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ourse of the past several de
ades,observational eviden
e and theoreti
al models have
onverged to strongly suggest the presen
e of a dark
omponent of the matter 
ontent of the Universe, mostlikely 
onsisting of one or several new parti
les of Na-ture. Identifying the nature of dark matter is a primarytopi
 of study in modern s
ien
e.A variety of experiments around the world are 
on-tinually improving their sensitivities, ruling out theo-reti
ally well-motivated regimes of parameter spa
e forpopular extensions to the standard model of parti
lephysi
s that in
lude supersymmetry and universal ex-tra dimensions [1�3℄. As dark matter dete
tion exper-iments 
ontinue to improve in sensitivity, new exper-imental and theoreti
al 
hallenges will 
ontinue to be
onfronted.Of parti
ular interest are dark matter parti
les withweak intera
tions, i. e., weakly-intera
ting massive par-ti
les (WIMPs). We will here brie�y dis
uss the reasonfor the WIMP's popularity, more in-depth dis
ussions
an be found for example in [4�7℄.At high temperatures (T � mWIMP , wheremWIMP is the WIMP mass), parti
les 
ould be ther-mally 
reated and destroyed, implying a T 4 distribu-tion (the Boltzmann law) for their state density. Asthe temperature de
reases, the density is exponentiallysuppressed (/ exp(�mWIMP =T )) with temperature.Chemi
al equilibrium is left when the temperature isno longer high-enough to pair-
reate WIMPs, at whi
hpoint their number density de
reases. When the WIMPmean free path is 
omparable to the Hubble distan
e,the parti
les also 
ease to annihilate and leave ther-mal equilibrium, 
ommonly referred to as �freeze-out�.At this point, the 
o-moving density remains 
onstant.Solving for the Boltzmann equation, one �nds that thetemperature for whi
h the freeze-out o

urs is about5% of the WIMP's mass, thus the density be
omes
onstant (so-
alled �reli
 density�) when the parti
lesare already essentially non-relativisti
. Consequently,
onsidering only s-wave annihilation, the reli
 densitydepends only on the total annihilation 
ross-se
tion andthe velo
ity distribution:
WIMP h2 � 3:1 � 10�27h�Ajvji ; (1)where the average is taken over velo
ities andangles. The s
ale for weak intera
tion strength(� �2=m2WIMP ) implies that h�Ajvji � 10�25 
m3�s�1,where the WIMP mass is taken to be 100 GeV. Theresulting reli
 density for su
h a parti
le would be

within a fa
tor 3 of the measured reli
 density of
WIMPh2 = 0:1199 � 0:0027 provided by the mostre
ent PLANCK results [8℄. This remarkable 
oin
i-den
e is sometimes referred to as the �WIMP mira
le.�A more 
areful 
al
ulation for the 
ross-se
tion ofthermal WIMPs is presented in [9℄, but does not alterthe main argument.There are a variety of WIMP sear
h methods ongo-ing, and for dark matter parti
les more generally. Theyare broadly 
lassi�ed as follows.� Indire
t sear
hes measure the annihilation and/orde
ay produ
ts of dark matter from di�erent astronom-i
al environments in the Universe. They spe
i�
allylimit the rate at whi
h dark matter parti
les annihi-late or de
ay into standard model parti
les. Many in-dire
t sear
hes are now underway to dete
t the rem-nants of dark matter parti
les that have annihilatedinto standard model �nal states. The most readily a
-
essible standard model parti
les are photons, in parti
-ular high-energy gamma rays. Neutrinos, antiprotons,and positrons may also be dete
ted by modern experi-ments. The annihilation 
ross se
tion probed by indi-re
t sear
hes is most 
losely related to the pro
ess thatsets the dark matter abundan
e in the early universe,assuming that the dark matter was on
e in thermalequilibrium.� Dire
t sear
hes measure the s
attering of darkmatter o� of nu
lei in low ba
kground underground de-te
tors, where the 
ollision of dark matter is dedu
edthrough energy input into parti
les in the dete
tor.Though the WIMP-nu
leus s
attering 
ross se
tion isnot as simply 
onne
ted to the dark matter reli
 abun-dan
e as is the annihilation 
ross se
tion, many modernexperiments are now probing well-motivated theoreti-
al models, as the generi
 WIMP 
ross se
tion is de-termined by its de Broglie wavelength and the weakintera
tion s
ale.� Collider sear
hes measure the produ
tion of darkmatter through the 
ollision of high energy standardmodel parti
les, su
h as protons and ele
trons. Newstable dark matter parti
les produ
ed are identi�ed ei-ther by initial state radiation or through the produ
tionof quarks and gluons, whi
h eventually de
ay down intothe lightest stable parti
le in the spe
trum.Now that we are in an era in whi
h several dif-ferent experiments are able to test theoreti
ally well-motivated parti
le dark matter models, it is timely toexamine the spe
i�
 
ontributions that have been madeby the most important experiments. This review arti
lewill fo
us ex
lusively on the re
ent advan
es in indire
tdark matter sear
hes, and within this subje
t 
on
en-trate ex
lusively on indire
t dark matter sear
hes using1258



ÆÝÒÔ, òîì 148, âûï. 6 (12), 2015 WIMP sear
hes with gamma rays in the Fermi era : : :gamma rays. Now that we have had an in�ux of dataover the past few years from these experiments, it is im-portant to assimilate this information into the broader
ontext of parti
le dark matter sear
hes.Of parti
ular interest are the results that have beenobtained by the Fermi Large Area Teles
ope (Fermi-LAT), laun
hed in June 2008 into low Earth orbit. Itwas designed as the su

