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Abstract: The Gamma-Ray Large Area Space Telescope (GLAST), schibtiulee launched in Fall
2007, is a next generation high energy gamma-ray obseywafbe Large Area Telescope (LAT) instru-
ment on-board GLAST with a wide field of views(2 sr), large effective area and 20 MeV:#300 GeV
energy range, will provide excellent opportunity for fiduDark Matter studies. We present an overview
of the GLAST Dark Matter and New Physics Working Group efontthe study of the LAT capability to
detect a gamma-ray flux coming from WIMP pair annihilatiomsliffuse astrophysical sources. Particu-
lar attention will be given to extragalactic diffuse gamnag-radiation and line searches from annihilation
into gamma-gamma and/or gamma-Z final states.

Introduction monochromatic gamma rays with an enefgy ~
my and B, ~ my (1 —m%/4m?). Since these
The nature of the Cold Dark Matter (CDM) has gamma rays are monochromatic and have high
been a subject of special interest to high-energy ergy, they would constitute a spectacular signat
physicists, astrophysicists and cosmologists for of annihilating dark matter.
many years. It is probably one of the most out- The LAT Dark Matter and New Physics Workin
standing open questions in present day Cosmology.group has been developing approaches for the
The existence of Dark Matter is required from direct detection of both diffuse and point like [
galactic scale up to cosmological scale by a wealth source observations with the GLAST-LAT detect
of observations and arguments such as rotation[2]. We will focus here on diffuse source observ
curve data, cluster dynamics or gravitational arcs. tions and, as an example, particular attention \
At the same time, the Cosmic Microwave Back- be given to extragalactic diffuse gamma-ray rad
ground measurements limit the contribution from tion [3] and line searches [4].
ordinary baryons so that non-baryonic matter has
to make up most of the matter in the Universe.

Virtually all potential dark matter candidates re-
quire physics beyond the standard model of par-
ticle physics. One of the most widely studied ) ) .
model is supersymmetric extensions of the stan- |t Nas been first pointed out by Bergstrom et
dard model which provides a natural candidate for [°] that the integrated signal of WIMP annihilé

CDM in the form of a stable Weakly Interacting 10NS into high energy photons over all cosmolc
Massive Particle (WIMP), the Neutralino. ical dark matter halos at all redshifts might co
’ tribute to the extragalactic diffuse gamma-ray ra

Extragalactic diffuse gamma-ray radia-
tion

The mutual annihilation of these WIMPs would :
. . ) - ation.

yield (among a few other indirect signatures like i ) ) ,

energetic neutrinos, antiprotons or positrons) many | N€ resulting differential energy flux per unit are

high energy gamma rays>( GeV) that can be tlme—ener.gy and solid angle on the sky can be w

well measured in the GLAST LAT. WIMP anni- €N as [6]:

hilation intoy~ and oryZ final states would give
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where we can distinguish contributions from parti-
cle physics, astrophysics and cosmology.

The particle physics contribution lies in the anni-
hilating cross section, the WIMP massn,, and
the differential gamma-ray yield per annihilation :

Ny _ dNeons
dE ~ dE

(E) + byyd(my — E)

Here,dN_on:/dE is the mean number of photons
due to WIMP annihilations summed over all rele-

vant channels and gives rise to a continuous energy.

spectrum. This term is reduced to a delta function
in the case of monochromatic photons as expresse
in the second term whete, is the branching ratio
into v+.

As the annihilation rate is proportional to the dark
matter density squareg{ being the present day
mean density), it depends strongly on how dark
matter is distributed on small, galactic and sub-
galactic scale. This question is still a matter of de-
bate however N-body simulations show that large

structures formed by the successive merging of

small substructures, with smaller objects which are
usually more dense [7]. The “clumpiness” of dark
matter can then significantly boost the annihilation
signal from cosmological WIMPs. The quantity
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Figure 1:

value Hy, and the dimensionless quantity h(:
which depends on the energy content of the L
verse at a given redshift. For the fractions of ci

qcal density given by matter, vacuum energy a

curvature, we used the results from the WM/
three-year data [10].

