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A Real Problem: Dark Matter
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A Real Problem: Lots of Candidates
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Evidence from outer space
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Evidence from outer space
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Where is Waldo?
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What is Waldo?
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What is Waldo?

What is Waldo like:

- Has mass
 

- Cold (non-relativistic) matter

- Weakly coupled to the SM

- Stable
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What is Waldo?

Planets? Dark Stars? Black Holes? (MACHOS)

Baryonic Matter?

Neutrinos?

Weakly Interacting Massive Particle? (WIMPS)

Axion?

Altered Theories of Gravity?
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Many Candidates
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Dark and scalar sectors
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Scalar mediator:

Pseudoscalar mediator:

Dark and scalar sectors
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Dark and scalar sectors
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Scalar mediator:
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Dark and scalar sectors
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Dark and scalar sectors
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Spoiler Alert:
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The CMS detector
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Events: Particle Flow
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Events: Data Sample

Data:

- CMS 2016
- Integrated Luminosity of 35.9 fb-1

Triggers:

- No lepton and large amounts of pT
miss 

( pT
miss and missing hadronic activity > 120 GeV)

- At least one (isolated) high  pT lepton (pt > 27 GeV)
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Events: Data Simulation

Monte Carlo simulation:

- SM Background
- DM Signal
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Events: Data Simulation

SM Background:

- Main contributions come from:
-  ttbar  + jets
-     W   + jets
-      Z   + jets

- but also some rare processes 
- ttbar   +  W 
- ttbar   +  Z

MadGraph5_aMC@NLO

POsitive Weight Hardest Emission 
Generator (POWHEG)
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Events: Data Simulation

DM Signal:

- Four free parameters:
MadGraph5_aMC@NLO

GEANT4
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Events: Event Selection

Decay channels:

- Dilepton (BR ~ 5 %)

- Lepton + Jets (BR ~ 30 %)

- All Hadronic (BR ~ 44 % )
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Events: Event Selection

● Orthogonal SR for SL and AH cases:
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Events: Control Regions

● Control Regions for SL and AH regions:
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Systematic Uncertainties

Affect pT  normalization

● Lepton reconstruction, selection and trigger
● b-tagging efficiency
● Forward jets
● Pileup
● Luminosity
● ECAL mistiming

Affect pT  normalization & shape

● Jet energy scale
● PDF uncertainties
● W/Z + heavy flavour fraction
● K factors
● top pT reweighting 
● Simulation sample size
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Signal Extraction

Single Lepton , CR Background  fit:
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Signal Extraction

Single Lepton , CR Background  fit:
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Signal Extraction

Single Lepton , SR:
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Results
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“Overall, data are found to be in agreement with the expected SM background in the SRs”
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Results

“Overall, data are found to be in agreement with the expected SM background in the SRs”

Mediator masses below 290 GeV (300 GeV) for the Scalar (Pseudoscalar) are excluded
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Where to now?
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Thank you!
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