essor of the su

essful EGRETmission, with an order of magnitude better energyand angular resolution than EGRET. Fermi/gamma-ray spa
e observatory 
onsists of two experiments, theLarge Area Teles
ope (LAT), whi
h is the primary in-strument aboard Fermi satellite, and the gamma-rayburst monitor. The LAT is sensitive to photons in therange of approximately 20 MeV�300 GeV. The LATis an imaging, wide �eld-of-view pair 
onversion tele-s
ope that measures ele
tron and positron tra
ks thatresult from the pair 
onversion of an in
ident high-energy gamma-ray in 
onverter foils. The energy res-olution over the energy range of interest is approxi-mately 10%, and the e�e
tive area of the LAT is ap-proximately 104 
m2.In this arti
le, we review the 
onstraints on parti-
le dark matter that have been obtained from the �rst�ve years of the Fermi-LAT and 
ompare them withthose obtained by Imaging Air Cherenkov Teles
opes(IACT). This arti
le has two main fo
uses. First, toreview the experimental methods that are used to an-alyze Fermi-LAT and IACT. Se
ond, to review the im-pa
t that un
ertainties in astrophysi
al dark matterdistributions have on the interpretation of limits on thedark matter parti
le mass and 
ross se
tion. For a re-
ent analysis of parti
le dark matter models that areprobed by indire
t dete
tion experiments, see, e. g., [6℄.In our dis
ussion of the experimental methods thatare used to analyze the data, we review in detail thestatisti
al te
hniques that have been developed, howthey are applied to di�erent sour
es in the universe,and we highlight whi
h of these sour
es provide thebest dete
tion prospe
ts.In our dis
ussion of astrophysi
al systemati
s, wereview methods to determine dark matter distributionsin all of the various sour
es that have been studied byFermi-LAT. We dis
uss not only how the mass distribu-tion of the Milky Way, dwarf galaxies, and galaxy 
lus-ters are determined, but also look forward to how futureastronomi
al surveys and measurements will improvethe understanding of dark matter distributions. Wedis
uss the 
onne
tion that will 
ontinue to be strength-ened between astroparti
le experiments and larger s
aleastronomi
al surveys.This review is organized as follows. In Se
. 2, we

dis
uss the di�erent astrophysi
al targets that are usedfor indire
t dete
tion, and the pros and 
ons of ea
h. InSe
. 3, we review di�erent types of gamma-ray instru-ments, and dis
uss the analysis 
hallenges that theyfa
e. In Se
. 4, we review the 
urrent status of indire
tdark matter sear
hes with gamma rays. In Se
. 5, wedis
uss what future gamma-ray experiments will bringto the �eld of indire
t dark matter dete
tion, and inSe
. 6 we present 
on
lusions.2. TARGETS: PROMISES AND CHALLENGESAstrophysi
al un
ertainties have long presented asystemati
 un
ertainty in sear
hes for new physi
s. Fo-
using on gamma-ray sear
hes for dark matter, thereare two broad types of systemati
 un
ertainties thatmust be a

ounted for: un
ertainties in modeling ofdark matter distributions, and un
ertainties in gamma-ray emission from non-dark matter sour
es. In thisse
tion, we primarily dis
uss the 
ontribution of theformer type of un
ertainty, and defer to dis
ussion ofthe latter type of un
ertainty when we present the re-sults of the gamma-ray observations in the followingse
tions.Within the 
ontext of the �-
old dark matter(�CDM) paradigm [10℄, observed galaxies are formedwithin dark matter halos. These halos are formedthrough a sequen
e of mergers of lower mass halos and apro
ess of smooth a

retion onto the halo. As a result,dark matter halos are 
omplex systems that are not to-tally �smooth�, but rather have features in their phasespa
e in the form of subhalos, or substru
ture, and tidaldebris that re�e
ts their intera
tion within the largerhalo [11; 12℄. Dark matter halos are not predi
ted to beperfe
tly spheri
al, but rather retain shapes that re�e
ttheir formation and intera
tion histories [13℄.Though not spheri
al, it is often 
onvenient to ex-press the density distribution of dark matter halos in aspheri
ally averaged form, for example as�(r) = �s(r=rs)
(1 + (r=rs)b)(
�
)=b : (2)Here, �s and rs are s
ale density and s
ale radius pa-rameters, respe
tively, b represents the turnover fromthe asymptoti
 power-law slope in the inner regime,
, and the asymptoti
 power-law slope in the outerregime, 
. The set of parameters (
; b; 
) = (1; 1; 3)gives the well-known Navarro�Frenk�White pro�le(NFW) [14℄.Though an NFW pro�le is now a robust predi
tionof dark matter-only simulations of halos, as we dis
ussbelow in this se
tion there is debate as to how well this1259
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ribes observations of the dark matter halosover a wide range of mass s
ales. In spite of this debate,Eq. (2) provides a useful starting point for phenomeno-logi
al studies of dark matter halos, and will be referredto throughout the 
ourse of this se
tion and review.With a well-motivated model for dark matter ha-los in pla
e, we 
an make predi
tions for gamma-ray�uxes, and the 
orresponding un
ertainties, from dif-ferent astrophysi
al targets. We in parti
ular fo
us onthe un
ertainties in the dark matter properties of ea
hof these systems, and thus the observational un
ertain-ties on the quantity,J(�
) = 12 �
Z0 sin	 d	 `+Z̀� �2[r(`)℄ d`; (3)where 	 represents the angular separation from the
enter of the halo, whi
h is typi
ally dedu
ed from theposition of the 
enter of the observed galaxy. Here, Dis the distan
e to the 
enter of the galaxy, so thatr2 = `2 +D2 � 2`D 
os	:The upper and lower boundaries to the integral are`� = D 
os	�qr2t �D2 sin2	;where rt is the tidal radius of the dark matter halo.Equation (3) will be referred to here as the �J-fa
tor�.This sets the dependen
e of the annihilation signal onthe dark matter distribution in any astrophysi
al sys-tem. As we highlight in this se
tion, the determinationof the density pro�le from observation is not straight-forward, and thus the un
ertainty in the J-fa
tor trans-lates into a systemati
 un
ertainty in the gamma-ray�ux determination.We begin by examining the dark matter distribu-tion in the Milky Way galaxy, in
luding the Gala
ti

enter. We then move on to dis
uss determination ofthe dark matter distributions in the dwarf spheroidalsof the Milky Way, whi
h are probably the simplest as-tronomi
al systems from whi
h the dark matter dis-tributions 
an be derived. We then follow up with adis
ussion on dark matter substru
tures, Galaxy 
lus-ters, the Gala
ti
 and the extragala
ti
 dark matterdistributions. 2.1. Gala
ti
 