To compute the GLAST LAT sensitivity to Darl
Matter contribution to the extragalactic diffus
gamma-ray radiation, we used the Observat
Simulator (ObsSim) [11]. LAT photons for .
generic model of WIMPs annihilating inti and
into 2~ were generated for different WIMP mass
ranging from 50 GeV to 250 GeV.

Assuming that the background consists of un
solved blazars [6], a2 analysis was performec
to obtain a 30 exclusion curves in thev vs m,

A2 describes the average of over density squaredPlan for one year of simulated data (fig. 1).

in haloes, as a function of redshift.

Since we consider contributions from annihilations
at high redshifts, the extragalactic gamma-ray sig-
nal is strongly affected by absorption in the inter-
galactic medium, especially at high energies. The
terme—"(*F0) accounts for absorbtion of gamma-
rays along the line of sight where the absorption
is parameterized by the the optical depth We
include the effect of absorption using parameteri-
zations of the optical depth as function of both red-
shift and observed energy [8]. More recent calcula-
tion of the optical depth [9] do not alter our results
significantly.

Two different halo profiles have been consider
for the normalization : the Navarro Franck Whi
smooth profile [12] (NFW) and NFW profile wher
we also have included the effect of substructut
We assumed that substructures constitute 5% of
mass and have three times the concentration
rameter of the parent halo. The concentration

rameters, as a function of halo mass, is distribu
according to [13].

As shown in fig. 1, depending on the Dark Matt
halo model, the GLAST LAT would be sensitive 1
annihilating cross-sections from fei)—2% up to

10725 ¢m3s~1.

The last contribution comes from cosmological One should note that this estimate neglects cor
model : the Hubble parameter at the present day butions of instrumental background, uncertaint
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introduced by the analysis (where point-sources 55 day full sky scanning mode exposure (unifo
and galactic diffuse emission have to be taken into all-sky coverage for the LAT in scanning mode
account) and finally that the extragalactic back- Energies of 25, 50, 75, 100, 125, and 150 G
ground spectrum from astrophysical sources is were considered. NB: The DC-2 version of tl
very uncertain, especially at high energies. LAT IRFs cut off at 200 GeV, the currently avai

able LAT IRF version extends beyond 300 GeV.

The ObsSim results for the all-sky scan were w

Line searches from WIMP annihilation fit to a double Gaussian distributio®; :

into v~ and/or vZ final states
(I)l(Ev EOv NT7T7 01, 0—2) =
The detection of monoenergetic photons from mu-

tual annihilation of WIMPs would be a very dis- Nr |1- TG*% N Lei%
tinct “smoking gun” signal of Dark Matter content Vor | o1 o

in the Universe. These processes are however loop
suppressed and, in popular SUSY models, theseWNereNr = Ni + Ny, andr = Ny/Nr .

lines only occur at the- 10~ to ~ 102 branch- The all-sky diffuse background was generated
ing ratio level, leading to a great challenge in de- 5 years and the flux in the galactic anulus was
tection. with an exponential backgrounds:

The LAT Dark Matter and New Physics Working
group computed a preliminary estimate of the LAT
sensitivity at 50 above background and 95% up- For each line, the input background was bo
per limits confidence level (ULCL) to these WIMP strapped with ’a MC signal 1000 times and fit
lines. Two cases have been investigated, the firstq)1 + @, and®,, to compute the & signal sen-
b?|r(1jgbwhSeLr}St$e line ;}anergy r:S ‘E&OC‘;V”T(E-Q- sup;j sitivity for 5 years of observations. This series
phied by searches atthe . )- The second 1500 bootstraps was re-run varying only the av
case, when energy is unknown, is less constraining age number of MC signal counts (constant acr
as further statistical treatment is needed to accountthe series) untik Ay? >= 2 2 925

for the number of energy bin rched over th : X 2= Xay 4o, — Xo, ™

or the number of energy bins searched over the (corresponding to a & signal over background)

