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IndirectIndirect DarkDark MatterMatter SearchesSearches
DetectabilityDetectability of gamma rays coming from the annihilation of gamma rays coming from the annihilation ofof SUSY DM.SUSY DM.

IACTsIACTs andand satellitessatellites: HESS, VERITAS, MAGIC, GLAST: HESS, VERITAS, MAGIC, GLAST……



The DM gamma signal
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Particle physics astrophysics

NNγγ: : NumberNumber ofof photonsphotons
<<σσ··vv>: cross >: cross sectionsection
MMχχ: : massmass ofof thethe neutralinoneutralino

SUSY SUSY ModelModel::

Prada et al. (2004)



Astrophysical parametersAstrophysical parameters
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Point Spread Function (PSF)
of the telescope:

PSF plays a very important role on the way we “see” the signal.

Previous works did not take into account its effect (except Prada et al. 2004)



TargetsTargets

Where to search?Where to search?
•• Our galaxy (Galactic Center, minihalos, substructure...)Our galaxy (Galactic Center, minihalos, substructure...)
•• Dwarf spheroidal galaxies Dwarf spheroidal galaxies ((e.g. Draco, Fornax, LMC, SMC...)e.g. Draco, Fornax, LMC, SMC...)
•• AndromedaAndromeda
•• Galaxy clusters (e.g. Virgo)Galaxy clusters (e.g. Virgo)

The Galactic Center, in principle the best option...The Galactic Center, in principle the best option...
•• Very near, so flux should be high.Very near, so flux should be high.

•• HESS and MAGIC reported a pointHESS and MAGIC reported a point--like source: a very massive like source: a very massive 
neutralino, no compatible with WMAP cosmology. neutralino, no compatible with WMAP cosmology. 
(Aharonian et al. 2004; Albert et al. 2005)(Aharonian et al. 2004; Albert et al. 2005)

•• Recently, an extended emission was discovered, but associated toRecently, an extended emission was discovered, but associated to
the galactic plane and molecular clouds.the galactic plane and molecular clouds.
(Aharonian et al. 2006)(Aharonian et al. 2006)



GC is a very crowded region !

Black Hole (Sgr A*)

EGRET source

SNR

X-ray source SgrA East

CHANDRA



TargetsTargets (II)(II)

DracoDraco
•• DracoDraco isis thethe dSphdSph withwith more more observationalobservational constraintsconstraints..
•• NearNear (80 (80 kpckpc).).
•• M/L M/L ~ 300~ 300
•• RecentlyRecently, CACTUS , CACTUS reportedreported a gammaa gamma--rayray excessexcess fromfrom DracoDraco..

WhatWhat aboutabout dSphdSph galaxiesgalaxies??
•• HighHigh M/L ratiosM/L ratios
•• AtAt leastleast 6 6 dSphdSph nearernearer thanthan 100 100 kpckpc fromfrom thethe GC (GC (DracoDraco, , 

LMC, SMC, LMC, SMC, CMaCMa, , UMiUMi andand SagittariusSagittarius))



A DM A DM modelmodel forfor DracoDraco

(Kazantzidis et al. 2004)

For α=1, essentially NFW + cut-off:

(Lokas, Mamon & Prada 2005)

NewNew estimationsestimations forfor rrbb andand MMdd accordingaccording toto thethe latestlatest data data 
analysisanalysis::
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Cusp (α=1): Core (α=0):



A DM A DM modelmodel forfor DracoDraco (II)(II)
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BothBoth profilesprofiles similar up similar up toto 1 1 kpckpc
((constrainedconstrained by by thethe data).data).

DifferentDifferent breakbreak radiusradius toto
reproduce reproduce thethe knownknown velocityvelocity
dispersiondispersion profileprofile..

(Sánchez-Conde, Prada, Lokas et al., in prep.)

Cusp

Core



U(U(ψψ00) ) predictionspredictions forfor DracoDraco

U(U(ψψ00) ) predictionspredictions forfor thethe ““corecore”” and and ““cuspcusp”” density profiles; PSF=0.1density profiles; PSF=0.1ºº
(the typical PSF for an IACT like MAGIC or HESS).(the typical PSF for an IACT like MAGIC or HESS).
WeWe couldcould distinguishdistinguish betweenbetween themthem thanksthanks toto a a characteristiccharacteristic shapeshape in in 
eacheach case.case.
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TheThe role role ofof thethe PSFPSF

ForFor thethe samesame modelmodel, a , a worseworse PSF PSF flattenflatten thethe profileprofile..