enterMost likely, the largest �ux of gamma rays fromdark matter annihilation 
omes from the Gala
ti
 
en-ter be
ause of its high 
on
entration of dark matter and


lose proximity. However, a drawba
k of the Gala
ti

enter as a target is that there is a substantial popu-lation of gamma-ray sour
es and there is di�use emis-sion from 
osmi
 rays that must be well-understood inorder to extra
t the dark matter signal. An additionaldrawba
k of the Gala
ti
 
enter as a target for gamma-ray and dark matter studies is that it has proven 
hal-lenging to extra
t the dark matter distribution in theGala
ti
 
enter. In the 
entral few parse
s, the stel-lar mass from the bulge dominates the dynami
s [15℄.Even in
luding a weak disk 
omponent, the shape ofthe dark matter distribution is un
onstrained, so thatit is not possible to tell if the dark matter pro�le risesto a 
entral 
usp-like stru
ture or has a 
onstant den-sity within the bulge region [16℄. A 
onservative upperbound on the 
ontribution of the dark matter may beset by the upper limit dedu
ed from the bulge 
ontri-bution to the potential.From a theoreti
al perspe
tive, the dark matter dis-tribution near the bla
k hole at the 
enter of the MilkyWay is modi�ed by the bla
k hole itself [17℄. Adi-abati
 growth of the 
entral bla
k hole may steepenthe 
entral 
usp of dark matter. Assuming an initialdark matter pro�le in the Gala
ti
 
enter of the form� / r�
 , from 
onservation of mass and angular mo-mentum, the �nal mass pro�le s
ales as � / r�A, whereA = (9 � 2
)=(4 � 
) [18℄. [17℄ derive a lower boundof � 0:24 GeV�
m�3 of dark matter near the Gala
ti

enter. This result relies on assumptions that are notwell understood, for example the adiabati
 nature forthe growth of the bla
k hole itself, and s
attering ofdark matter o� of stars in the 
entral nu
lear star 
lus-ter [19℄. It is also possible for dark matter to intera
twith the 
entral nu
lear star 
luster and form a pro�lethat is shallower than the NFW pro�le [20℄.Numeri
al simulations have examined the e�e
t ofbaryoni
 physi
s on the stru
ture of Milky Way-massdark matter halos. Though the in
lusion of baryonsleads to many 
hallenges, numeri
al simulations have
ontinued to make progress. Simulations of single ha-los, in 
ombination with analyti
 models, show that the
entral densities of dark matter halos be
ome less steepthan those found in pure N -body simulations be
ausethe baryons indu
e repeated epo
hs of feedba
k due tostar formation a
tivity [21℄.The la
k of 
onsensus from both the observationaland theoreti
al side on the nature of the Milky Waydark matter density pro�le provides a signi�
ant sys-temati
 un
ertainty that must be a

ounted for ingamma-ray sear
hes for dark matter. In fa
t, it is likelythat, from a pure astronomi
al perspe
tive, this la
k of
onsensus will remain for some time. [22℄ have re
ently1260
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hes with gamma rays in the Fermi era : : :
ompiled known data to analyze the dark matter 
on-tent within the Solar 
ir
le, but are insensitive to thedark matter density pro�le. Their 
laim that this esti-mate 
onstitutes the �rst eviden
e for dark matter hashowever triggered some debate [23℄.Kinemati
 data from the GAIA satellite is expe
tedto somewhat improve on the systemati
 un
ertainty inthe measurement of the lo
al dark matter density [24℄,though it will be more di�
ult to use this data to deter-mine the shape of the pro�le near the Gala
ti
 
enter.2.2. Milky Way mass pro�leThe dis
ussion above fo
used on the 
entral densitypro�le of the Milky Way, i. e., from the Solar 
ir
le to-wards the Gala
ti
 
enter. Going in the other dire
tion,the density pro�le of the Milky Way as measured fromthe Solar radius out to the virial radius is important fordeterminations of di�use gamma-ray emission. How-ever, be
ause of our position within the Milky Way'sdark matter halo, it is more di�
ult to determine itsdark matter density pro�le than it is for many externalgalaxies.The best measurements of the integrated mass ofthe Milky Way 
ome from spe
tros
opy of stars in theouter region of the dark matter halo. The Sloan Dig-ital Sky Survey (SDSS) has measured the dark mat-ter mass pro�le of the Milky Way using the kinemat-i
s of a large sample of Blue Horizontal Bran
h (BHB)stars [25℄. BHB stars are important tra
ers of the MilkyWay mass be
ause they are both intrinsi
ally brightand have a

urate distan
e measurements. Due to theaverage radius of the BHB stars, they provide the best
onstraint on the Milky Way mass within a radius ofabout 60 kp
, measuring a mass of� 4�1011M�. This is
onsistent with the results of independent analyses [26℄,and with estimates at larger radii, whi
h �nd a massof � 7 � 1011M� en
losed within 80 kp
 [27℄. Sev-eral authors have used samples of bright BHB starsto extrapolate and determine the total mass of theMilky Way. They have reported a total mass of theMilky Way ranging anywhere from 0.5�2:5 � 1012M�[25; 28; 29℄, with the variation depending on the exa
tanalysis method and the sample of stars used. Theseresults 
an be 
ompared to updated implementation ofthe timing argument, whi
h implies a total Milky Waymass of � 2 � 1012M� [30℄.Distant satellite galaxies 
an also be used as tra
ersof the mass distribution of the Milky Way [31℄. Forthese measurements, there are two systemati
 un
er-tainty that are parti
ularly important. The �rst isdue to the un
ertain density distribution of the satel-

