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Hidden Sectors Anomaly Mediation

Many, many, many BSM models have LLPs!!!

Lifetime comes from: high-dimension operators, very small couplings,
, Or suppressed phase space
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Candidate Particles

1) The NLSP in gauge mediated SUSY breaking (GMSB)

Particles couple to gravitino LSP via higher-dimension operators
sensitive to SUSY breaking scale O ~ A—ZXayﬂyvayx Oy G,
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Candidate Particles

2) The gluinos of mini-split SUSY
Mini-split: scalars heavy, gauginos light = unification, but tuned

Integrating out heavy mass scale (squarks) gives dim-6 operator
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Candidate Particles

3) Scalars in exotic Higgs decays

Add a real scalar to the standard model, S gets vev, vs
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Slide by Jamie Antonelli
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Prompt Searches

Signal Generation
Selection Cuts
Signal Region Cuts
ID Efficiencies
Trigger Efficiencies
Validation
(CR Contamination)
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Prompt Searches LLP Searches
Signal Generation All that and...
Selection Cuts Displacement in Generation
Signal Region Cuts Detector Element Issues
ID Efficiencies Tracking Efficiencies
Trigger Efficiencies Vertexing Efficiencies
Validation Displacement Effects
(CR Contamination) Timing Effects
Abundant information Not much information
Standard tools No standard tools
Process is streamlined Recasting is trailblazing

Risk of dangerously uncontrolled extrapolations



Simple Situations, Tricky Questions

o My vertex has additional objects, how does that affect vertex
reconstruction efficiency?
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Simple Situations, Tricky Questions

My vertex has additional objects, how does that affect vertex
reconstruction efficiency?

My event always comes with additional prompt activity,
e.g. several hard, prompt jets, how does this modify efficiencies?

My LLP moves very slowly and has a long lifetime, how much of a
time delay from the bunch crossing causes problems?

My decay products have high displacement and are incident on
the calorimeter at ~ 45°, how does E;ue compare to Eypserved?
How do | determine the new position?

My decay is very displaced, how much displacement is too much
for the search’s tracking algorithm?

My particle is produced with very different kinematics than the
benchmark in the search, how does this affect the selection?
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Along what axes could searches lose sensitivity?

1. Low cross-section
2. Short lifetime most searches cover these already

3. Long lifetime
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Along what axes could searches lose sensitivity?

—

. Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

Low overall visible event energy
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Along what axes could searches lose sensitivity?

—

. Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

Low overall visible event energy
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{other issue specific to your search here}

Judicious choice of Simplified Models can target these axes!
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Production Modes
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Displaced Dilepton

Many models can produce the displaced dilepton signature (u" ™)
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Displaced Dilepton
Many models can produce the displaced dilepton signature (u" ™)
Where can this search lose sensitivity?

1. Low cross-section / long or short lifetime
Almost any benchmark will do! Pick the “most motivated” one!

2 Low LLP mass Complementarity with lepton-jets?

3. High LLP boost (i.e. collimated decay products) l

Scalar resonance to two pseudoscalars pp —+ S — aa, a— p*pu~
for fixed xsec and lifetime (or vc7), (1) mavs ¢, (2) mg vs €
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The evolution of compressed stops...
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The evolution of compressed stops...
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The evolution of compressed stops...

i, production, t—» b % /T c %, /T> Wb % /t>t%  Status: ICHEP 2016
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The evolution of compressed stops...
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The evolution of compressed stops...
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A Several
Simplified Simplified Parameterized
Model Models Efficiencies

K 6object(pTa 7, dxy, dz, Nyr, )

> < (Now in several studies!)
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N less usefulness to theorists more <
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How sensitive are prompt searches to displaced objects?
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How sensitive are prompt searches to displaced objects?

Mostly unknown!
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How sensitive are prompt searches to displaced objects?

Mostly unknown!
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Simplified model basis covers many possibilities — nearly complete
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Simplified model basis covers many possibilities — nearly complete
... but the current LHC LLP search array is not!
All Possible Signatures All Possible LLP Searches

millicharged ?
dark showers, ;
onopolesqulrks .

Our Simplified Models Existing Searches
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Simplified model basis covers many possibilities — nearly complete
... but the current LHC LLP search array is not!
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¢ Hiding places are shrinking, but long-lived particles remain one of
the most plausible places for new physics to be hiding at the LHC

e Reinterpreting LLP searches can be difficult —\_(v)_/—

e Keeping extrapolations under control may sometimes require
information that cannot realistically be acquired

e Experiments should limit the need to recast via judicious choice of
benchmarks that clearly illustrate where sensitivity will fail

¢ Clear information about limitations will spur innovation
e Prompt search sensitivity to LLPs should be illustrated (RECAST)

e The program must expand — iterative incremental improvements
are good, but novel ideas may bring optimal coverage sooner
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