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ABSTRACT

If the dark matter consists of supersymmetric particjasy observatories such as the Large
Area Telescope aboard the Fermi satellite may detect datidm radiation from the haloes of
galaxies and galaxy clusters. Much recent effort has beewiel@ to searching for this signal
around the Milky Way's dwarf satellites. Using a new suitéhfh-resolution simulations of
galaxy cluster haloes (the Phoenix Project), together thighAquarius simulations of Milky-
Way-like galaxy haloes, we show that higher signal-to-e@rd equally clean signals are,
in fact, predicted to come from nearby rich galaxy clustdtest of the cluster emission is
produced by small subhaloes with masses less than that &uheThe large range of mass
scales covered by our two sets of simulations allows us taicke@ physically motivated
extrapolation to these small (and unresolved) massese Sl effects destroy subhaloes in
the dense inner regions of haloes, most cluster emissitrerisgredicted to come from large
radii, implying that the nearest and brightest systems Ishbe much more extended than
Fermi’s angular resolution limit. The most promising tasgfor detection are clusters such
as Coma and Fornax, but detection algorithms must be tuntitbtpredicted profile of the
emission if they are to maximize the chance of finding thiskxsgnal.

Key words: methods: N-body simulations — methods: numerical — darkenat galaxies:
haloes

1 INTRODUCTION Springel et al. 2008a,0b; Anderson et al. 2010; Kamionkoweskil.
2010) showing that the radial distribution of low-mass salbhs,
and thus of annihilation radiation, is much less centratipaen-
trated than that of the dark matter as a whole. In the Milky Way
this results in the dominant subhalo contribution to theikinn
lation radiation coming from large galactrocentric dist@rand
so appearing almost uniform across the sky to an observer on
Earth (Springel et al. 2008a). This same effect causes thinian
lation radiation from an external galaxy cluster to appeaciriess
centrally concentrated than the distribution of galaxfeswe show
below, this has significant implications for the optimabkstgy for
detecting the annihilation signal.

Annihilation radiation at-ray frequencies offers one of the most
exciting prospects for non-gravitational detection oflodérk mat-
ter, and is expected if the dark matter consists of superstntn
particles (e.d. Berezinsky etlal. 1994, 2003; Bergstroal/£t998;
Stoehr et al! 2003;_Koushiappas etlal. 2004; Colafrancedsalo e
2007;| Diemand et al. 2007; Kuhlen et al. 2008; Pieri et al.&8200
Springel et al.| 2008a|_Strigari et'al. 2008; Jeltema et al0920
Ackermann et al. 2010; Zavala et al. 2010). Much effort isngei
devoted to searching for this signal around the Milky Wayisad
companions, in particular using the Fermi satellite (Abtale
2010).

Predictions for the properties of the annihilation radiatiely In this paper we present some of the largest high-resolution
on a detailed understanding of the structure of cold dark-mat simulations of cluster haloes to date (the Phoenix Progud)use
ter haloes which can be gained only through high-resolution them to investigate the detailed structure of the dark maitri-
merical simulations of halo formation. The structure ofaygt bution in clusters and its halo-to-halo variation. We ussséhdata,
mass cold dark matter haloes has been investigated in ewnsid together with data from the Aquarius set of galaxy halo satiohs

able depth (e.d._Diemand et al. 2007, 2008; Kuhlenlet al.|2008 (Springel et all 2008b), to predict the expecterhy annihilation
radiation from cluster haloes which we compare to the exkct

annihilation radiation from giant and satellite galaxydes.

* Email:lgao@bao.ac.cn As we were completing this work, Pinzke et al. (2011)
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and|Sanchez-Conde ef al. (2011) posted preprints invéstiga
amongst other things, theray annihilation radiation expected
from galaxy clusters. The luminosity and spatial distritwtof
this radiation depend sensitively on the properties of ising
dark matter subhaloes down to the limiting mass of the cold
dark matter power spectrum, which may be in the range®10
to 10712M, (Hofmann et all 2001, Green et al. 2005). For their
analysis, Pinzke et al. (2011) relied on an extrapolatiorsazl-
ings based on published results for simulations of galadzaid
matter haloes, including those of the Aquarius Project,lavhi
Sanchez-Conde etlal. (2011) extended the semi-analytieihedd
Kamionkowski et al.|(2010), rescaling relevant model patars.
Combining the Phoenix and Aquarius simulations we testiexpl
itly the validity of the scalings used hy Pinzke et al. (205hd
Sanchez-Conde etlal. (2011), we investigate their unaeylghys-
ical basis, and we thus construct a more robust (thougtusiiiér-
tain) framework for extrapolation. For the most part, owulés are
in agreement with those df Pinzke et al. (2011), but not withse
oflSanchez-Conde etlal. (2011) who infer a much weaker d¢mntri
tion from subhalos to the total annihilation radiation frahasters
than| Pinzke et all (2011) or us find. In this study, we alsoenes
an estimate of the expected signal-to-noise of the antiibriaadi-
ation from nearby clusters and compare it to that from neevimrf
and giant galaxies.

