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Successfully launched on June 11, 20082
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Sample event display

http://www-glast.stanford.edu/WiredAnimation/4



Particle dark matter or WIMPs

 Cold Dark Matter

 Combined study of the cosmic microwave background 

radiation, supernova cosmology and large Galaxy redshift

surveys that non-baryonic dark matter is needed.

 WIMP (Weakly Interacting Massive Particle)

 Lightest supersymmetric partner (LSP)

 Kaluza-Klein models

 Universal Extra Dimension models

 “WIMP miracle”

 Not much fine tuning necessary 

to account for CDMh
20.1
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Gamma-ray production from WIMPs
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Various method
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GLAST exposure in 5 years

Almost uniform 

within 15%
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Gamma-ray signal

 Gamma-ray flux from G.C.

: annihilation cross section, v: relative velocity, dNf/dE: photon 

yields, Bf: branching ration, :angle from G.C., : density, 

integral over line-of-sight

 Dominant modes in annihilation:

(s-wave annihilation  mf
2/mWIMP

2)

 Density distribution in halos

(,,,rs)=(1,3,1,20kpc)[NFW], (1,3,1.5,28kpc) [Moore]
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Density profile: Moore vs NFW

10 Durret et al., AA 432, 809-821 (2005) 



Backgrounds -1

 Diffuse Galactic gamma-rays

 GALPROP “conventional“ model

based on locally measured 

electron and nucleon 

spectra and synchrotron

pi0 decay

Inverse Compton

Bremsstrahlung

Extragalactic
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Backgrounds -2

 GALPROP “optimized” model 1.8  proton

4  electron

Many reasons:

•SN rate is larger in spiral 

arms.

•Anisotropic 

diffusion/convection

•Reacceleration
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Backgrounds -3

 Extragalactic diffuse gamma-rays

 Isotropic, flux comparable to IC of ISRF/CMB by CR electrons 

 Compton-scattered solar photons by CR electrons (~10%)

 γ-ray albedo of small solar system bodies (asteroids) 

- Sreekumar et al. (1998)

- Strong et al.  (2004)

with “optimized” model
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Backgrounds -4

 Particle backgrounds

 Charged particles, mainly protons, electrons and

positrons, as well as a smaller number of neutrons 

and Earth albedo photons

 GLAST rejection power:105

 Unresolved point sources

 <10% for EGRET, less for GLAST (weaker sources resolved)
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Sensitivity for generic WIMP annihilation -1

 The Galactic center
 TeV source

 WIMP annihilation NOT likely

 2.6106M


black hole at the kinematic centre of our Galaxy, commonly 
identified with the bright compact radio source Sgr A*, or with the 
candidate pulsar wind nebula G359.95-0.04 recently discovered in a deep 
Chandra survey

 EGRET source, 0.2 away from Sgr A*

 Task: distinguish the DM signal from a Galactic diffuse background after 
the astrophysical sources are disentangled and subtracted using the 
information provided by spectral and angular analysis and multiwavelength
observations
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Sensitivity: bb channel
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Sensitivity: W+W- channel
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Sensitivity: +- channel
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Sensitivity for generic WIMP annihilation -2

 The Galactic halo

 Two possible exclusions: 

 (1) Region within 10 of the 
GC 

 (2) Region within 10 of the 
Galactic plane

 Both of these choices will 
avoid the GC (the proposed 
dark matter density profiles 
diverge from one another).

 “Conventional” and 
“Optimized” diffuse models

 NFW profile

50

250

Maximum likelihood fit in energy, latitude and longitude
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<v> sensitivity
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Example of pseudoexperiments
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Sensitivity for generic WIMP annihilation -3

 Galactic satellites

 Galactic sub-halos

 Hierarchical structure formation in CDM models  Large number of 

sub-halos, (10-4 – 10-12)M


, nearly isotropic

 Dwarf galaxies

 Largest clumps predicted by the CDM scenario

 Point sources

 Intermediate size black holes, i.e. wandering black holes with 

masses 102<M/M


<106, which would adiabatically grow “mini-

spikes” of DM.
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Number of observable DM satellites
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Spectra for WIMP satellites
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Distinguishing WIMP satellites from 

background
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Sensitivity to Sagittarius Dwarf
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LAT error ellipses for DM satellites
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Flux needed for separating a DM point 

source
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Spectral fits of DM point sources
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Line signal sensitivity
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 Line signal from  at half the DM mass

 “smoking gun” for WIMP DM

 Branching ratio: ~10-3 or less

LAT energy dispersion



Spectral fit -1
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Spectral fit -2
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Sensitivity contours
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Upper limit contours
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Cosmological WIMP annihilation: 

Extragalactic background spectrum
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Exclusion curves
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GLAST sensitivity to specific particle physics 

models -1
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 mSUGRA

(constrained version 

of MSSM: minimal 

supersymmetric

standard model)



GLAST sensitivity to specific particle physics 

models -2
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 UED (Universal Extra Dimension)

 Lightest Kaluza-Klein Particles (LKP)



Conclusion
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 Using the current state-of-the-art Monte Carlo and event 

reconstruction software developed within the LAT 

collaboration, we present preliminary sensitivity calculations 

for several astrophysical searches of DM annihilation.

 LAT has good potential to discover DM annihilation for a 

significant fraction of interesting parameter space, i.e. for 

values of annihilation cross-section of between < σv >≃ 10−26

cm3s−1 and < σv >≃ 10−24 cm3s−1 depending on WIMP masses 

in the range between 40 and 500 GeV. 

 For less conservative assumptions on the Dark Matter density 

(for example additional substructure or a Moore profile) the 

sensitivity improves by one to two order of magnitudes.


