
INSTITUTE OF EXPERIMENTAL NUCLEAR PHYSICS

Dark Matter and SUSY searches at the LHC
9th Patras Workshop on Axions, WIMPs and WISPs
Stefan Wayand for the ATLAS & CMS collaboration | June 25, 2013

KIT – University of the State of Baden-Wuerttemberg and

National Laboratory of the Helmholtz Association

www.kit.edu

http://www.kit.edu


Outline

1 Introduction
The Hardware

2 Searches
Dark Matter
CMSSM
SMS
p/N MSSM
Conclusion

3 Conclusion

Introduction Searches Conclusion

Stefan Wayand – DM/SUSY at LHC June 25, 2013 2/24



The LHC

Lint for physics

∼ 5 fb−1 for ATLAS and CMS at 7 TeV pp collisions

∼ 20 fb−1 for ATLAS and CMS at 8 TeV pp collisions
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The Detectors

ATLAS CMS

Thanks to thousands of people both detectors performing very well

Grid Computer infrastructure allowing fast analysis
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The Reconstructed Objects

Objects and Kinematics

Objects typical values description
µ >10 GeV Muons (with isolation requirements)
e >10 GeV Electrons (with isolation requirements)
γ >20 GeV Photons
τh >20 GeV hadronically decaying τ
jet >20 GeV hadronization of q or g
b-jet >20 GeV Jets coming from b-quarks
jet activity res. ∼ 10 GeV Jet activity

∑
|ET |

missing energy res. ∼ 20 GeV Missing transverse Energy -
∑
~pT

Reconstruction multiple interactions (PU).
<21> Interactions per bunch crossing in 2012
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Building your Analysis

Look for the Objects in the final state

Take a trigger which contains your objects

Simulate the signal
Consider all backgrounds processes

Use data driven background determination for main backgrounds
Use MC for rare backgrounds

Find a way to maximize the signal over background ratio
Sequential cuts
Shape analysis
Multivariate methods

Determine uncertainties
Trigger
...

Make the interpretation
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Motivation for Dark Matter

Dark Matter
....

....

Not needed at this workshop
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Dark Matter production

Direct DM searches use interaction
between Wimps and SM particles

If Wimps interact with SM they can be
produced direct at LHC

Hard to trigger such events
→ use events with ISR

leads to events with missing energy and only one
Jet
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Exclusion for Dark Matter scenarios

Mono Jet Analysis
Make assumptions on interaction for cross section limits

axial vector interacktion = (χ̄γµγ5χ)(q̄γµγ5q)
Λ2 [spin dependent]

vector interacktion = (χ̄γµχ)(q̄γµq)
Λ2 [spin independent]

scalar interacktion =
(χ̄χ)αs(Ga

µν)2)

Λ2 [spin independent]
cutoff Λ = M√
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CMS-PAS-EXO-12-048

http://cds.cern.ch/record/1525585?ln=en


SUSY

SUSY
Is a well defined theory

Cross section is in LHC range

Provides a Dark Matter candidate (LSP)


χ̃0

1
χ̃0

2
χ̃0

3
χ̃0

4

 = M


B̃

W̃ 3

H̃1

H̃2
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CMSSM

CMSSM
Has only four GUT scale parameters

Common masses for spin 0 and spin 1/2: m0 and m1/2
Ratio of the vevs for two Higgs doublets: tanβ
Trilinear coupling: A0

Predicts masses by running couplings and masses from GUT scale
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The well known CMSSM

Strong production
dominates over the
excluded parameter space

Searches for jet activity and
missing energy are most
sensitive

Mass limits in CMSSM

mg̃ > 1200 GeV (1)

LSP(Bino like): mχ̃0
1
≈ 0.4 m1/2

→ LSP > 220 GeV

mq̃ > 1800 GeV (2)

mhiggs = 126 GeV→ mstop ≈ 3 TeV
(Beware: only valid for two Higgs doublets, not for extended Higgs sector)
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Simplified Models (SMS)

What is it good for
Only consider one Feynman diagram→ 3 (mass) parameters

Clear signatures, because of 100 % branching

Combination of different SMS can reproduce other SUSY models
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Gluino-mediated bottom- and
top-squark production

Gluino production has
large cross section

Coloured particles→
large jet activity

Analyse the result in
missing energy (from χ̃0

1
) and jet activity
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arXiv:1305.2390

http://arxiv.org/abs/1305.2390


Search for direct production of
charginos and neutralinos (EWKino)

.

.

Very low cross section

Final state contains
leptons→ good
background separation

SM WZ production is
main background,
suppress with MT and
m``
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m`` = invariant mass of 1rd and 2rd lepton
MT = transverse mass of missing energy and 3rd lepton

ATLAS-CONF-2013-035

http://cds.cern.ch/record/1532426


Search for direct stop pair production

Direct stop production

Final state contains at
least 2 b-jets

The final state is very
sensitive to mχ̃±1

- mχ̃0
1
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t̃∗
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W−
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1
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b

SMS interpretation
SMS exclusions assumes 100% BR

→ Only probe masses
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ATLAS-CONF-2013-053

http://cds.cern.ch/record/1547570


ATLAS-Summary

Model γ, τ, µe, Jets
miss
TE ]-1 [fbLdt∫ Mass limit Reference
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~
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1
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q
~
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~
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g
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~
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 NLSP)l
~

GMSB ( τ1-2 0-2 jets Yes 20.7  >18βtan ATLAS-CONF-2013-026
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0  
1

χ∼bb→g
~

0 3 b Yes 12.8 ) < 200 GeV0  1χ∼m( ATLAS-CONF-2012-145
0  
1

χ∼tt→g
~

 (SS)µ2 e, 0-3 b No 20.7 ) < 500 GeV0  1χ∼m( ATLAS-CONF-2013-007
0  
1

χ∼tt→g
~

0 7-10 jets Yes 20.3 ) <200 GeV0  1χ∼m( ATLAS-CONF-2013-054
0  
1

χ∼tt→g
~
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CMS-Summary
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Phenomenological MSSM

19 parameters to explore MSSM at
SUSY scale

M1, M2 and M3 (gaugino masses)
tanβ, µ, mA

10 sfermion mass parameters
At , Ab and Aτ

Produced over 7k model points
sparticle masses up to 3 TeV

Consider several constraints

Uses SMS results to test each
parameter point
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Results from the pMSSM
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Phenomenological MSSM
LHC has an influence on MSSM

BLUE line are still allowed scenarios
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Stefan Wayand – DM/SUSY at LHC June 25, 2013 20/24

CMS-PAS-SUS-12-024

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS12024


The NMSSM
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The NMSSM

NMSSM
Add singlet to Higgs-sector (singlet does not couple to anything)

→ Solves µ problem
→ Increases Higgs masses on tree level

MSSM: mt̃ ≈ 3 TeV, NMSSM: mt̃ < 1 TeV

→ LSP mostly super partner of the singlet (S̃)
LSP light (50-130) GeV
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NMSSM Outlook
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CMS-Talk Wim de Boer TAM 2013

http://indico.cern.ch/conferenceDisplay.py?ovw=True&confId=199008


Conclusion

LHC is a beautiful machine for testing new physic scenarios

ATLAS and CMS developed many different analysis

Results are interpreted into many beyond SM scenarios

No significant deviation from SM is observed

We tested squarks and gluinos up to TeV range

Looking forward to LHC at higher energy and higher luminosity
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BACKUP
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Mono Jet Result
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