ForFor differentdifferent modelsmodels, a , a worseworse PSF PSF makesmakes indistinguishableindistinguishable thethe profilesprofiles
becausebecause allall ofof themthem havehave thethe samesame shapeshape..
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A A revisionrevision ofof CACTUS CACTUS resultsresults
CACTUS:CACTUS:

A A groundground basedbased gammagamma--rayray telescopetelescope in California.in California.
SensitiveSensitive toto gammagamma--raysrays aboveabove 50 50 GeVGeV, , andand AeffAeff ~50000m~50000m22

ItIt waswas designeddesigned forfor solar solar observationsobservations andand no no forfor gammagamma--rayray
astronomyastronomy. PSF . PSF aroundaround 11ºº..

RecentlyRecently, , theythey reportedreported a gammaa gamma--rayray excessexcess fromfrom DracoDraco
((MarleauMarleau 2005)2005)

- Flux estimations computed
without taking into account
the PSF.

- CACTUS data was
superimposed, but they have
a PSF of 1º!

Profumo & Kamionkowski (2006)



A A revisionrevision ofof CACTUS CACTUS resultsresults (II)(II)
ItIt isis crucial crucial herehere toto taketake intointo accountaccount thethe effecteffect ofof thethe PSF:PSF:

•• WihtWiht a PSF = 1a PSF = 1ºº ((thethe CACTUS PSF), CACTUS PSF), itit isis impossibleimpossible toto discriminatediscriminate
betweenbetween thethe flux flux profilesprofiles..

•• OnlyOnly thethe absoluteabsolute flux flux couldcould givegive usus a a clueclue, , butbut too too manymany uncertaintiesuncertainties!!!!
•• WithWith a PSF = 0.1a PSF = 0.1ºº, , wewe couldcould distinguishdistinguish betweenbetween thethe differentdifferent flux flux 

profilesprofiles ((andand differentdifferent modelsmodels forfor thethe DM DM densitydensity profileprofile).).
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ConclusionsConclusions

TheThe PSF PSF ofof thethe instrumentinstrument isis crucial:crucial:
ToTo estimateestimate correctlycorrectly thethe expectedexpected flux flux duedue toto DM DM annihilationannihilation..
ItsIts effecteffect couldcould makemake impossibleimpossible toto discriminatediscriminate betweenbetween differentdifferent
modelsmodels ofof thethe DM DM densitydensity profileprofile..

CACTUS: CACTUS: 
TheirTheir resultsresults forfor DracoDraco ((ifif real) real) shouldshould be be interpretedinterpreted carefullycarefully. No . No 
possibilitypossibility toto saysay cuspcusp oror corecore…… May be they only detected an May be they only detected an 
excess signal.excess signal.
IfIf thethe excessexcess isis real, MAGIC real, MAGIC shouldshould seesee thethe signalsignal withoutwithout problemsproblems
andand couldcould distinguishdistinguish amongamong thethe differentdifferent DM DM densitydensity profilesprofiles..

NewNew resultsresults fromfrom GLAST (PSF<0.1GLAST (PSF<0.1ºº) ) willwill be be veryvery importantimportant in in thethe
indirectindirect searchsearch ofof DM.DM.

IACTsIACTs withwith LFOV LFOV andand highhigh sensitivitysensitivity are are thethe nextnext stepstep..



GAW GAW –– Gamma Air Watch: Gamma Air Watch: 
a new IACTa new IACT

GAW is a R&D path-finder experiment for γ-ray astronomy:
- Above 0.7 TeV. PSF around 0.2º
- 3 identical telescopes working in steoroscopic mode (80m side).
- To test the feasibility of a new generation of IACT Cherenkov 
telescopes, which join high sensitivity with large Field of View.

GAW is a collaboration effort of Research Institutes in 
Italy, Portugal, and Spain.

GAW is planned to be located at Calar Alto Observatory,  
Spain, ~2150 m a.s.l..

GAW is an R&D experiment under development; a first 
part of the array should be completed and operative 
within winter 2008.



DracoDraco andand GAWGAW
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- Draco around 1.5º in the sky. GAW PSF = 0.2º

- If only detectability, no image, and S/N > 5σ (integrated flux)

- Large uncertainties: fsusy for 700 GeV, MW signal and
substructure,   Draco inner profile…

If we take:
1) fsusy = 10-34ph·GeV-2·cm-3·s-1 for 0.7 TeV

2) a NFW with an exponential cut-off density profile:

FDraco,NFWc ≈ 2.4876 -11 ph cm-2 s-1

[Fmin,GAW (50 h; 5σ) ≈ 3.5·10-12 ph cm-2 s-1]
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