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Why Long-Lived Charged (S)Particles?

® In SUSY, heavy stable charged particles (HSCPs) typically appear when:

MpLsp = Misp
(degenerate spectra)
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® Most of these scenarios are DM-motivated

® 7 >1-—10ns — long-lived
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HSCPs and Cosmology: Big-Bang Nucleosynthesis

® BBN constraints:
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HSCPs and Cosmology: Big-Bang Nucleosynthesis

® BBN constraints: ® SBBN predictions:
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HSCPs and Cosmology: 'Li Problem

How to deplete the primordial Lithium abundance?
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HSCPs and Cosmology: ’Li Problem

How to deplete the primordial Lithium abundance?

® ’Li depletion with long-lived 7:
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LHC Searches for HSCPs

How to look for HSCPs @ LHC?
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LHC Searches for HSCPs

How to look for HSCPs @ LHC?

® For7 > 10 %s — charged tracks ® Highly boosted (with Q = 1) — fake
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LHC Searches for HSCPs

How to look for HSCPs @ LHC?

® For7 > 10 %s — charged tracks ® Highly boosted (with Q = 1) — fake
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CMS Search for HSCPs

® CMS results (EXO-13-006):

CMS Preliminary - ys=8TeV - L=1881fb" CMS Preliminary - Vs=8TeV - L=18.8fb"
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Exclusive production: Inclusive production:
msz > 300 GeV msz > 450 GeV
~ Model independent Model dependent
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Constraining Long-Lived Charged Particles

® How to apply the CMS results to general models?
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Constraining Long-Lived Charged Particles

® How to apply the CMS results to general models?

Full MC simulation + cuts: compute full model signal
® Compare with the experimental UL
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Uaﬁ:er cuts

® The model efficiency, € = 55—, mostly depends on:

» HSCP mass and lifetime
» pr of the HSCP
» number of HSCPs
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Constraining Long-Lived Charged Particles

® How to apply the CMS results to general models?

Full MC simulation + cuts: compute full model signal
® Compare with the experimental UL

— Time expensive

Uaﬁ:er cuts

® The model efficiency, e = , mostly depends on:

total

» HSCP mass and lifetime
» pr of the HSCP
» number of HSCPs

® |s there a more efficient way of doing it?
— Simplified Models
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Simplified Models for HSCPs

® Basic idea:

1. Compute efficiencies for classes of simplified models (SMS)
— efficiencies database

after cuts
— e1(Muscp) = *—mr— — €2 (Mprod, Mint, Muscp). - -

~ only depends on the decay structure and the masses
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Simplified Models for HSCPs

® Basic idea:

1. Compute efficiencies for classes of simplified models (SMS)
— efficiencies database

after cuts
— €e1(Musce) = vl — €2 (Mprod Mint, MHscp)s « «

~ only depends on the decay structure and the masses

2. Decompose the full model in a coherent sum of SMS

o X BR 4
<8 —7@\ .
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Simplified Models for HSCPs

® Basic idea:

3. Use the pre-computed efficiencies to compute your full model signal
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4. Compare to the experimental UL:

oeff > oyr — the model is excluded
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Simplified Models for HSCPs

® Basic idea:

1. Compute efficiencies for classes of simplified models (SMS)

2. Decompose the full model in a coherent sum of SMS

3. Use the pre-computed efficiencies to compute your full model signal
4. Compare to the experimental UL

® Pros: ® Cons:
» Can be applied to any model > Neglects specific model
» No MC simulation needed dynamics:

~ ¢(masses, topolo
> Very fast e pology)

» . > Limited by the simplified
» Decomposition tools available: models used to compute ¢

gMo\dMe[g » Decomposition can be slow in

special cases
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Simplified Models for HSCPs

Computing efficiencies...
(MadGraph + Pythia + CMS probabilities)
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Simplified Models for HSCPs

Computing efficiencies...
(MadGraph + Pythia + CMS probabilities)

® Simplified Models:
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Simplified Models for HSCPs

Computing efficiencies...
(MadGraph + Pythia + CMS probabilities)

® Results fore:
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CMSSM with long-lived 7s

® Application to the CMSSM
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CMSSM with long-lived 7s

® Application to the CMSSM+ Solution to the Lithium-7 Problem:

» Neutralino LSP, stau NLSP
> Y:>10"13
> 72 > 1s(Mmz —my1 < my)
> tan =10
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CMSSM with long-lived 7s

® Application to the CMSSM+ Solution to the Lithium-7 Problem:

» Neutralino LSP, stau NLSP
> Y:>10"13
> 72 > 1s(Mmz —my1 < my)
> tan =10

® Scanover mgy, My, Ao (11 > 0):
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CMSSM with long-lived 7s

® Higgs and Dark Matter constraints:
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® We require:

» 120 GeV < mp < 130 GeV
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CMSSM with long-lived 7s: LHC Constraints

® LHC Constraints:
» MET signatures: §+ 3§ — qq + X2 + %% ~ 70%
» HSCP signatures: {5 + X5 = vy + 75 + v, + 75 ~ 10%
» Mixed signatures: {5 + %3 = v, + 75 +Z + 2 ~ 20%
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CMSSM with long-lived 7s: LHC Constraints

® Results: MET vs HSCP
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® HSCP constraints dominate
(even though the HSCP signal is only ~ 30%)

® MET constraints are smaller than in the usual CMSSM
(MET signal ~ 70%)
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CMSSM with long-lived 7s: LHC Constraints

® How does SMS + efficiencies compare with the full sim?
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— Signal coverage ~ 90%
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Conclusions

® HSCPs are motivaded by DM (co-annihilation strips)
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Conclusions

HSCPs are motivaded by DM (co-annihilation strips)

...and the "Li-problem

LHC constraints are strong, but model dependent

Simplified models provide a framework to apply the HSCP constraints to any
model

We have built an efficiency database for HSCP-SMS
...and applied the results to the CMSSM with long-lived staus

The CMSSM solution to the ’Li problem (at low tan 3) is completely excluded by
LHC or Planck

Other models can be easily constrained using the same efficiency database

Simplified Models approach ~ Full simulation
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Thanks!
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