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New

ATLASCMS Theory



Benchmark

Establish  
common reference 
models to facilitate 

comparisons, maximize 
sensitivity, and guide new 
physics interpretations.

Prompt BSM WG 
Vision & Responsibilities

The Prompt BSM Working Group focuses on all BSM searches that do not fall under the 
existing Dark Matter (DM) and Long-Lived Particles (LLP) working groups.

Harmonize Extend

Align methodologies, 
strategies, and tools 

across experiments to 
enhance the impact and 

coherence of exotic  
BSM searches

Push experimental 
methods to explore novel 
signatures, and emerging 
theoretical frameworks to 
expand the reach of LHC 

searches.
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Our pillars:



Logistics & Communication

E-group:       lhc-pbswg@cern.ch
Indico page: https://indico.cern.ch/category/19425/ 
Webpage:     https://lpcc.web.cern.ch/content/lhc-pbs-wg
TWiki:           https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCPromptBSM

How to Get Involved?
Subscribe to the e-group for updates and discussions
Check Indico for upcoming meetings & material
Join working meetings and task forces

For Questions & Participation: lhc-pbswg-admin@cern.ch   

Prompt BSM WG 
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[WIP]

[empty :)]

mailto:lhc-pbswg@cern.ch
https://indico.cern.ch/category/19425/
https://lpcc.web.cern.ch/content/lhc-pbs-wg
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCPromptBSM
mailto:lhc-pbswg-admin@cern.ch


Physics Targets

Our group will cover ‘prompt’ final states targeting:

Prompt BSM WG 
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Scope is LARGE, community driven prioritization is necessary!
Will likely lead to formation of task forces!

s-channel resonances      Leptoquarks      SUSY      Heavy neutral leptons
Vector like fermions      Heavy vector triplets      …

…
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Identify and review existing models or propose at least one common 
benchmark across all experiments for each type of search  

(e.g., resonances, leptoquarks, heavy neutral leptons, etc.).

Benchmark

Choose, Check, Compare, Combine …  

…re-interpret!



EXOT-2022-39 EXO-19-016

Leptoquarks (a few ideas…) 
Adopt common coupling choice to ease comparisons and combinations


provide enough material to rescale and reinterpret result 


Organize signal samples by final state  
(rather than production modes):


Covering all production modes, 

Off-shell effects, 

Interference effects
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Common & Consistent Signal
Example ideas:  Leptoquarks, HNLs, Vector-like Fermions, SUSY

Goal: Define benchmark models that are both theoretically motivated and experimentally viable.

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-39/


Heavy Neutral Leptons  
• Two primary models: 𝜈MSM & Minimal LR symmetric model

• Standardize the coupling choices masses? (Ex: Triangular coupling plots)


Vector Like Fermions 
• Should we consider larger widths (up to 30%)?

• Should we target 2-d limits of coupling vs mass, width vs BR? What is the grid?


SUSY 
• Need coherent choice of the underlying model assumptions (e.g., pMSSM)

• Should we consider extensions to simplified models (new SUSY benchmarks?) 


Will need task forces!
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Common & Consistent Signal
Example ideas:  Leptoquarks, HNLs, Vector-like Fermions, SUSY

Goal: Define benchmark models that are both theoretically motivated and experimentally viable.



Harmonize
Coordinating parameter choices across experiments and across WGs to 

ensure consistency in scanned and selected benchmarks. 
Standardizing generator tools and cross-section calculations where necessary 

to align signal modeling. 
Facilitating knowledge sharing on analysis strategies, background estimation, 
and statistical treatments to enhance comparability and combinability of results.



Goal: Review and coordinate choices for model parameters in light of future combinations 

HNL 
Are the prompt and the LLP searches properly aligning the model parameter choices  
to enable full coverage of the phase space?


Heavy resonances (e.g., HVT): 
should the model parameters (coupling strengths, widths) be reviewed and harmonized across 
experiments to maximize interpretability and impact?


