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What do we know about Dark Matter

A From Astronomical observations
T Neutral, cold, stable

I Not baryonic, weakly interacting
i " F n do DS kFORM/s 1

A What we would like to know?
Isit a fundamentalparticle?
Whatare itsproperties?

Howdoes itinteract?

Whatis the symmetry origiof the dark matterparticle?
Isdark matter composed afne particlespecies omany?
Howand when was it produced?




Experimental Searches for Dark Matter

A Astrophysical experiments
I Direct detection

T Indirect detection

A Longbased
A High altitude
A Space based

A Collider experiments (LHC)

I Measurements are complementary to astrophysical searches

I LHC discovery of new physics, such as SUSY, and measurements of the
underlying model parameters.

A Compare to DM hypothesis
A Predict DarkMatter
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Nature of Dark Matter?

A Constraints from experimental observations were no match t

theorists imagination. ;gi;: |
A Variations of models, but not | v f
all of them are equally IZ; I ] 5
motivated ;

Wimps andSuperWimpsgould be produced N
In colliders |0"‘j: 1 KK graviton
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A WIMPS could be the ideal DM candldates

i Naturally produced in many models like SUSY, d&xtlaY Sy aA 2y > f A

I Gives naturally the correct Dark Matter relic density

A Amount of remaining dark matter is inversely proportional to its annihilation cross
section: Ky~ <" v>1~0.1



SUPERSYMMETRY

A Well motivated extension to the Standard Model. Introduces
fundamental continuous fermionisoson symmetry
I SM particle haveupersymmetric a_
partners, differ by spin Y2
I Sparticleshould have the same

mass as SM particles:
A Not observed! SUSY must be a broke
symmetry at low energy

Minimal Supersymmetric Standard Model (MSSM)

A SUSY stabilizes Higgs mass against large loop correction
i PredictHA 33& Yl a4 X mMonDS+
f



SUSY and Dark Matter

A R-parity conservation introduced to avoid proton decay:
I Sparticlesare produced in pairs.
I LightestSupersymmetri®article (LSP) is absolutely stable

A LSP is a neutral, weakly interacting massive particle (WIMP)
I Good candidate for Dark Matter

A Which LSP depends on the point of the parameter space
I LSP could bEeutralino (WIMP),Gravitino(SuperWIMP

A MSUGRA

I SUSY masses unify at Gd¢&lem,, m, /.
i tan A, signé)
T Neutralino LSP

A Four regions WIthW e rraind W due to enhanced annihilation in
early universe



MSUGRAarameter space

Within mSUGRAvarameter space, only few regions are compatibles with experimental

Constraints.
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ATLAS Benchmark Points iesUGRA

Exclusion regions for A= 0,m> 0, tarb = 10
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The LHC and the ATLAS detectol
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LHC Is back!!!

* Recovered from Sep. 2008 quenched « 12/08/2009 : 1st p-p collision @ v's=2.36

~_*Damaged tew superco

o =Y SN




The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



The ATLAS detector

i A Precise tracking:
won A | i Charged particles
I Vertex reconstruction

A Electomagneticalorimeter

I electron/photon identification
! | A Hadronic+tEMcalorimetry
Hadroni i Jets
T I Missing transverse energy (MET)

e et A Muon Spectomer
— \ e delocor i Standalomemuonidentification

Eecromaget . A Full 4 coverage, but longitudinal

Calorimeter

s 7 boost unknown. Only transverse
‘ Toor. | SAEN momentum is conserved.

Tracking

detector

PixelSCT 7 " L EXPERIMENT

S A Some variable used for SUSY/DN

analysis
h jet.d lep.i i 2’1’2 - ]
Megr = Z pr+ Z«PTP' +Ef Sr = (AR Sij = Y Prip"
i=1 =

i=1
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The ATLAS detector with first LHC data

Subdetector Number of | Approximate - 0 .
c.,,,,,,,., vl A ~98-100% operational

Pixels 80 M 97.9% A Tracking system (pixel, SCT, TRT) f
SCT Silicon Strips 6.3 M 99 3% operational when stable beam
TRT Transition 350 k 98.2% A Peak instantaneous Luminosity
Radiation Tracker 7x16 cmést!
H 0 . . .
LAr EM Calorimeter 170k 98.8% A Average data taking efficieney90%
Tile calorimeter 9800 99.2% . .
A Collected luminosity~20 nb?

Hadronic endcap 5600 99.9% _
LAr calorimeter (~12nb? during stable beam)
Forward LAr 3500 100% o X0 _ _
calorimoter *g‘ 900 ATLAS CoII|§|on Ca'lnd'ldates . _,—

T 800E- MBTS A/C-side Coincidence Trigger
MDT Muon Drift 350 k 99.7% 5 -
Tubes E 700 —

E 600 — Total
CSC Cathode Strip 31k 98.4% Z 5000 _

) - = During Stable Beams
Chambers 2 400C

© =
RPC Barrel Muon 370 k 98.5% g 300/
Trigger © 200t
TGC Endcap Muon 320 k 99.4% 1002—
Trigger kg s
LVLA1 Calo trigger 7160 99.8% Bayin.Becambet




T CATLAS |
*EXPERIMENT

2009-12-06, 10:24 CET
Run 141749, Event 460665

Event with
Kg—> mt+m—
Candidate

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

Scatter Plot of Hits on Tracks
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Both tracks: P, > 100 MeV, Si hits > 6
cos(8) = 0.8, flight distance > 0.2 mm

# Data
1 Simulation

= Gauss (+poly) fit

p= 497.5+ 0.1 (stat) MeV
o=  8.2+0.1 (stat) MeV

PDG (2009) m. = 497.614 £ 0.024 MeV
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%ATLAS Jet Event at 2.36 TeV Collisiono Energ§/

2009-12-14, 04:30 CET, Run 142308, Event 482137

EX P E R I M E N T http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.htmi



ATLAZ alorimeters response