The outline of our paper is as follows. Sections 2 and 3 give
brief descriptions of our simulation suite and of a model dal-
culating the annihilation flux and its signal-to-noise inidealised
experiment. In Section 4, we discuss our results and theglidar
tions for dark matter detection.

2 NUMERICAL SIMULATIONS

The new dark matter simulations analysed in this study cooma f
the Phoenix Project (Gao et al. 2011, in preparation). Welsdp
ment them with previous high-resolution simulations ofagsc
halos from the Aquarius Project carried out by the Virgo Con-
sortium (Springel et al. 2008a,b). Starting from initiahditions
appropriate to thé\CDM cosmology, both sets of simulations in-
tegrate the orbits of large numbers of particles using thdgét

3 N-body code (see Springel et al. 2008a). The cosmological
parameters adopted for both the Aquarius and Phoenix fsojec
are those of Virgo’s Millennium Simulation (Springel et/2005%):
Qm=0.25,Q) =0.75,08 = 0.9, ns = 1, and a Hubble constant
Ho = 100hkms 1 = 73kms Mpc—1. These were close to the best
fit values derived from the first year of data from the WMAP kate
lite (Spergel et al. 2003) but are not consistent with theupeater
ranges found through analysis of the seven-year WMAP data to
gether with other large-scale structure observations @emet al.
2011). The small offset is, however, of no consequence ®tdp-

ics addressed in this paper.

For the Phoenix Project, we have carried out a suite of ex-
tremely high resolution simulations of the dark matter ritisk
tion in galaxy clusters. This suite consists of nine clustee dark
matter haloes with masses in the rar§e- 20 x 101*h~1M.
These were selected at random from the Millennium Simutatio
and resimulated at various numerical resolutions. Theekirof
these “Phoenix” simulations, labelled Ph-A-1, represéimésdark
matter with 10 x 10° particles withinr,gg, the radius at which the
enclosed mean density is 200 times the cosmic critical tensi
has a particle mass of#x 10°h~1M, and a Plummer-equivalent
force softening of A5h~kpc in comoving coordinates at all times.

This particular cluster has also been simulated at four lowso-
lution levels (producing Ph-A-2 to Ph-A-5) in order to asshew
resolution affects inferences about cluster structurethatnext-
to-highest resolution level( 1.3 x 10° particles withinrygg), we
have simulated an additional eight clusters (Ph-B-2 to-Rhwiith

a particle mass of about:510°h~1M., and a force softening of
0.32h~kpc in order to quantify the cluster-to-cluster variation i
dark matter properties. We will present details of the Phosim-
ulation suite in a forthcoming paper (Gao et al. 2011, in prap
tion).

3 RESULTS
3.1 The total cluster surface brightness

The totaly-ray annihilation luminosity of a dark matter halo is
the sum of contributions from the smooth main halo, from re-
solved subhaloes, and from unresolved subhaloes. (Caustit
tidal streams make a negligible contribution to the anatioh
luminosity;Vogelsberger & White (2011).) If the densitysttibu-
tion in the inner regions of the smooth main halo and the re-
solved subhaloes are assumed to be adequately fit by the NFW fo
mula (Navarro et al. 1996, 1997) their emission integrigdV

can be estimated simply as2BVi4../(G?rmax) (Springel et &ll.
2008a). Heré/may is the maximum circular velocity of the halo
or subhalo andmax the radius at which this maximum circular ve-
locity is reached.