General Theme: Identify gaps, enabling reinterpretations & future combinations! 

Questions to ask:  
Do the chosen model parameters highlight the uniqueness of the LHC reach?
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Model Parameters
Example ideas:  HNLs, Heavy resonances and more…
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Signal Simulation Tools
Example ideas:  Leptoquarks, HNLs and more…

Goal: Review available simulation tools, asses strengths, and prepare recommendations. 

For example, for leptoquarks, many simulation tools and setups available:


This is also true for nearly all other BSM models! 


Questions to ask:  
Do we have consistent treatment of higher order and interference effects?  
Should we have central xsec repository for certain models (as was done earlier in SUSY)? 
Should we standardize the use of theoretical uncertainties for a given model?

MadGraph + UFO model LQ_NLO 

[2 - arXiv:1801.07641]

MadGraph SLQrules 

[3  - arXiv:2105.04844]

Pythia  
[1]

https://lqnlo.hepforge.org
https://gitlab.com/lucschnell/SLQrules
https://pythia.org/latest-manual/LeptoquarkProcesses.html


Goal: brainstorm on analysis strategies adopted in analyses performed in both collaborations
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Knowledge sharing
Example:  statistical approach in partial Run-2 di-jet

@mjj = 800 GeV  CMS exp limit = 1.91 pb   ATLAS exp lim 0.67 pb 
@mjj = 1.4 TeV    CMS exp limit = 0.32 pb   ATLAS exp lim 0.15 pb 

Example: low and high mass di-jet had constraints  
                different by a factor 2-3

Cross-talks [1, 2] and material sharing highlighted 
differences in statistical approach and background 
uncertainty treatment!


not a more effective analysis strategy!


Moving forward: agreement on a common approach!

Questions to ask: should we do a similar exercise for other searches as well? topical

cross-talks!

https://indico.cern.ch/event/839960/
https://indico.cern.ch/event/957652/
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Extend
Pushing the boundaries of 

experimental methods and theoretical exploration 
based on current exclusions to uncover new physics.



(Some) questions to ask:

Is there anything interesting that ATLAS is doing and CMS is not and vice-versa?
Example: Extended more exotics models: e.g. VLQs + 2HDM and VLQs+Z’/W’. CMS 
has a search ATLAS does not. Interesting?

Even after so many years, possible to find unexplored SUSY signatures
Example: single lepton + MET for slepton+sneutrino production.

any theoretical guidance (e.g. from lepto/baryogenesis) to keep in mind?
similar to the relic density for the DM WG

13

Theory-Driven Exploration
With current exclusions shaping the landscape, where should we look next? 



Advancing experimental tools enables sensitivity to previously inaccessible regions.  
How should theoretical models evolve to reflect this newly available phase space? 
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Unlocking new phase space
Example: Flavor Tagging

FTAG-2023-01 CMS-DP-2024-066

Keep improving!Example improved flavor taggers ( , , , 𝝉):b c t

https://cds.cern.ch/record/2904702?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/


Emerging methods, such as anomaly detection, require careful interpretation.  
How do we handle, validate, and integrate these results into our search strategies? 

A proposal while the iron is still hot?
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Innovative Analysis & Statistical Techniques
Example: Anomaly Detection

Object level 
dijet resonances w/  
anomalous jet substructure

Event level 
multi-object anomalous events 
training on key kinematic variables 
used in BSM searches

How to compare among experiments?
What to make public for the reinterpretation of the model generic results?
Gauging the relevance of “significance”, e.g. evaluating excesses

both offline and online!



Conclusions
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A vast landscape of BSM scenarios under the prompt BSM WG umbrella 

Defining the most urgent and critical targets is the priority

Collecting inputs of (future) collaborators is essential 
to better define the short, middle, long-term

Work organised in task forces
planning to deliver topical material (e.g., white papers)
aiming to have regular meetings, TBD

a survey where you can share your opinions

theoretical interests

experimental potential

is coming soon!


