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e BSM working group has established subgroup conenvers and organization
e The following slides represent a general view from CMS

e There are many exciting opportunities here
o We have made an effort to ensure all of CMS will benefit from this



Overview of the talk

e Review of the different CMS BSM related groups
o  Quick highlight of recent BSM CMS Summary Papers
o Review of
m Discussion of where LHC BSM group fits in this organization

e |LHC BSM Group

o Overview of where BSM Group plays a role
o Discussion of the deliverables and where they fit in scope

e LHC BSM Subgroups

o Review of reinterpretation in CMS
o  Open questions for the new Prompt group
o Review of recent LLP/DM efforts in CMS

e LHC BSM Development

o How do we prepare for the next few years
o  Where does this fit in the global context of non-LHC and beyond LHC experiments

e Summary



https://cms.cern/org/cms-scientific-results https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEX
013TeV#CMS Exotica Summary plots for 13

Taxonomy of the BSM CMS Physics Groups
e CMS EXO Group

o EXO: EXO: Searches for Exotica — MC& Inter,

o Jets+X Group, Long Lived Group, Non-hadronic Group XPAG

o Executive summary: LLP and di-jet/di-lepton resonances, Exo Methods forum
e CMS NPS Group A

o NPS: New Physics with Standard Objects

o This used to be the SUSY group

o Hadronic+Photon, Leptonic+RPV, third generation

o Executive summary: Dark Matter(MET) Searches + SUSY, Heavy/Light Higgs Sector, Prompt{HNL
e CMS B2G Group

o B2G : Searches for Beyond SM particles decaying to top quarks and Higgs and Gauge bosons
o Dibosons Group, Very Heavy Fermion Resonances, Resonances
o Executive summary: Heavy resonances

e Recent we have put out 3 BSM Summary papers (next slides)
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CMS Summary Paper: Dark sector searches

e Dark sectors have a way of connecting everybody
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CMS Summary Paper: Dark sector searches

e Dark sectors have a way of connecting everybody
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CMS Summary Paper: Dark sector searches

e Dark sectors have a way of connecting everybody
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CMS Summary Paper: Dark sector searches

e Dark sectors have a way of connecting everybody
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CMS Summary Paper: Dark sector searches
e Dark sectors have a way of cor‘Bﬁﬁting everybody
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CMS Summary Paper: Dark sector searches

e Dark sectors have a way of connecting everybody

With Z_ we have touched

Dark Matter Working Group
Long Lived Working Group
Reinterpretation Working Group
Prompt Working Group

Relic bounds
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e With the dark sectors paper we aimed to align interpretation
e Was a good first step, but there is much more work to do
e Feels like time to align efforts between groups on a larger scale
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CMS Summary Paper: Dark sector searches

e Dark Matter Summary Paper : a real BSM example
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CMS Summary Paper: Heavy new fermions

e Looked at all natural extensions of leptons and fermions
o Next generation quarks and leptons: HNLs, VLQs, VLLS

e Connects a larger variety of models together

o Theory space of the connections is limited
o An effective baseline for a future comparison
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CMS Summary Paper: Higgs through heavy resonances

e Higgs decays from heavy resonances leads to new physics models
o Many of these are built on the 2HDM models
o Naturally connected to SUSY models (MSSM & friends)
o Connected to BSM activities in LHC Higgs Working Group
e This result lives most naturally in the BSM group but ties to everybody
o How do we establish a connection with the Higgs group
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BSM groups and CMS

e Division of the group is aimed at consolidating analyses its not themes

e Its the challenge of the community to come up with common signatures
o Often this is seeded by a driving question: i.e. What is the origin of Dark Matter?

CMS

Aims at consolidating
analyses by common
objects

NPS Group
(MET+X objects)

Exo Group
(Jet+x objects)

B2G Group
(Top objects)

