parallel and plenary sessions at CERN.



What do we expect to generate
within the WG?



Addressing issues with concrete tasks

- ldentify BSM-related hot topics where we need input from theorists and/or agreement among
experimentalists

- Create well-defined & focused (ideally short-term) task forces with deliverables

- Once the task has delivered what was requested, document and close it

Deliverable examples: cross-section
benchmark tables; UFO models;
interference SM-BSM; etc.



Set up the stage for future combinations

- Establish which searches would be interesting to combine between experiments
- New re-interpretations to be performed with the combined analysis
- Some ideas:

- Leptoquark combination: probing the region preferred to explain the B-anomalies
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-39
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-016/index.html

Brainstorming space for the community

- Have acentral forum where a wide discussion can happen on novel/revised BSM scenarios
- From the experiment side, listen to the theory-wide perspective (not only isolated personal opinions)
- Therefore, it's fundamental to engage the active community on BSM from both experiment and theory sides
- Among experiments, understand the various organisational directions taken by each to avoid
divergences when it’s too late:
- e.g..emphasis on SUSY on current and future searches; emphasis on anomaly detection / general searches; etc.

SUS: Searches for new physics in final states with Unbalanced pT and Standard objects

Conveners (email): S.Sekmen (KYUNGPOOK), C. Caillol (CERN) Sea rCheS PUinC ReSUItS

Public page
Contact: ATLAS Exotics Physics Working Group Conveners,

EXO: Searches for Exotica
Conveners (email): B.Maier (LONDON-IC), C. Pena (FNAL)

ATLAS Higgs, Multi-Boson, and SUSY searches (HMBS) Physics Working Group Conveners

Public page

B2G: Searches for Beyond SM particles decaying to top quarks and Higgs and Gauge bosons

Conveners (email): L. Gouskos (BROWN), A. Reimers (UZH) A I LAS
Public page

EXPERIMENT



Discussion items in ATLAS



Prelude: new ATLAS physics group structure... aka
where to find your favorite BSM analysis in ATLAS?

e Before:
o  HIGG: SM single-Higgs physics
o HDBS: Higgs and Di-Boson Searches (BSM Higgs, low-mass resonances, di-boson resonances, and HH)
o  SUSY:the name says it all

o

e Now:
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O

EXOT: same, the name says it all ..
SUSY is still

searched for!

DM not part of
the structure
anymore!

HIGP: single- and di-Higgs (including resonant HH)
HMBS: Higgs and Multi-Boson and SUSY, in other words: HDBS - HH + SUSY
EXOT += LLP searches

m JetDark Matter (JDM) — Jet/ MET + X (JMX)

m  Unconventional and Exotics Higgs (UEH) — Long-lived and Unconventional Physics (LUP)

] Common Dark Matter combinations (CDM) — Combinations, Cross-Talks and Summaries (CCS)




Re-interpretations under the purview of the BSM
LHC WG?

e ATLAS and CMS already perform their own re-interpretations, sometimes with different
benchmarks.

e Experimental (internal) data is not necessarily needed for re-interpretations, provided that the
data-analyses are well preserved (HEPData).
o ldeally the content of the HEPdata entry should be settled upon when a paper is submitted, and it should be
useful for re-interpretations (e.g. likelihoods) = should experiments discuss/revise their policy?
e Suchre-interpretations could be performed by individuals (theorists and/or experimentalists)
outside the LHC collaborations, e.g. under our re-interpretation subgroup.
e [nsuch cases, a publication policy needs to be well defined:

o Whentoinclude or not the full LHC collaborations? When should reviews be organised within the
experimental collaborations?

o Where to publish? SciPost is now used to publish LHC Higgs WG notes but comes with a rather slow
turn-around...



BSM Higgs sectors 2 ¢

The Higgs sector is intertwined with many BSM scenarios: g E

SUSY needs a 2HDM to be viable;

Higgs compositeness models predict VLQs;

The Left-Right Symmetric Model and several scenarios of neutrino mass generation predict Higgs
triplets and in turn doubly-charged Higgs bosons.

P. Camara, adapted from phdcomics.com

A close contact with the LHC Higgs Working Group 3 on BSM Higgs sectors is crucial. (*)

e Howshould it be organised?
.. & 5 (*) The same is true for the LHC
e Liaisons,common meetings? EFT Working Group

On the longer term, where should BSM Higgs sectors be discussed?



Input/wishlist from ATLAS EXOT+HMBS groups (I)

e We would like the BSM WG subgroups to each have clear deliverables (even if only one or two
items), and the BSM WG conveners to ensure these are fulfilled.

O

@]

o

In the previous structure there were not many clear outcomes from some subgroups: if these groups exist
they should be useful or disbanded. The BSM WG (sub)group(s) should not just be a “talking shop”!

Initial mapping effort where theorist-experimentalist interaction can aim to identify holes/missing signatures?
Benchmark suggestions would be appreciated.

e We would like the BSM WG to take the lead in defining and producing CMS+ATLAS(+Pheno)
summary plots.

o

O
(@]
o

Recent example of LLP Hidden Sector Summary could be emulated!
Streamline procedures within experiments

Naturally leads to discussions of common benchmarks and presentation styles
Keep up with theory developments



Input/wishlist from ATLAS EXOT+HMBS groups (Il)

e Inadditionto the link with LHC Higgs Working Group 3 on BSM Higgs (a very important one),
some searches will benefit from the connection to other SM Higgs groups, i.e. HH resonance
searches to discuss interplay like interference effects
Regarding extended Higgs sectors with SUSY - where should this live primarily?

Could we discuss the lessons learnt from the DM WG?
BSM WG (sub)group conveners should not be the only active people: the community should be
grown and made attractive by producing (amongst others) the aforementioned plots and

deliverables.
e BSMWGs should be a good communication channel between the large experiments, eg also for

resolving differences when they arise.



Input/wishlist from ATLAS B-physics group

e The analyses performed in this group are “generally sensitive” to BSM physics, even though they
normally do not target specific models and BSM interpretations of the results are usually not
performed.

In general, the general needs of this group are discussed within the LHC Heavy-Flavour WG.
Another way of interpreting B-physics results (for instance, B® — u*u'K™© decays) is in Effective
Field Theories, in which case contacts are usually established with the LHC EFT WG.

= Limited “usefulness” of our LHC BSM WG for the ATLAS B-physics group, but we should maybe
establish a liaison with the LHC Heavy-Flavour WG too.


https://lpcc.web.cern.ch/content/lhc-hf-wg
https://lpcc.web.cern.ch/lhc-eft-wg

Conclusion



Summary of the ATLAS input

Our committed ATLAS team!” looks forward to working with the experimental and theory
communities to make the new LHC BSM WG an inspiring and productive environment where:
we discuss new physics under one roof,
connections between theory and LHC experiments are consolidated,
hot BSM-related topics are addressed through concrete tasks with clearly defined timeline and
deliverables,
new/additional combinations and re-interpretations can be performed,
no BSM topics fall through the cracks (BSM Higgs, EFTs, new physics in B-physics, etc) thanks to
close liaisons with other LHC WGs.

(*) Arnaud & Tamara: LHC BSM WG conveners
Sukanya: DM subgroup convener

Martin: REI subgroup convener

Dominique: LLP subgroup convener

Giuliano: Prompt BSM subgroup convener