lites in the Milky Way; this is mainly due to the smallnumber of satellites that are 
urrently known, about a
ouple dozen. The se
ond, and perhaps probably themost important systemati
 un
ertainty, involves under-standing whether the distant satellite Leo I is bound tothe Galaxy. Be
ause Leo I is moving at a high Gala
-to
entri
 velo
ity and is at a Gala
to
entri
 radius of260 kp
, it is not yet 
lear whether this is an outlier thatis bound to the halo or if it is unbound and is on its �rstpass through the Galaxy. Several re
ent proper mo-tions do in fa
t seem to indi
ate that it may be boundto the Galaxy [32℄. The Milky Way mass measurementsfrom both the BHB stars and the satellite galaxies arein good agreement with the re
ent measurements of theMilky Way es
ape velo
ity using a lo
al sample of highvelo
ity stars [33℄ and 
onstraints using the Sagittariustidal stream [34℄.Similar to the 
ase of the Gala
ti
 
enter, the fa
-tor of a few un
ertainty that still lingers in the mea-surement of the mass of the Milky Way's dark matterhalo provides a systemati
 un
ertainty in the predi
tedgamma-ray emission from dark matter annihilation.2.3. Dwarf spheroidal galaxiesThere are now approximately two dozen satellitegalaxies of the Milky Way that are 
lassi�ed as dwarfspheroidal (dSphs). The dSphs are 
onveniently 
las-si�ed a

ording to the period of dis
overy. The �rstnine dSphs that were dis
overed before the turn of the
entury have 
ome to be 
lassi�ed as �
lassi
al� satel-lites, while those dis
overed in the era of the SDSSare largely referred to as �ultra-faint� satellites. ThedSphs range in Gala
to
entri
 distan
e from approxi-mately 15�250 kp
, and their overall distan
e distribu-tion in the Gala
ti
 halo is mu
h more extended thanthe more 
entrally-
on
entrated globular 
luster popu-lation. Nearly all of the dSphs are devoid of gas up tothe present observational limits. For a more thoroughdis
ussion of astrophysi
al aspe
ts of dSphs see [35�37℄.Dwarf spheroidals provide ex
ellent targets forgamma-ray sear
hes for WIMPs for several reasons.First, theoreti
ally there is expe
ted to be no gamma-ray point sour
es and no intrinsi
 di�use emission asso-
iated with them. Se
ond, their dark matter distribu-tions are dire
tly derived from the stellar kinemati
s.Third, the boost fa
tor from dark matter sub-stru
tureis predi
ted to be negligible in these systems, so the in-terpretation of the limits (or dete
tions) from them ismu
h more straightforward than it is for other astro-physi
al targets (see more detailed dis
ussion below onboost from halo substru
ture).1261
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using spe
i�
ally on dSphs, it is 
onvenient tostart by assuming that their stellar distributions anddark matter distributions are spheri
ally-symmetri
. Ithas be
ome standard to model the measured line-of-sight velo
ities of stars in dSphs with the spheri
alJeans equation, and thus extra
t a measure of the darkmatter 
ontent. Though in the Jeans equation the masspro�le is the sum of the 
ontribution from the darkmatter and the stars, in nearly all 
ases of interest forgamma-ray studies the stars 
ontribute little to the to-tal gravitational potential. The measured line-of-sightvelo
ity of a star in a dSph is a mixture of the radialand tangential velo
ity 
omponents, and therefore de-pends on the intrinsi
 velo
ity anisotropy of the stars.The anisotropy is traditionally de�ned as the followingparameter � = 1� �2t�2r ; (4)where �2r is the radial velo
ity dispersion and �2t is thetangential velo
ity dispersion. At a proje
ted positionR, the line-of-sight velo
ity dispersion is�2los(R) = 2Is(R) 1ZR �1� �(r)R2r2 � �s�2rrpr2�R2 dr: (5)The three-dimensional radial velo
ity dispersion �2r isdetermined from the Jeans equation, and the proje
tedstellar density pro�le, Is(R), is determined from �ts tothe stellar number 
ounts as a fun
tion of proje
ted ra-dius. It is manifestly 
lear from Eq. (5) that there isa degenera
y between the mass pro�le and the velo
ityanisotropy of the stars.The half-light radii for the 
lassi
al dSphs are typ-i
ally of the order few hundreds of parse
s, and theirluminosities spread over a range of nearly two ordersof magnitude, approximately 105�107L�. The photo-metri
 pro�les as derived from star 
ounts are typi
ally
onsistent with a 
ored model in proje
tion, followed bya turnover into an exponential fall-o� in the outer re-gion of the galaxy where the stellar density blends intothe ba
kground star 
ounts. For the 
lassi
al dSphsthere are hundreds, and in some 
ases thousands, ofbright giant stars that have measured velo
ities to apre
ision of a few km/s or less [38℄.Constraints on the dark matter distribution ofdSphs have been spe
i�
ally 
al
ulated via the follow-ing pro
edure. The kinemati
 data from a dSph, belowde�ned as Dk, 
omprises n stars ea
h with a measuredline-of-sight velo
ity v{ and un
ertainty �m;{ at a pro-je
ted radius R{. De�ne a as a set of theoreti
al pa-rameters that are to be extra
ted from the data. The