Z' to inv
Analysis,,
Fof G e W=
i =

Z'to jet
Analygi.sw

o g

i‘vu
{7

o |
i
l‘i;....ruwhv

MC&I XPag Forum

Mk, Car T anisyils This is where

* ) |4—— LHCBSM group
A Interfaces

Z' to top
Analysis

§ofem

EXO Methods Forum . .
Centralize experimental At tlmeS We mlght Wa nt

methods across different .
subgroups —_— to consider
experimental

strategies 14




How is CMS BSM WG represented inside CMS

e Within CMS we have presented our work in MC&I Cross PAG (XPAG)

o MC&I provides a forum for everybody to discuss MC and interpretation

m  Group delivers summary plots and MC models for production
o This group is responsible for direct integration of LHC BSM Working Group
o  We plan to have regularly (approximately Monthly) meetings here

m These meetings will involve LHC BSM activities with CMS members

e Implementation of the work of the BSM group in CMS

o The MCA&Il contacts already have significant responsibilities
o  Our goal as BSM conveners is to ensure that they take into account LHC recommendations
o This forum is an effective way to ensure rapid integration into CMS

m There is a rich history of alignment with LHC DMWG and LLP WGs

e This forum is also where we can advertise the BSM group the most
e BSM convners bring CMS discussions up to our BSM meetings

15



Working as a convener in a collaboration

CMS Physics
Group
Coordinator
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The BSM Group within a typical analysis flow
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Proposed Deliverables of the BSM Working Group

Quick turn around deliverable
o  Twikis with cross sections CERN-LPCC-2016-001

o  Twikis with Generator (often Madgraph) models
Recommendations on presenting LHC

Medium term deliverables searches for missing transverse energy

o Sets of parameters to scan models (often on twiki) signals using simplified s-channel madels
o Formulae for reinterpretation
o Standardized tools for re-intereprtation

Longer term deliverables DMWG paper that started
o  Workshops to share BSM results and interpreations it all (500 citations)
o Talks and communciation with members outside of community

Final deliverables

o  White papers that encapsulate the research
m Formulae for reinterpretation
m New models that enable interpreation and new searches

Long term Legacy of the DMWG and LLP WGs resides in the white papers

of dark matter
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Reinterpretation paradigm in CMS

e CMS has promoted a number of key tools
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Extended Reinterpretation paradigm in CMS

In addition to Simplified/Full Likelihood we have gone further
o Some analyses include MadAnalysis setup
o Further extensions build on a common analysis language

m Language for cutflow/code structure/efficiency maps/Generator info

As a baseline for comparisons w/ ATLAS aim for standardization

o Establish scheme standardization of plots to allow for cross-collabration interpretation

Future roadblocks

o Interpretability of Al BSM searches
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New BSM WG Sub-Group (aka Prompt Group)

e Following the initial discussions with the other BSM leaders
o  We wanted to establish a new group to cover non DM and LLP groups
o  Proposed group is currently entitled the Prompt group
m Leaders of the group will be essential to evolve this
m  We want to develop scope and labelling

e \We envision many ideas for this group

A standard way to compare Leptoquarks

New SUSY benchmarks (Wino/Bino/Higgsino?)

A strategy to deal with Al anomaly searches

di-jet/di-lepton : how they connect with dark matter searches?

o O O O

e Steering form the group will come from the conveners
o Zeynep Demiragli is our current CMS rep

24



https://arxiv.org/pdf/2211.07027

DM/LLP groups

e There are a large variety of dark matter models emerging
o Signatures often include models both covered by the DMWG and LLG
o There has been consolidated effort to align these
o Collaboration/communication with external collaborations is important

e Ajoint alignment of models would help drive future running

Sketch depicting qualitative projections, which are further quantified by the references provided in the text
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Growing space of non LHC searches

e Feebly interacting particle community has rapidly grown over time
o BSM Beyond Colliders group is very actively building benchmarks
m Dark Showers/Semi-visible/SUEPSs/.... Emerging as additional paradigm
o LHC has an important role to play here through new strategies and phase space
o Many new experiments are being considered (i.e. SHIP/LDMX/CODEX-b/...)
e New cosmological bounds are on the horizon
o Understanding their impact will be critical when connecting to future models
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Landscape of LHC over the next decade

e Future LHC running foresees major upgrades in detector capability
o  Will lead to substantial extended capabilities in the scope of physics we have
e Run 3 and HL-LHC will have huge increases in saved data

o Data Scouting and Data Parking at Run 3 leads to much lower thresholds
o HL-LHC will be at full 40 MHz in CMS w/tracking and PF/PUPPI + Boosted timing capabilities
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https://cds.cern.ch/record/2642471?In=en https://arxiv.org/abs/2203.05502
Future Colliders

e Given the future evolution discussions at the moment
o  We would like to raise the importance of future colliders in benchmark research
m Benchmarks should be chosen in a way to motivate a legacy beyond the LHC
o There are some limited examples of these styles of approaches
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Where we would like to see more improvements?

