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WANTED:

Systematic programme for displaced vertex searches 
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WANTED:

Systematic programme for displaced vertex searches 

Production through simplified models: DM or SUSY

Example: simplified DM Example: simplified SUSY

Advantage: 

Can revert to a large and well understood 

portfolio of simplified models that are 

already in use by the experiments!
http://feynrules.irmp.ucl.ac.be/wiki/DMsimp

https://github.com/ksung25/DisplacedDM
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WANTED:

Systematic programme for displaced vertex searches 

Production through simplified models: DM or SUSY

For this paper we have focused on neutral Χ2 states but general

concept can be extended easily to others  
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Experimental Signature
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Experimental Signature

Pairs of displaced events
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Experimental Signature

Pairs of displaced events

missing energy
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Experimental Signature

Pairs of displaced events

missing energy

non-pointing displaced events
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Experimental Signature

Pairs of displaced events

missing energy

non-pointing displaced events

Categorize by:

• operator

• final state
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Example Operators

*can also have diboson final states
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Light Mediator
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Parameters

} DM simplified 

models program

proposed 

extension 

or 
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Minimal Set of Final States to cover Experimentally
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Minimal Set of Final States to cover Experimentally

dMETγ: displaced gamma with MET is the only of these signature that is currently 

covered with a dedicated analysis by experiments.    
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Simulation in a nutshell 
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Simulation

1) Chose simplified Model for production
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Simulation in a nutshell

1) Chose simplified Model for production

2) Chose ansatz to add long-lived particle and decay:

EFT like decay Resolved (light) mediator
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Simulation in a nutshell

1) Chose simplified Model for production

2) Chose ansatz to add long-lived particle and decay:

EFT like decay Resolved (light) mediator

3) Simulate full chain
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Example: EFT like decay for X2 -> γ X1

EFT
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Example: Resolved decay for X2 ->  Y0 X1 -> ff X1
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Simulation

1. Add the new particle content to the original DM simplified model. 

For an EFT decay model, this is simply the new, stable DM particle χ1.

For the simplified decay model the mediating particle must also be included. 

2. Add new interactions to the original model. 

These can either be single-parameter EFT operators, or interaction terms involving a 

mediator. 

3. Configure the relevant particle masses and couplings in the MG5 aMC@NLO param 

card.dat to achieve displaced decays. 

4. Generate the pp → χχ ̄ in process MG5 aMC@NLO, which will result in an LHE file 

that contains the necessary width information in the SLHA header. 

5. Pass the resulting LHE to Pythia, which will perform the χ → χ1X decay using the 

SLHA information. 

More details are provided in arXiv:1704.06515
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Mapping Simplified Models on complete 

models/theories 

We have also shown in this paper that 

properties/limits obtained from simplified models 

can be mapped onto complete models:

Example:  

GMSB and Fraternal Twin Higgs model 

No time to cover here:

See backup and paper
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Summary:arXiv:1704.06515

• We propose a systematic programme to search for long-

lived neutral particle signatures through a minimal set of 

displaced MET searches (dMETs).

• Our approach is to extend the well established simplified 

models to include displaced vertices. A displaced 

secondary vertex, characterised by the mass of the long-

lived particle and its lifetime, is added for the displaced 

signature.

• We show how these models can be motivated by, and 

mapped onto, complete models such as gauge-mediated 

SUSY breaking and models of neutral naturalness.

• We also outline how this approach can be used to extend 

other simplified models to incorporate displaced signatures.
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Backup Material 
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EFT

displaced decay means 

characteristic energy is roughly m2-m1

matrix element is always <<1, so using lowest dimension operator is a good 

approximation.
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Example operators
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GMSB

t-channel, scalar
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GMSB
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GMSB

t-channel, scalar
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GMSB

SPS8
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Example operators
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0911.5616

Fraternal Twin Higgs*

*Hidden Valley
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Fraternal Twin Higgs

decays into twin taus, b, Ws, etc…