probability for the data, given the model parameters,is Pkin(Dkja) / nY{=1 1q�2m;{ + �2los(R{) �� exp��0:5 (v{ � �v)2�2m;{ + �2los(R{)� ; (6)where �v is the mean velo
ity. The proje
ted line-of-sight velo
ity dispersion, �los(R), whi
h is 
al
ulatedfrom the spheri
al Jeans equation, depends on the pa-rameters of the dark matter density pro�le. A standardassumption for the dark matter density pro�le is thegeneralized double power law model in Eq. (2).With aforementioned improvements in observa-tional data and theoreti
al modeling of dSphs aroundthe Milky Way, it has be
ome timely to sear
h for thepresen
e of NFW-like dark matter density pro�les pre-di
ted by �CDM. However, in spite of the high-qualitymodern data sets, there has been signi�
ant debate asto whether the data are unable to uniquely spe
ify amodel for the dark matter potential. Indeed, the kine-mati
 data of several dSphs, when modeled as a singlestellar population with spheri
al Jeans-based models,is 
onsistent with both 
usped dark matter pro�les [39℄and 
ored pro�les [40; 41℄.The assumption of the spheri
al Jeans equation isof 
ourse an approximation to the true dynami
al stateof the dSph. Indeed, all of the dSphs are observedto be elongated, with an approximate 30% di�eren
ebetween the length of the major and minor axes [42℄.Further, the solutions to the spheri
al Jeans equationsneed not admit fully self-
onsistent dynami
al solutionswith a positive de�nite stellar distribution fun
tion.Re
ent work has relaxed the assumption of spheri
alsymmetry in the Jeans equations, in most 
ases �nd-ing that the 
entral mass distributions are 
onsistentwith the spheri
al 
ase [43℄. There has also been re
entwork dedi
ated to establishing self-
onsistent distribu-tion fun
tion models of the dSphs. For example, it ispossible to �nd self-
onsistent solutions in whi
h theorbits of the stars are isotropi
, and the stars tra
e thedark matter pro�le in the 
entral region [44℄. Orbit-based models of the dSphs are now being developed;these types of models are ideal in the sense that the dis-tribution fun
tion is obtained in a model-independentmanner [45; 46℄. All of this modeling indi
ates that,when 
onsidering the observed stars as a single stel-lar population, the mass estimates are in good agree-ment with those obtained through the Jeans equation,and further it is not possible to 
on
lusively establish1262
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hes with gamma rays in the Fermi era : : :whether there is a dark matter 
ore or 
usp within thesesystems.Some dSphs exhibit eviden
e for more than a sin-gle stellar population, i. e., populations of stars thatformed at di�erent epo
hs. Two well-known exam-ples are S
ulptor and Fornax, with S
ulptor, whi
his lo
ated at an approximate Gala
to
entri
 distan
eof 80 kp
, re
eiving a signi�
ant amount of attention.Phase spa
e modeling of the kinemati
s of its stars,when taken as a single stellar population, indi
ate thatit is possible to �nd NFW-based dark matter pro�leswith isotropi
 stellar velo
ity dispersions [44; 46℄. Dueto high quality information on both the kinemati
s andthe metalli
ity of stars in S
ulptor, it is possible tobreak up the stars into distin
t populations. In par-ti
ular, [47℄ (B08) have shown that there are two dis-tin
t stellar populations; a metal ri
h population thatis 
entrally-
on
entrated, and a more extended metal-poor population. Using Jeans-based modeling, B08showed that in order for both populations to be em-bedded into a single dark matter halo, both the metalri
h and metal poor populations must transition fromisotropi
 in the 
enter to predominantly radially-biasedorbits in the outer regions. Following up on the B08analysis, [48℄ apply the proje
ted virial theorem to theS
ulptor data, and �nd that it is not possible to self-
onsistently embed both populations into a halo withan NFW density pro�le. Further, [49℄ study Mi
hie�King models for the stellar distribution fun
tion, and�nd that even though NFW models provide an a

ept-able �2 �t to the data, in general 
ored models arepreferred.The analysis of B08 was then soon followed upupon with an independent and larger data set by [50℄(WP11). With their data set, WP11 also present ev-iden
e for two populations, with seemingly similar ve-lo
ity dispersion and half-light radii to what was ob-tained by B08. Though there is no observed eviden
efor two stellar populations in the WP11 data, they ex-tra
t the dispersion, half-light radii, and metalli
ity oftheir populations using a statisti
al algorithm. WP11then apply the mass estimator presented in [51℄ and [52℄to the two populations, �nding that an NFW model isruled out at the 99%CL. While this eviden
e for a darkmatter 
ore is intriguing, and has garnered a substan-tial amount of attention in the dark matter 
ommunity,it has not been able to stand up to more rigorous mod-eling of the two populations in S
ulptor. In parti
ular,it is possible to �nd a self-
onsistent stellar distributionfun
tion model with an NFW dark matter pro�le thatis able to statisti
ally-des
ribe the two populations inS
ulptor [53℄.

The above dis
ussion unders
ores the di�
ulty indetermining whether dark matter 
ores or 
usps existin dSphs. While the kinemati
 data is unable to de-termine the slope of the 
entral density of the darkmatter in dSphs, it is mu
h more e�e
tive at deter-mining the integrated mass within the half-light ra-dius, approximately a few hundred parse
s [51; 52℄.This is weakly dependent on whether there is a 
en-tral 
ore or 
usp in the dSph, so long as the log-slopeis �d(log �)=d(log r) . 1:5. This implies that the 
on-straints on the mass pro�le dire
tly translate into 
on-straints on the J-fa
tor in Eq. (3) within the same re-gion [39; 54℄. For a dSph at a distan
e of � 50�100 kp
,the half-light radius 
orresponds to less than approx-imately one degree, whi
h is about the angular reso-lution of the Fermi-LAT over a large energy range ofinterest. This is the region within whi
h the integrateddensity and the integrated density-squared are the best
onstrained from the kinemati
 data sets. This impliesthat the assumption of a 
ore or a 
usp for the densitypro�le does not signi�
antly a�e
t the gamma-ray �uxpredi
tions for the Fermi-LAT.Several authors have now published an analysis ofthe dark matter distributions in dSphs using the spher-i
al Jeans method and examined their impli
ationsfor gamma-ray experiments [39; 54�59℄. A typi
al ap-proa
h is to assume a model for the dark matter pro�le,su
h as a generalized double power law model, 
om-bined with the likelihood fun
tion in Eq. (6). Withina Bayesian framework, the model parameters �s, rs,a, b, and 
 are then marginalized over assuming priorson these parameters. In the literature there have beenseveral approa
hes to handle these priors. Strigari etal. utilized priors from CDM simulations [39; 54℄, whi
he�e
tively weighted Eq. (6) with a fun
tion des
ribingthe relation between �s; rs derived from CDM simu-lations. Several authors have 
onsidered �uninforma-tive� priors, equivalent to �at priors on log rs and log �s[55�57℄. Martinez introdu
ed a hierar
hi
al modelingmethod that uses a relationship between that mass atthe half-light radius and the luminosity of a dSph [58℄.As shown in Fig. 1, for dSphs with well-measured kine-mati
s, the J-fa
tors that are derived for ea
h prior aretypi
ally 
onsistent with one another, though there isa larger spread for dSphs with smaller samples of stars.As noted above, these results are weakly dependent onwhether a 
ored or 
usped 
entral density pro�le is as-sumed for the dark matter.Figure 1 
learly indi
ates whi
h dSphs are the mostinteresting targets for indire
t dark matter dete
tionexperiments. The two dSphs with the largest J-fa
tors,Segue 1 and Ursa Major II, are ultra-faint satellites1263
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Fig. 1. J-fa
tors within 0:5Æ for dSphs, for three di�erent assumptions for theoreti
al priors on the dark matter halo param-eters. Grey (blue) points utilize uniform priors in log rs and log �s [162℄, light grey (red) points uses as priors the relationbetween �s; rs that is determined in CDM simulations [117℄, and bla
k points uses the hierar
hi
al modeling method thatis introdu
ed in Ref. [58℄. Though these 
al
ulations assume an NFW pro�le, for J-fa
tors determined within an angularregion of 0:5Æ, the results are weakly-dependent on the assumption for the dark matter density pro�le. (Color online seearXiv:1503.06348v3[astro-ph.CO℄)with sparse samples of stars asso
iated to them (about60 and 20 stars, respe
tively). Though these dSphshave the largest mean �ux, they also have the great-est un
ertainty due to the small stellar samples. AfterSegue 1 and Ursa Major II, the dSphs with the nextlargest J-fa
tors are Ursa Minor and Dra
o, at 66 and80 kp
, respe
tively. These J-fa
tors are determinedfrom samples of hundreds of stars so their 
orrespond-ing un
ertainties are mu
h lower than the un
ertaintieson the J-fa
tors for Segue 1 and Ursa Major II.In sum, be
ause of the substantial theoreti
al andobservational work that has gone into understandingthe kinemati
s of dSphs and their underlying dark mat-ter distributions, they are a unique target in gamma-ray sear
hes for dark matter. Any possible dete
tionof a signal in other sour
es must be 
orroborated by adete
tion in dSphs. As dis
ussed in the se
tions below,dSphs are targets for several gamma-ray experiments