e Upgrades of models for interperetation
o Already now large fractions of Dark Matter benchmarks are excluded
e How do we interface this group with the other LHC groups
o Higgs group : Can we align our models with Higgs BSM group
o EFT/Top? group : How do we align our legacy results/interpretations
e Where do the dark showers live?
o Many analyses, differs from Dark Matter and LLP, needs alignment
e Expediting analysis re-interpretation
o Is there a way to save results that can lead to rapid re-interpretation
m  MadAnalysis/Common analysis description language/...
e Bringing awareness to critical new physics ideas/models
o Existence of this group can help to expedite adoption by the collaborations
o Also can help us to clean up models we know are already obsolete
e Aligning future analysis strategies
o Al based analyses or large scale multi category searches (akin to Higgs) are on their way
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Summary

LHC BSM group is now created

Already aligns well with the planning of CMS
Most directly with the creation of the MC&l Xpag forum
We have established a baseline communication strategy

It's time to start thinking about how to make this group effective

Establishing a path for rapid adoption of (cross-cutting) new physics ideas
Building a legacy for interpretation of results over the next decade
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Workshop Information

e Here is the workshop : https://indico.cern.ch/event/1484411/timetable/
o  Workshop is in a week on Monday February 24-Tuesday February 25th
o All are welcome (Please come!)

e 2 talks from CMS

o CMS Summary talk: Carlos Erice
o CMS BSM contacts (this talk): Phil
e Additional talks include Summary talks from all subgroups
o LLP Working Group
o DM Working Group
o Reinterpretation Working Group
o New (Prompt) Working Group



https://www.google.com/url?q=https://indico.cern.ch/event/1484411/timetable/&sa=D&source=editors&ust=1740475753717687&usg=AOvVaw1SpdMdPOSrKEZqAD3YB_9-

Exotics Convener

e \We are aiming to add a new convener
o  This convener will be responsible for covering the topics we haven'’t discussed
o Can be anything? (ex. Leptoquarks, Al-interpretation, Wino/Bino/Higgsino, ...)
o Main idea of this person will be to build task forces
m Organize task forces based on demands for new physics models

e Why call it the exotics convener?
o We want a “catch-all” term for new physics, this was the origin in CMS
m This was a proposal from ATLAS
o Lot of flexibility in this position and how it will go
e Nominations are ongoing:

o We will close the nominations December 20th
o We will decide shortly after (approval by PC ...)
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White paper writing

Historically the work of the BSM subgroups has been white papers

White papers has helped to unify interpretations
o A good opportunity for leadership of younger CMS members
o  Also opportunity to work with theorists
This remains our focus
o Existing White papers in DMWG and LLPWG will continue with minimal approval
m We just ask that things are circulated to be endorsed by BSM WG
m Longer term, we will work to make established procedure
There is an opportunity to restructure things right now
o Do we want to further align interpretations?

What else can we do?
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Future things to address

How do we connect with top, Higgs, others group?
o 4 Top cross section

o Extended Higgs sector
O

Unifying Dark sectors across LLP and DM

Dealing with AI/ML and many category analyses (Music)
SUSY’s place in all of this?

Strategies for LHC BSM’s legacy

Automate Interpretations (global re-interpretation)

Re-interpretation tools and strategies quite active
o  We should discuss integration with BSM group



Preparing for the workshop in February

e First workshop will be February 24-25th

e We are thinking to invite speakers of the BSM related summary papers
o  CMS has many BSM summary papers:

EXO-23-007: Enriching the physics program of the CMS experiment via data scouting and data parking,
arXiv:2403.16134

B2G-23-002: Searches for Higgs boson production through decays of heavy resonances, arXiv:2403.16926
EXO-23-005: Dark sector searches with the CMS experiment arXiv:2405.13778

EXO0-23-006: Review and partial combination of searches for vector-like quarks, vector-like leptons, and heavy
neutral leptons in proton-proton collisions at

Vs = 13 TeV, arXiv:2405.17605

We should start thinking about suitable speakers

o  Opportunity to motivate some of the missing summary papers and give visibility to major (younger) contributors

LQ summary paper, Resonances summary paper, SUSY?

e Status of Reinterpretation group

e \We can showcase some working examples
o  Higgs to Invisible discussion

o
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