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What do we know about Dark Matter

ÅFrom Astronomical observations
ï Neutral, cold, stable

ï Not baryonic,  weakly interacting

ï ˊ̝ҒлΦоDŜ±κŎƳ3 ± Ғ ннл km/s

ÅWhat we would like to know?
ï Is it a fundamental particle?

ïWhat are its properties?

ï How does it interact?

ïWhat is the symmetry origin of the dark matter particle?

ï Is dark matter composed of one particle species or many?

ï How and when was it produced?



Experimental Searches for Dark Matter

ÅAstrophysical experiments
ïDirect detection

ï Indirect detection
ÅLong-based

ÅHigh altitude

ÅSpace based

ÅCollider experiments (LHC)
ïMeasurements are complementary to astrophysical searches

ïLHC discovery of new physics, such as SUSY, and measurements of the 
underlying model parameters.
ÅCompare to DM hypothesis

ÅPredict Dark Matter 

parameters ʍ̝h2, m Σ̝ ˋp̝
Sietc. 

compare with astrophysics data



ÅConstraints from experimental observations were no match to 
theorists imagination.

ÅVariations of models, but not

all of them are equally 

motivated

ÅWIMPS could be the ideal DM candidates
ï Naturally produced in many models like SUSY, extra-ŘƛƳŜƴǎƛƻƴΣ ƭƛǘǘƭŜ IƛƎƎǎΧ

ï Gives naturally the correct Dark Matter relic density

ÅAmount of remaining dark matter is inversely proportional to its annihilation cross 
section:   ҠDM~< ̀ v > -1~0.1 

Nature of Dark Matter?

Wimps and SuperWimpscould be produced 
In colliders 



SUPERSYMMETRY

ÅWell motivated extension to the Standard Model. Introduces 
fundamental continuous fermions-boson symmetry 
ïSM particle have supersymmetric

partners, differ by spin ½

ïSparticlesshould have the same 

mass as SM particles:
ÅNot observed! SUSY must be a broken 

symmetry at low energy

ÅSUSY stabilizes Higgs mass against large loop correction
ïPredict HƛƎƎǎ Ƴŀǎǎ Җ морDŜ± 



SUSY and Dark Matter

ÅR-parity conservation introduced to avoid proton decay:
ïSparticlesare produced in pairs.

ïLightest SupersymmetricParticle (LSP) is absolutely stable

ÅLSP is a neutral, weakly interacting massive particle (WIMP)
ïGood candidate for Dark Matter

ÅWhich LSP depends on the point of the parameter space
ïLSP could be Neutralino(WIMP), Gravitino(SuperWIMP)

ÅmSUGRA
ïSUSY masses unify at GUT-scale m0, m1/2

ï tanʲΣA0, sign(˃ )

ïNeutralino LSP

Å Four regions with  W NEUTRALINO ºW DM  due to enhanced annihilation in 
early universe



mSUGRAparameter space

Within mSUGRAparameter space, only few regions are compatibles with experimental
Constraints.



ATLAS Benchmark Points for mSUGRA

Exclusion regions for A0 = 0, m> 0, tanb= 10



The LHC and the ATLAS detector
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ÅLarge HadronCollider Design 
parameters
Åp-p beam @ 14 TeVCM energy
ÅLuminosity 1033-1034cm-2s-1

ÅBunch crossing rate 40 MHz
ÅEvents per bunch crossing ~20
ÅLint = 10fb-1ς100fb-1 /year 

p pҞǎҐмп TeV



LHC is back!!!



The ATLAS detector



The ATLAS detector

Å Precise tracking:

ï Charged particles

ï Vertex reconstruction

Å Electomagneticcalorimeter

ï electron/photon identification

Å Hadronic+EM calorimetry

ï Jets

ï Missing transverse energy (MET)

Å Muon Spectomer

ï Standalomemuonidentification

Å Full 4pcoverage, but  longitudinal 
boost unknown. Only transverse 
momentum is conserved.

Å Some variable used for SUSY/DM 
analysis



The ATLAS detector with first LHC data

Å ~98-100% operational

Å Tracking system (pixel, SCT, TRT) fully 
operational when stable beam

Å Peak  instantaneous Luminosity 
7x1026 cm2s-1 

Å Average data taking efficiency ~90%

Å Collected luminosity  ~20 mb-1

(~12mb-1 during stable beam)







ATLAS Calorimeters response 