In Figure[d, we show the azimuthally averaged surface bright
ness profile for Ph-A-1, split into the components due to thecth
dark matter distribution and to subhaloes resolved dowrotw f
mass thresholds differing by factors of ten. The subhalogmrant
is clearly much less centrally concentrated to the clugtetre than
the smooth component and its shape appears independenssf ma
threshold as far as can be judged given the noise introducéuteb
finite number of subhaloes involved. The overall level oftalb
emission increases steadily as the threshold decreasesnidll-
est subhaloes resolved in Ph-A-1 have mass&s< 10’ M, well
below the masses expected for the haloes of luminous galbuie
far above the lower limit for subhaloes im&CDM universe which
could be as low as 182M, (Hofmann et &ll. 2001; Bertone et al.
2005). Considerable extrapolation is thus necessary ir dockesti-
mate the total subhalo emission. Note that even at the Phesd:
lution threshold of 5 107 M, the surface brightness is dominated
by the subhalo component at radii greater than 200kpc.

To calibrate the extrapolation to lower subhalo masses we
combine results from our nine Phoenix simulations with issu
from six higher resolution simulations of galaxy haloesnrthe
Aquarius Project (Springel etlal. 2008a,b). Figure 2 shdwddtal
annihilation luminosity per unit halo massl{og) and per decade
in subhalo mass from subhaloes with masses ranging overersord
of magnitude, from 1®to 10'2M,. In the overlap region between
108 and 18 M, the Phoenix and Aquarius results agree to about
30%. This is within the scatter expected given the finite neinds
realizations (illustrated by the shaded area) and theofblis sub-
halo mass approaches 1% of the parent mass. Well away fraa the
cutoffs, the shape of this curve is very similar to that oftilaéo lu-
minosity per unit mass expected for the Universe as a whioteyis
as the dashed magenta curve in Figure 2. This reflects théhect
the luminosity is dominated by subhaloes in the outer regjiaimch
were accreted recently (Gao etlal. 2004) and so have simitair |
nosities and abundance per unit mass (apart from a smaltbias
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Figure 1. Surface brightness profiles from dark matter annihilationvr-
ious components of the Ph-A-1 simulation of a rich galaxyst@u Sur-
face brightness is given in units of annihilation photonsque? per second
per steradian for fiducial values of 100Gev fuop, the dark maitter parti-
cle mass, and 8 10-26cm®s2 for (ov), the thermally averaged velocity-
weighted annihilation cross-section, assunfijg= 1 photons per annihila-
tion. This surface brightness scalesh@@v)/m%. Projected radius is given
in units of kpc. The red line shows radiation from the smopthstributed
dark matter within the main component of the cluster. Thgeagblue dot-
ted lines show radiation from resolved dark matter sublsaloiéh masses
exceeding 5 107, 5x 108, 5x 10° and 5x 101°M, (from top to bottom).
Extrapolating to mass limits of 1§ and 10 12M, as discussed in the text
gives rise to the smooth blue curves. The purple dashed dines the re-
sults of summing smooth and subhalo contributions.

rection of 1.5) as the haloes in a representative volumeeobthi-
verse. Thus, we can use analytic predictions for the abwsdand
concentration of field haloes (Sheth & Tormen 2002; Neto.et al
2007) to extrapolate our simulation results to much lowds-su
halo masses. The upper blue curves in Figure 1 show theirgsult
predictions for minimum subhalo masses of §&and 10612M.,,
respectively. The most uncertain part of this extrapofai® the
assumption that halo concentration continues to increasartls
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Figure 2. Annihilation luminosity (in arbitrary units) from subhais lying
within ragp per decade in subhalo mass and per unit halo mdsgo) for
the Phoenix and Aquarius simulations. The level-1 simoigtiare shown
by the black (Phoenix) and red (Aquarius) lines and the nmsdidi the nine
Phoenix and six Aquarius level-2 simulations by the thiakebhnd orange
lines respectively. The full scatter in each set of simataiis indicated by
the shaded areas. The dashed magenta line gives the pdealictihilation
luminosity density per decade in halo mass from the cosmpuiation of
dark matter haloes.

central value. Within this radius the luminosity from ressl sub-
haloes in Ph-A-1 is more than twice that from the smooth halo,
even though these subhaloes account only for 8% of the mass. E
trapolating to minimum subhalo masses of §tand 1612M,

the subhalo excess becomes 718 and 16089 respectivelye Thes
boost factors substantially exceed the equivalent fagimedicted

for the galaxy haloes of the Aquarius Project. This is beeanfs
the additional high-mass subhaloes which contribute ircthster
case (see Figure 2) together with the lower concentratiafuster
haloes relative to galaxy haloes, which reduces the enmi$sion

the smooth component. Note, the boost factor for the Ag-A-L o
tained with the extrapolation we use here is smaller by afauft

2.4 than the value quoted in Springel et al. (2008a).

