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Dark Matter and LLPs

● The complementarity of searches is 
usually true only for WIMPs.

● Several DM mechanisms (co-scattering, 
FIMPs,…) can not be tested by DD.

● Many of these lead to long-lived 
particles (LLPs) at the LHC!
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“There’s plenty of room at the bottom!”
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● “Template model” (Mediator+DM):

Y  becomes long-lived

The mediator signatures depends on its SM 
quantum numbers and lifetime:

● Electrically charged → HSCPs, displaced 
leptons, disappearing tracks,…

● Neutral → displaced vertices, displaced jets,...

A large number of LLP 
searches can be relevant for 

Dark Matter models!

Dark Matter and LLPs

and/or

(relic abundance typically fixes 
one of the parameters)

We need to be able to re-interpret 
LLP searches for “new”  DM models!



LLP Recasting

● Typically we want to answer: is search X sensitive to model Y?

● Yes ➜ what is the sensitivity?

● No ➜ how the event selection could be improved?



LLP Recasting

● Recasting increases the physics impact of the experimental results.

● New models can be at the border/edge of the search sensitivity: 
➔  identify gaps in coverage

● Typically we want to answer: is search X sensitive to model Y?

● Yes ➜ what is the sensitivity?

● No ➜ how the event selection could be improved?



LLP Recasting

● Recasting increases the physics impact of the experimental results.

● New models can be at the border/edge of the search sensitivity: 
➔  identify gaps in coverage

● Typically we want to answer: is search X sensitive to model Y?

● Yes ➜ what is the sensitivity?

● No ➜ how the event selection could be improved?

● For prompt searches recasting is well-stablished → apply the 
analysis selection criteria to “standard” objects (jets, leptons,…) and 
observables (HT, pT, meff,…).



LLP Recasting

● Recasting increases the physics impact of the experimental results.

● New models can be at the border/edge of the search sensitivity: 
➔  identify gaps in coverage

● Typically we want to answer: is search X sensitive to model Y?

● Yes ➜ what is the sensitivity?

● No ➜ how the event selection could be improved?

● For prompt searches recasting is well-stablished → apply the 
analysis selection criteria to “standard” objects (jets, leptons,…) and 
observables (HT, pT, meff,…).

● But LLP searches typically make use of analysis-specific objects.
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● Efficiencies for constructing relevant LLP objects can be 
provided in many ways:

→ for  a detailed discussion see the Reinterpretation and LLP White Papers 
(2003.07868 and 1903.04497)

LLP Recasting
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Simplified Model Results

• Found in almost all analyses
• Avoids simulating the event selection
• Model dependent

● It can be useful if the analysis provides:
● a good coverage of all relevant SMS parameters (e.g. non-zero LSP mass)

● efficiencies for individual production/decay modes

● data in digital format!

CMS-EXO-19-001
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Object/Signature Efficiencies

• Assumptions about the decay and/or 
production mode are folded in (some 
model bias)

• Functions of all the relevant 
(observable) parameters

“minimal model bias"

ATLAS-EXOT-2019-23

ATLAS-SUSY-2018-13

• In addition to efficiencies, recasting 
guides/notes and pseudocode are 
extremely useful!
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“Real Life” Recasting
• The usefulness of the available information can be measured by how well  

the official results can be reproduced outside the collaboration.
• Some examples:

ATLAS-SUSY-2018-13

Displaced Vertices

L. Corpe, A. Goudelis, T. Chehab – LLP13 Workshop

ATLAS-EXOT-2019-23

Displaced Jets

J. Araz, B. Fuks, M. Goodsell and M. Utsch (2112.05163)

Disappearing 
Tracks

CMS-EXO-18-001

J. Carrasco, J. Zurita (2307.04847)

Emerging Jets

● Recasting of LLP searches has improved considerably!

● Several recasting tools (MadAnalysis, CheckMATE, SModelS) 
now include  LLP searches.

● Recasting often fails at some corners of parameter space.

● Some analyses do not provide the necessary information for 
proper recasting.



LLP Recasting Repository

• Recasting repo @ GitHub: github.com/llprecasting/recastingCodes

•contains most of the recasting code for the LLP searches mentioned here

http://github.com/llprecasting/recastingCodes


Recasting LLP Searches - Physics Impact

(highly biased selection)
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•2HDM + Z2-Parity

Inert 2HDM (IDM)

● Sub-TeV masses can generate the correct relic 
density if there is a high mass compression.

A. Belyaev et al. (1612.00511 )

J. Heisig, S. Kraml, AL (1808.05229 )

HSCP excluded

● The production cross-sections are typically too 
small to be tested by prompt searches

● In the mass compressed region the charged 
Higgs becomes long-lived → HSCP signature

•At the LHC:

https://arxiv.org/abs/1808.05229
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Minimal Freeze-in

• Model:

Disappearing tracks 
(optmistic)

ms = 1 MeV

ms = 10 keV

G. Bélanger et al (1811.05478 )

HSCPs

Displaced leptons 
(flavor-dependent)

•At the LHC:
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Conversion Freeze-out

• Model:

Yi
el

d

M. Garny, J. Heisig, B. Lulf, S. Vogl (1705.09292 )
J. Heisig, AL, L. Ramos (2404.16086 )

Within the reach of several LLP searches!
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Conclusions

● There has been a lot of progress in the past few years:
● recasting LLP searches has moved from “impossible” to almost 

“common practice”.

● lot of effort from the experimental collaborations to provide the 
necessary information.

● @experimentalists: 
● recasting guides, pseudocode and cut-flows are essential!

● public BDTs, NNs,… are welcome! (see 2312.145775)

● always aim for model independence! (object-level efficiencies)

● Recasting is an essential tool for finding gaps in coverage!

● For feebly coupled models the LHC may be the main tool for 
discovery!



Recasting Checklist

 □ Parametrized efficiencies (object-level)

 □ Cutflows (for benchmarks at the bulk and edge of the exclusion 
curve)

 □ Cards for event generation (benchmark models):

Process card

Parameters (model) card

Pythia card

…

 □ Signal Distribution for “recasting observables” (benchmarks)

 □  Pseudocode

 □ Recasting guide

● When releasing a new analysis, the following  information 
needed is important for recasting: 



Backup
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"Real Life" Examples: HSCPs
●HSCPs (plus R-hadrons):

● ATLAS-SUSY-2016-32/31 (13 TeV)
● CMS-EXO-12-026 (8 TeV)

• Trigger efficiency • Object efficiencies: (ϵ ,𝜂 𝛽) • Mass reconstruction

•All the quantities required for recasting the analysis are provided

● Information provided:



● It works well for large mass differences:

mgluino = 1.4 TeV 
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m
gluino = 1.4 TeV 

m
LSP = 1.3 TeV

● It fails for compressed scenarios:

● It works well for large mass differences:

mgluino = 1.4 TeV 
mLSP = 100 GeV

• MET distribution?
• ME/PS matching? 
• Extrapolation to low mDV?

"Real Life" Examples: Displaced Vertices
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