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Talk Plan

Overview experimental
techniques &
problems by search
region:

 Galactic satellites
 12 slides

 Galactic center
 4 slides

 Galactic halo
 1 slide

 Extra-galactic
 2 slides
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Galactic Satellite Search
Signature list:
• Lack of association w/

counterparts (mostly)
• Lack of variability (mostly)
• Flat powerlaw index

below 100MeV
• Hard, broken powerlaw

indices above 100MeV
• cutoff of flux (at mass of

WIMP, somewhere
>10GeV)

• Line
• Extendedness

Dark matter candidate selection
from GLAST point source
catalog:

• Selection of “final candidates”
using loose cuts on various
signatures (see list)

• LAT-wide studies of final
candidates, i.e. how likely are
the final candidates to be
non-WIMP sources according
to AGN group, pulsar group

• Comparison of spectra for
final candidates, i.e. WIMP
annihilation spectrum is
universal
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Counterparts
Dark matter is “dark”, i.e.

not visible except (we
hope) in gamma rays

• Select low probability of
association for each point
source, for each
counterpart catalog:

• E.g. Mattox, Hartman,
Reimer 2001 (5GHz
catalog); |b|>3

• Loosely cut on high
probabilities
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Counterparts – Neutrinos &
Electrons

• If ρWIMP~ρanti-WIMP or WIMP=anti-WIMP,
expect tree-level annihilation to quark
pairs
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Counterparts - Radio

Special cases:
• Bertone, Sigl, & Silk

(2001) fit radio and
gamma data from Sgr
A* to WIMP
annihilation models

• Baltz & Wai (2004)
extended radio
source below 1GHz
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Counterparts - TeV

Feng , Matchev, Wilczek
PRD63:045024 (2001)

WIMP annihilation flux

• GLAST is
superior for
continuum
radiation

• GLAST
provides a list
targets for
ACT’s

• ACT’s are
more
sensitive in
the WIMP line
region

VERITAS / HESS
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Variability
Theoretical expectations:
• Expect WIMP annihilation to be

non-variable at GLAST
timescales, i.e. clump crossing
time ~10Myr

• Except for the case of dark
matter accumulation near black
holes (e.g. galactic center); in
that case can have variability at
scale of black hole orbits (as
short as 10min timescales for
GC)

Variability analyses
• Month time scale, i.e. Nolan et

al (2003)
• Day time scale, i.e. Wallace et al

(2000)
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Extended sources
• Dark matter is in

general extended due
to weak interaction,
i.e. can’t get rid of
angular momentum

• Also can have
extended emission a
la Baltz & Wai (2004),
i.e. inverse Compton
of WIMP produced
electrons

• For ~psf extended
sources leverage off
of GLAST catalog, i.e.
for prompt emission
from “close” clumps

• For very large
(~10deg) extended
sources need special
analysis, i.e. inverse
Compton signal
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Extended Sources
• Only confirmed

extended source in
3rd EGRET catalog:
specialized analysis
of LMC by Sreekumar
et.al. (1992)

• 3rd EGRET catalog
~50% of sources
“possibly” extended
(“em” label under
“notes”)
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Below 100 MeV
• Boosted pi-zero

spectra peak at
67.5MeV

• EGRET catalog
does not go below
100 MeV

• Can any of the
GLAST sources be
shown to have flat
spectra below 100
MeV?
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Below 100 MeV
• Effective area drops sharply

below 100 MeV due to low
reconstruction efficiency; thus,
all observed spectra will “roll
over” below 100 MeV, whether
powerlaw or pi-zero spectrum

• Pi-zero spectrum will have
“greater deficit” than expected
for straight powerlaw

• Need careful study of effective
area vs energy below 100 MeV

• Use Van de Graaff at 18.6MeV;
push limits of SLAC test beam
below 100MeV



LAT DM & EP July/05
Workshop

Larry Wai / SLAC-Stanford U. 13

From 100 MeV to 10 GeV

• Select sources with
extremely hard
spectra (power law
slope>-1.5)

• Select sources with
broken power law
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Above 10 GeV

• Search for steepening of spectrum, “cutoff” of source flux
(at mass of WIMP) – need careful study of >10GeV
diffuse background spectrum

• Search for lines – need good validation of energy
dispersion in MC >10GeV, i.e. SLAC test beam
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Galactic center
• Specialized modeling

of gamma ray
emitters within 200pc
of GC (i.e. 1.5deg) for
1 GeV analysis
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Galactic Center

Need DM variability
estimate < 1pc

• ~day timescale variability
observed by Wallace et.al.
(2000)

• ~month timescale
variability observed by
Nolan et.al. (2003)
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Galactic Center
Nolan et.al.(2003); GC delta=0.48 (0.29-0.75)
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Galactic Center
EGRETGLASTMayer-Hasselwander (1998)

- EGRET point source
“close to” the galactic
center
Spatial analysis
•100MeV-300MeV (l ~ -0.75deg)
•300MeV-1GeV (l ~ -0.30deg)
• > 1GeV (l ~ 0.05deg)
• > 5GeV (l ~ 0.20deg)

Cesarini, Fucito,
Lionetto, Morselli,
Ullio (2003)

Mayer-Hasselwander et.al. (1998)

Hooper and Dingus (2002)

HESS?

3EG 95% CL
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Galactic Halo

• Stoehr et.al. (2004):
flux from WIMP
annihilation largest at
~10deg from GC

• Need to study
uncertainties in IC
and dust components
of galactic diffuse
model
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Extra-galactic
For galactic satellites below

detection threshold:
• Search for non-variable,

galacto-centric non-
uniformity in extra-
galactic diffuse
background

• AGN below detection
threshold will be uniform
across sky, variable
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Extra-galactic

For “cosmological”
extra-galactic DM:

• Ullio et.al. (2002):
search for redshifted
lines; background is
unresolved blazars
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Summary
Main search regions are at

high latitude:
• galactic satellites
• galactic halo
• extra-galactic
One low latitude search

region:
• the galactic center

Main signatures:
• ultra-hard spectra
• broken powerlaws
• Lines (>10GeV)
• lack of variability (except

possibly galactic center)
• Lack of counterparts

(except possibly galactic
center)

• Extendedness
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Experimental Challenges
Modeling
• Galactic diffuse – what is

expected w/o WIMP
annihilation

• Galactic Center – what is
expected w/o WIMP
annihilation

• Dark matter halo realizations
• Dark matter spectra for various

masses

Analysis for all GLAST catalog
sources:

• powerlaw indices
• broken powerlaws
• lines
• Extendedness
• Variability
• counterpart associations
Special analyses:
• Galactic Center
• Large extended sources

(~10deg)
• Galactic halo
• Extragalactic diffuse