range of interest. The average number of signal counts needec
The gamma-ray line signal depends strongly on each energy was then converted to a sensitivity
Dark Matter halo and on the diffuse baCkgrOUnd |ng average exposures integrated over the ann
models. The best signal-to-noise is expected [14] (fig 2). The LAT detection sensitivity for a line
for an observation of a galactic centered broad bro- of unknown energy £ € [40,150] GeV) for a 5
ken annulus (e [25? , 35°]), which excludes the 5 above background signal corresponds to a ¢
region within10 from the galactic plane. fidence level ofl0~". To calculate the number c
For this study we estimated the galactic diffuse counts needed at each energy in this case we 1
background in this anulus from Galprop [15] the probability of no detection in a single bip,
which is based on EGRET and other data in the

®y(E;a,b) = a x eP/¥ for E € [40,200] GeV.

1- P)1/#ofEnergyBins

EGRET energy range. The high energy range (up q=

to 150 GeV), for which the line sensitivity is com- Hofo

puted in this proceeding, has been obtained from — L/ et /2 dz,
extrapolations provided by the Galprop team. V21 J oo

To estimate the LAT sensitivities to known line en- whereP = 10~7 is the probability of detecting ¢
ergy, we first considered a point source at high lat- signal greater tha#ofo, in one or more bins. A
itude ( = —76°, b = 26°) with a narrow Gaus-  bin width of o f,nm/E = 8% was used based o
sian energy distributioro(/ E; = 10=3). The In- the FWHM energy resolution of the IRFs. The ¢
strument Response Functions (IRFs) from the LAT ror in the signal was estimated a$;gnq = V2B

Data Challenge-2 (DC-2) [16] were used, and LAT whereB is the number of background counts in
resolved lines were simulated with ObsSim for a bin centered oy with width o f.,m. The#ofo
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signal error was converted to flux for calculation of  [2] J. Cohen-Tanugi, 30 th International Cosn

the unknown line energy (fig. 2). Ray Conference,Merida, Mexico, 2007.
The 5 year 95% CLUL sensitivity for known line  [3] L. Bergstrom et al., First GLAST Sympo
energies was obtained similarly to the base by sium, Feb. 2007, Stanford University, USA

bootstrapping the ObsSim diffuse background and 2007.

fitting ®; + ®» with no MC generated signal. Af-  [4] Y. Edmonds etal., First GLAST Symposiun
ter the calculation ofNt + on7, the 95% CLUL Feb. 2007, Stanford UniverSity, USA,, 200"
was obtained from 1.64x7 and sensitivities cal-  [9] L. Bregstrometal., PRL 87 (2001) 251301
culated as in théo case with P=.05 (fig 3). The  [6] P. Ullio etal., Phys.Rev.D 66 (2002) 12350

case of unknown line energy(€ [40, 150] GeV) [7] B. Moore.
95% CLUL was calculated as in ther£ase with [8] J. R. Primack etal., AIP Conf.Proc. 558, 46
P = .05 ( fig 3). 2001.
[9] F. W. Stecker et al., Astrophys.J. 658 (20C
1392.
Conclusions [10] D. N. Spergel et al., astro-ph/0603449.
[11] ObsSim, http://glast-ground.slac.stanfo
We presented the GLAST Dark Matter and New edu/workbook/pages/scitoatdservation
Physics Working Group efforts on indirect detec- simtutorial/ obssimtutorial.htm.
tion of Dark Matter through diffuse source obser- [12] B. Navarro et al., Astrophys.J. 462 (199
vations. As an example, preliminary results on 563.
extragalactic diffuse gamma-ray radiation and line [13] J. S. Bullock et al., Mon.Not.Roy.Astron.So
searches illustrated that the GLAST-LAT detector 321 (2001) 559.
will provide excellent high energy gamma-ray ob- [14] F. Stoehr et al., Mon.Not.Roy.Astron.Sc
servations for future Dark Matter searches. 345 (2003) 1313.

[15] Galprop, http://galprop.stanford.edu/we
galprop/galpropghome.html.
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