For the resolved component, there is significant variation
amongst the nine Phoenix haloes, but the median value obthk t
boost factor (for a cutoff mass of 1BM.) is 1125, which, for the
reasons just given, is about twelve times the median boosirfave
obtain by applying the same method to the Aquarius haloesm-Co
paring these results suggests that the ratio of subhalo tmtbm
main halo luminosity withinrpgg (subhalo “boost factor”) varies
with halo mass approximately as

lower masses in the same way as measured over the mass range

simulated so far. This assumption has not yet tested ettpliand
has a very large effect on the results. For example, if abi{saloes
less massive than &8, are assumed to have similar concentra-
tion, then the total predicted emission from subhaloes ddng
more than two orders of magnitude below that plotted in Fedgur
for an assumed cut-off mass of 7M.

With our adopted concentration scaling, subhaloes dominat
the surface brightness beyond projected radii of a few kitspcs,
as may be seen in Fig. 1. Surface brightness is almost carfsan
tween 10 and 300kpc, dropping by a factor of two only at 460kpc
At the virial radius of the clusterr§go = 1936 kpc), the surface
brightness of the subhalo component is a factor of 14 belew it

b(M200) = Lsub/Lmain= 1.6 x 10~3(M200/M)*%. 1)

The total luminosity of a halo is therefollgot = (1 + b)Lmain,
whereLmain is the emission of the smooth halo. In addition, the
projected luminosity profile of the subhalo component cawbk
approximated by

_ 160(M200)Lmain 1
mn(17) 3, +16r2°

%ub(r) (2)
These formulae will be used to estimate dark matter antiiiidu-
minosities and surface brightness profiles for haloes witarent
masses in subsequent sections.
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Figure 3. Left panel:Predicted surface brightness profiles of annihilationataih (in units of annihilation photons per érper second per steradian) for a
dwarf galaxy (UMall; green line), for the nearest large ggléVi31; red line) and for a rich galaxy cluster (the Coma tdusblack line). As in Figure 1,
surface brightness scalesl&dov)/rr%. Projected radius is given in arc minutes. The inner steegilyg part of each curve is due to smoothly distributed dark
matter in the main halo, while the shoulder of extended domss produced by low-mass subhaloes. Each profile is ttedcatr oo, the nominal radius of
the dark matter haldRight panel:Estimates of the signal-to-noise ratio within a circulaeipre of radius (in arc minutes). The signal is obtained by direct
integration of the corresponding curves in the left-hanggband the noise is obtained as discussed in the$gktscales as\, B*1/2(0v>/m%, whereB is the

surface brightness of the background, assumed to be uniform

3.2 Surface brightness and signal to noise of galaxies and
clusters

Putting together results from the Phoenix and Aquariussgtej we
can assess the relative ease of detection of cluster, gahakgiwarf
satellite haloes. In the left panel of Figure 3, we show ptedi
surface brightness profiles for three of the most promisemdc
dates, the Coma cluster of galaxies, the Andromeda NebutdYM
and the dwarf satellite galaxy, Ursa Major-Il (UMa-I1), agsing a
minumum subhalo mass of 16M,. We represent Coma and M31
by scaling Ph-A-1 and Ag-A-1 to the appropriate virial masse
Mago = 1.3 x 105M, for Coma (Reiprich & Bohringér 2002) and
1.8 x 10'2M, for M31 (Li & Whitel 2008). We model UMa-II as
iniSpringel et al..(2008a) (including the contribution frembstruc-
tures —the ‘subsub’ component). At projected radii belowcaran,
M31 is about twice as bright as UMa-II and both are substiytia
brighter than Coma. However, at 20 arcmin the surface bregg
of Coma exceeds that of M31 by a factor of 4 and that of UMa-II
by about a factor of 6. Beyond about 70 arcmins, M31 is agan th
brightest object.