whi
h hope to probe the WIMP mass range from afew GeV up to tens of TeV over the next de
ade.2.4. Substru
turesN -body simulations of Gala
ti
 halos predi
t thatapproximately 10�50% of the dark matter mass of theMilky Way is bound up in the form of substru
ture, orsubhalos. A

ording to the �CDM model, some fra
-tion of these subhalos should host the observed dSphsthat were dis
ussed above. However, there is not a
onsensus understanding as to what the mass and ra-dial distribution is for the subhalos that �light up� withstars � this issue is strongly intertwined with the 
las-si
al missing satellites problem [60�62℄ and the morere
ent too-big-to-fail issue of �CDM [63℄. Given thatsubhalos without any asso
iated stars have yet to be
on
lusively dete
ted around the Milky Way, a gamma-ray signal from these obje
ts, while intriguing, is still1264
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hes with gamma rays in the Fermi era : : :subje
t to a substantial amount of theoreti
al assump-tions. Nonetheless, it is informative to examine whatthe modern theory predi
ts for this population of sub-halos around the Milky Way, and beyond.The numeri
al simulations of Milky Way-massgalaxies are now 
omplete in their measurement of sub-halos down to a mass of approximately 106M�, 
orre-sponding to approximately 10�6 times the total massof the host halo [11; 64℄. The mass fun
tion of subha-los may in fa
t extend down to Earth masses or evenbelow, whi
h the simulations are not sensitive to atpresent [65�68℄. For subhalos with mass greater than� 106M�, the mass fun
tion of subhalos is a power lawthat s
ales as dN=dM /M��, with � = 1:9. Be
ause1 < � < 2, subhalos at the low mass end of the massfun
tion dominate the distribution by number, whilethe subhalos at the high mass end of the mass fun
tiondominate the total mass in substru
ture.The internal density pro�les of the dark subhalosare important, and have been a subje
t of theoreti
aldebate. More re
ent simulations �nd that dark matterhalos and subhalos are better des
ribed by an appro-priate shallower Einasto density pro�le [69℄. There aresuggestions from numeri
al simulations that the densitypro�les of the smallest, � 10�6M� halos, are steeperthan the NFW form [70; 71℄. The gamma-ray signalfrom WIMP annihilation from small dark matter halosis also sensitive to the 
on
entration of low mass halos,where the 
on
entration is de�ned as the ratio of thes
ale radius of the halo to its virial radius. There is asubstantial amount of un
ertainty on the extrapolationof the 
on
entration versus halo mass relation downto low halo mass s
ales; numeri
al simulations are atpresent only able to measure this relationship down tohalo mass of about 108M� [69; 72℄. There is at least anorder of magnitude un
ertainty in the gamma-ray sig-nal from dark matter annihilation in small halos due tothe unknown extrapolation of the 
on
entration versusmass relation to the smallest halos [68; 73℄.Dark matter substru
tures are very mu
h �high risk,high reward� targets for gamma-ray sear
hes. Whilea 
on�rmed dete
tion of an obje
t that shines onlyin gamma rays would be a spe
ta
ular 
on�rmationof both the �CDM and the WIMP paradigm, for a
anoni
al thermal reli
 s
ale WIMP 
ross se
tion pre-di
tions for signal dete
tability vary by several ordersof magnitude [69; 74; 75℄. Realisti
 a priori predi
tionsfor a signal from dark matter substru
ture will onlylikely be available on
e simulations are able to resolvesubstru
ture near the Earth mass s
ale, or it be
omesobservationally feasible to dete
t substru
ture at thismass s
ale via gravitational lensing. Sin
e there are