For y-ray telescopes like the Fermi Large Area Telescope
(LAT), the detectability of extended objects depends oiir ttan-
trast relative to the diffuse background. As a simple indicaf
signal-to-noise $/N), in the right panel of Figure 3 we estimate
the signal within a circular aperture from the enclosed hogity,
and the noise as the square root of the background countsneds
to beB x A x t, whereB is the background count rate per unit area,
A is the area of the aperture in square arc minutes,tasdthe

exposure time. (This assumes that the background is uniéoin
larger than the signal, which may not be the case for the small
est apertures.) For the dwarf galaxy UMa-Il, the effecB/&\ is
almost independent of aperture for radii less than 10 arcih
drops dramatically at larger radii. In contrast, t8&N for Coma
rises steeply with increasing aperture to a peak at a radlialsaut

30 arcmin, significantly larger than the few arcmin resaolatbf
the Fermi-LAT at energies' 10 GeV. For M31, the effective/N

has a minimum on this scale and has maxima on scales of one and
300 arcmin. In this simple set-up the maximum achiev&jle ra-
tios for Coma and M31 exceed that for UMa-II by about a facfor o
3.

In practice, realistic experiments will find it difficult te¢hieve
these theoretica/N values for very large apertures. Systematic ef-
fects due to variable backgrounds and difficulties in magkimght
sources make background correction significantly easresrfall
apertures. M31 is a particularly difficult case because of/éry
large angular size, its low galactic latitude, and confasimm
othery-ray sources in its inner regions. The Coma cluster is signif
icantly more promising because it lies close to the NorthaGtid
Pole and appears 10 times smaller on the sky. On the other &and
overly small aperture, corresponding for example to thegemmin
resolution of the Fermi LAT instrument at about 10GeV, would
miss a large fraction of the signal in Coma and other nearlaxga
clusters. For a uniform background, the optimal filter hasaps
similar to the predicted profile (Springel eflal. 2008a) shawfig-
ure 3 and represented by equation (2).
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Object Name Half-light radius  Distance  Maygp L F= L/(4Tl12|2) S/N
[arcmin] [Mpc] [Me] [Limw] [Frw] [(S/N)mw]
AWM 7 355 67.0 42 %10 7.1x10 32x10°* 6.8x 1073
Fornax Cluster 84.1 175 ax 104 1.2x 10 8.0x10°* 7.3x10°3
M49 59.6 18.2 0t x 10M 3.9x10° 24x10°4 31x10°3
NGC 4636 52.6 17.4 24x10% 21x10° 14%x10°4 20x 103
Centaurus (A3526) 40.1 50.5 .10  3.9x10 31x10* 58x 103
Coma 36.1 95.8 Bx105  29x10° 6.4x 1074 1.3%x 1072
Draco 16.4 0.082 N/A 2x10°3 16x10°° 6.3x 1074
UMal 18.4 0.066 N/A Bx10°3 20x10°° 7.5%x 1074
Leol 4.4 0.25 N/A 3Bx 103 12x10°8 82x10°
Fornax dwarf 5.9 0.138 N/A 2x10°3 22x10°6 15%x104
Leoll 2.5 0.205 N/A 85x 104 41x10°7 31x10°
Carina 4.6 0.101 N/A Ax10* 14x10°6 1.0x104
Sculpt 13.2 0.079 N/A 2x10°3 1.0x10°° 49%x104
Sext 3.3 0.086 N/A Px104 83x 1077 6.1x10°°
UMall 28.8 0.032 N/A 26x 103 52x10°° 1.3%x10°3
Comber 15.9 0.044 N/A Bx104 1.7x10°° 6.8x 1074
Will 17.7 0.066 N/A 39x 103 1.8x10°° 70x10°4
LMC 82.5 0.049 N/A 38x 102 33x10°* 31x10°3
SMC 455 0.061 N/A Bx 102 11x104 1.8%x 103
M31 351.5 0.807 Bx 1012 1.3x 107 42x10°3 9.3x 1073

Table 1.Principal properties of nearby galaxy clusters, promirsateéllites of the Milky Way, and the Andromeda Nebula, M3tie Bnnihilation luminosity,
L, is given in units of the luminosity from the smooth companehthe main Ag-A halo, which we use as a proxy for the Milky Waye observed flux,
F, is expressed relative to the flux received by an observeegl&kpc from the centre of Ag-A. Similarly, the predict8tN for an optimal filter placed on
each object is normalized to the signal-to-noise preditdea similar filter tuned to the diffuse emission of Ag-A sdiesm this observer location. For the
signal-to-noise calculations, we use the optimal filter pfiggel et al. (2008a) assuming the background to be the saergwhere and to dominate the signal

in all objects.