substantial hurdles in rea
hing these s
ales in both thesimulations and observations, probably the best thesetypes of sear
hes 
an hope for at the stage is to �nda signal in gamma rays from a substru
ture 
andidatethat 
an be followed up on and found not to be ob-served at other wavelengths.2.5. Galaxy 
lustersThe study of dark matter in galaxy 
lusters has along history, dating ba
k to the original dis
overy ofZwi
ky. The systemati
 un
ertainty in the determina-tion of dark matter mass pro�les and J-fa
tors in 
lus-ters is similar in many ways to the 
ase of dSphs dis-
ussed above. The dominant un
ertainty in the J-fa
-tors from 
lusters arises from two orthogonal aspe
tsof astrophysi
s. First, there is an un
ertainty in theempiri
ally-measured 
luster mass pro�les, whi
h arederived from a 
ombination of x-ray temperature pro-�les and gas kinemati
s. Se
ond, there is signi�
ant un-
ertainty in the predi
ted gamma-ray luminosity thatarises from the 
ontribution of dark matter substru
-ture in the 
lusters.Cluster masses and density pro�les are measuredthrough x-ray emission, galaxy dynami
s, or gravita-tional lensing [76℄. For nearby 
lusters, masses aregenerally derived under the assumption of hydrostati
equilibrium,M(r) = �kT (r)r�mpG �d ln �(r)d ln r + d lnT (r)d ln r � ; (7)where T (r) is the temperature pro�le, and � is themean mass per parti
le in units of the proton mass.The assumption of hydrostati
 equilibrium is subje
tto systemati
 un
ertainty depending on the physi
alstate of the 
luster. For instan
e, [77℄ used numeri
alsimulations to show that systemati
 un
ertainties dueto non-thermal pressure introdu
e a � 10% systemati
un
ertainty in the mass determination.Furthermore, there are only of order tens of 
lus-ters that have measured temperature and density pro-�les allowing the use of Eq. (7), and only a handfulof nearby 
lusters have dark matter mass pro�les 
on-strained by redundant estimates. For the majority ofknown 
lusters, we are instead left with indire
t ob-servational proxies that are 
alibrated by low-redshift
lusters. Su
h standard observational proxies are theaverage temperature, the mass of the hot gas, and theprodu
t of these two, the total thermal energy [78℄. Re-
ent studies have 
ombined all of the aforementionedmass measurement te
hniques to obtain an estimate of14 ÆÝÒÔ, âûï. 6 (12) 1265
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lus-ters [79℄. In these studies, the measured mean slope ish
i � 0:50, whi
h is less shallow than the 
entral slopeof the standard NFW pro�le.Of parti
ular importan
e for gamma-ray analysesare the 
lusters that are the appropriate 
ombinationof the most nearby and the most massive. From theirmeasured mass distributions and known distan
es, sev-eral re
ent studies have 
ome to the agreement thatthe Fornax, Coma, and Virgo 
lusters are the bright-est sour
e of gamma rays from dark matter annihila-tion [80�82℄.Dark matter-only simulations of 
lusters of galaxiesare only able to resolve dark matter substru
ture withmass 10�5 times the mass of the host 
luster; this isperhaps 10 orders of magnitude larger than the min-imum mass dark matter subhalo that is predi
ted in�CDM theory. This un
ertainty due to the dark mat-ter substru
ture, along with the fa
t that only a rel-atively small number of 
lusters has been simulated,introdu
es a signi�
ant un
ertainty in the 
ontributionof 
luster substru
ture to the gamma-ray luminositythat arises from dark matter annihilation.Nevertheless, a signi�
ant in
rease in the gamma-ray signal from 
lusters is expe
ted from the presen
e ofsu
h dark matter substru
ture. Numeri
al simulationsprovide the most reliable method for determining thegamma-ray emission from subhalos in 
lusters. From asample of nine 
luster-mass dark matter halos, whi
hhave individual parti
le masses of � 106M� and iden-tify subhalos down to a mass s
ale of � 107M�, [72℄dire
tly determine the overall boost fa
tor and the sur-fa
e density pro�le of the substru
ture 
omponent for
lusters as a fun
tion of the 
luster mass. Though itrelies on an extrapolation, the substru
ture likely im-plies a substantial in
rease in the gamma-ray luminos-ity over the smooth 
omponent in 
lusters, perhaps upto several orders of magnitude.In sum, 
lusters represent a unique target for darkmatter sear
hes. Like the dSphs, they 
an be lo
alizedin spa
e, and their dark matter distributions 
an berobustly measured from astronomi
al data sets. How-ever, they are di�erent from dSph targets be
ause thereis expe
ted to be a large 
ontribution from dark mat-ter substru
ture within them. While this is expe
tedto in
rease the gamma-ray signal, in the 
ase of a nulldete
tion it does provide a substantial systemati
 un-
ertainty when attempting to set upper limits on theannihilation 
ross se
tion.Clusters are also distin
t from dSphs be
ause thereis expe
ted to be a signi�
ant �ux of gamma rays due to
osmi
 ray pro
esses. The gamma-ray luminosity due

to 
osmi
 rays in 
lusters is expe
ted to tra
e the gasdensity, so it is more 
entrally-
on
entrated than an ex-pe
ted dark matter annihilation signal, sin
e the darkmatter signal is more extended be
ause of the emissionfrom subhalos. As we dis
uss in the se
tions below,though very plausible theoreti
al predi
tions show thatgamma rays from both 
osmi
 rays and dark matter
ould have been dete
ted by gamma-ray observatories,there has been no 
on
lusive signal reported to date.2.6. Cosmologi
al mass fun
tion of darkmatter halosThe dis
ussion above has fo
used on measurementsof the dark matter distribution within the Milky Way,and nearby identi�ed dwarf galaxies and galaxy 
lus-ters. Gamma-ray sear
hes for dark matter are alsosensitive to the a