4 DISCUSSION AND CONCLUSION

In Table[1 we summarise properties of some nearby astrombmic
objects which are relevant for the detectability of theirkdmat-
ter annihilation signal. We consider six galaxy clusterscivtwere
already analyzed by the Fermi collaboration (Ackermanrlet a
2010), thirteen of the known dwarf satellites of our Galaxyd

the nearest giant galaxy, M31.

For the galaxy clusters, distances were taken from the S/N = fshapd6h/6pst) {?
NASA/IPAC Extragalactic Databdg;e and virial masses, Mo
(based on X-ray data), from Reiprich & Bohringer (2002)Iués
for Vmax and rmax were derived assuming an NFW density pro-
file (Navarro et al. 1996, 1997) and the mass-concentragiation
of INeto et al.|(2007). We have verified that this relation iasis-
tent with our simulation data down to the resolution limitAaf-A-

1, which is about 19M.

Data for dwarf satellites were taken from the mass models
of IPeflarrubia et all (2008). Thejray luminosities are estimated
from an emission integral based on the NFW formyla2dV =
1.23VA,./(G?rmax). As discussed in_Springel et al. (2008a), the
annihilation signal due to substructures within Milky Wawatfs
(the ‘subsub’ component) is less than that due to the smamth ¢
ponent of their haloes in almost all cases, so we do not cengid
here. The distance of M31 was also taken from the NASA/IPAC
Extragalactic Database. We base structural parametershéor
M31 halo on the Ag-A-1 simulation which has a very similar

mass|(Li & White 2008).

1 http://Inedwww.jpac.caltech.edu/

We estimate a “best case” signal-to-noise for each objéagjus
the optimal filter discussed by Springel et al. (2008a) asdming
a uniform background accross the whole sky which dominates o
the signal in all objects. In this case, the optimal filter theessame
shape as the signal, and the signal-to-noise can be wriitémei
generic form

tAeff} 12 F @)
(0 + 0%

whereF = L/(4mw?) is the photon fluxgy, the half-light radiusps;

(=~ 10 arcmin for Fermi at the relevant energies (Michelson 2007

describes the point spread function of the instrunieistthe inte-

gration time,Ag is the effective collecting area of the telescope,

andB is the background count rate per unit solid angle. The func-

tion fshapdX) €ncodes the detailed shape of the emission profile of

the signal|(Springel et &l. 2008a); it is of order unity angetels

only weakly on the ratia = 6y, /8psf.

Using the techniques discussed above, we can compare the
apparenty-ray luminosities and achievab®/N ratios for galaxy
clusters with those estimated by Springel etlal. (2008ayfearf
satellites of the Milky Way. Results are shown in the Table W
find that the brightest nearby cluster, Fornax, is predictedp-
pear 15 times more luminous than the brightest dwarf sptetoi
UMall, and 40-50 times more luminous than UMal, Draco or the
ultrafaint satellite, Wilman-1. However, the Fornax crss quite
extended on the sky, and, as a result, when optimal filterased,
the slightly fainter but more compact Coma cluster has aiptexd
S/N ratio 1.8 times larger and ten times that of the most easiy de
tectable dwarf spheroidal, UMall. Although the AndromedebN
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ula is predicted to have comparal8gN, it is not a promising tar-
get because of the difficulty in correcting for foregroundl ather
sources of emission. Note that tB¢N predicted for both objects
is still very small compared to that of the main componenthef t
Milky Way’s smooth halo. Here also, of course, the main peabl
is in separating annihilation radiation from otheray signals.

The Coma cluster thus offers an order of magnitude better op-

portunity than any Milky Way satellite for detecting dark thea or
placing limits on its annihilation cross-section. As we éahown,
for a high resolution experiment like Fermi, the sensiivir de-
tecting such radiation will be enhanced by use of a filter Wwhsc
properly matched to the expected extent of the object. Famele,
for the optimal filter, theS/N expected for Coma is about 1.5 times
higher than the&s/N for a filter based on the point-spread function
of the Fermi LAT, assuming 10 arcmin for the latter at the vaie
energies. Detecting annihilation radiation from the ComBarnax
clusters or the placing of robust and stringent upper limitsalso
require careful subtraction of astrophysical sources arataurate
estimate of the background.
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