umulated emission from dark mat-ter annihilation in all the dark matter halos that haveformed in the Universe. Though this emission is �un-resolved�, it is possible to model given a mass fun
tionof dark matter halos. It may be possible to dedu
e thismass fun
tion from the observed luminosity fun
tion ofgalaxies, though this method is hindered by un
ertain-ties in the mapping of galaxy luminosity to dark matterhalo mass [83�86℄.A more robust estimate of the dark matter halomass fun
tion 
omes from large s
ale 
osmologi
al sim-ulations. The two largest volume 
osmologi
al simu-lations to date provide a statisti
ally-
omplete sampleof dark matter halos down to a maximum 
ir
ular ve-lo
ity of about 50 km/s, or a mass of approximately109M� [87�89℄. These studies �nd that the �halo mul-tipli
ity fun
tion�, whi
h is derived from the halo massfun
tion, appears to have a near-universal form at allredshift. This implies that it is possible to 
omputethe halo multipli
ity fun
tion at any redshift from well-measured 
osmologi
al parameters.As dis
ussed above in the 
ontext of galaxy 
lus-ters, dark matter annihilation signals are sensitive tosubstru
ture within dark matter halos. This impliesthat it is important to determine not only the massfun
tion of dark matter halos, but also the mass fun
-tion of dark matter substru
ture. Both the shape andthe s
atter in the subhalo mass fun
tion in simula-tions is well-
hara
terized down to subhalo masses atleast three orders of magnitude less than his halo mass.Semi-analyti
al models are now able to reprodu
e thetrends observed in the simulations [90℄.Given the un
ertainties asso
iated with the distri-bution of dark matter substru
ture in halos, in parti
-ular in the extrapolation of substru
ture down to the1266
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hes with gamma rays in the Fermi era : : :smallest mass s
ales below the resolution limit of sim-ulations, theoreti
al predi
tions for the di�use gamma-ray ba
kground from dark matter halos is di�
ult topre
isely pinpoint [91; 92℄. Sear
hes for di�use gammarays from dark matter annihilation must of 
ourse alsobe di�erentiated from gamma rays that are produ
edfrom 
osmi
 rays and other astrophysi
al sour
es su
has a
tive gala
ti
 nu
lei (AGN) and supernova rem-nants. Both the un
ertainties in the intrinsi
 emissionand the un
ertainties in the astrophysi
al gamma-rayba
kgrounds provide a substantial 
hallenge for signaldete
tion.3. FERMI-LAT AND IACT ANALYSESOver the 
ourse of the past de
ade, the �eld ofindire
t dark matter sear
hes with gamma rays hasmatured substantially. This is in large part due tothe performan
e of the present-generation spa
e andground instruments, notably the Fermi gamma-rayspa
e observatory and several IACT teles
opes, su
has H.E.S.S., VERITAS, and MAGIC. The results fromthese experiments are important both when viewed in-dependently and as results 
omplementary to thosefrom 
ollider and dire
t dark matter sear
hes. In thisse
tion, after a brief presentation of these instruments,we dis
uss the analysis 
hallenges that they fa
e.3.1. Current gamma-ray instrumentsAs the atmosphere is opaque to gamma rays, spa
eborne teles
opes are a priori ne
essary to observe thesky at high photon energy. Above a few tens of MeV,their intera
tions are 
ompletely dominated by pairprodu
tion, so that all re
ent gamma-ray spa
e instru-ments rely on a pair 
onverter asso
iated to a tra
kerto dete
t the traje
tory of the produ
ed ele
tron andpositron pair. The tra
ker is supplemented with anele
tromagneti
 
alorimeter to 
ontain the shower andallow for total energy estimate, and an instrumentedshield to veto the mu
h more frequent in
ident 
harged
osmi
 rays. The most important of su
h instruments
urrently a
tive is LAT [93℄ onboard the Fermi spa
esatellite, whi
h also in
ludes a gamma-ray burst de-te
tor (GBM). Sin
e June 2008, the LAT surveys thewhole sky every 90 minutes, in the energy range be-tween 20 MeV to greater than 300 GeV. The upper endof this range is here determined only by sparse statisti
sfor 
onventional (power-law) astrophysi
al sour
es andthe availability of reliable instrument response fun
-tions, i. e., 
an be mu
h higher.

The LAT is likely planned for operation until atleast 2018.Above a few hundred GeV, the fast de
reasing �uxof typi
al astrophysi
al sour
es and the ne
essarily lim-ited e�e
tive area of a spa
e instrument 
ombine tosigni�
antly degrade the sensitivity. Despite the atmo-spheri
 opa
ity, ground instruments have proven to beable to �take over� in this very-high energy range. Asimilar argument holds for a hypotheti
al WIMP sig-nal, as the �ux from WIMP annihilation is inverselyproportional to the WIMP mass squared. To de-te
t photons at su
h high energies, IACTs dete
t theCherenkov radiation produ
ed by the 
harged parti-
le 
as
ade that a high-energy gamma ray initiates inthe upper layers of the atmosphere. The Cherenkovlight is re�e
ted by large (� 10 m diameter) mirrorsonto 
ameras 
onsisting of arrays of photomultipliers.As the intera
tion takes pla
e high in the atmosphere(� 10 km) and the shower needs to rea
h a 
ertain sizeto be dete
table, the analysis threshold is usually 
loseto 100 GeV, though larger teles
ope mirror size (and the
orresponding possibility to dete
t fainter Cherenkovlight) 
an push the threshold down to about 30 GeV.The Cherenkov teles
opes 
urrently in operations areH.E.S.S [94℄ (5 teles
opes, in
luding the re
ently added28-meter teles
ope), VERITAS [95℄ (4 teles
opes) andMAGIC [96℄ (2 teles
opes). At slightly higher thresholdenergy, a di�erent dete
tion te
hnique 
onsists in build-ing an array of water tanks instrumented with photo-multipliers and in re
ording the passage of the showerparti
les themselves, throught the Cherenkov light thatthey emit while traversing the water. This te
hniqueis exempli�ed by MILAGRO [97℄, and more re
entlyHAWC (see Se
. 5).The LAT and IACTs have very distin
tive opera-tion modes and fa
e quite di�erent 
hallenges. Whilethe LAT surveys the whole sky 
ontinually without anyneed to point in a spe
i�
 dire
tion (but for the 
ase oftransients), IACTs operate in a pointed mode and witha limited duty-
y
le (though this is not true for waterCherenkov instruments) and have to rely on the largere�e
tive area (by a fa
tor of 104 to 105) as 
ompared tothe LAT. As a result of the �eld of view, the LAT 
ana priori provide observations on any of the targets dis-
ussed in Se
. 2, while in the 
ase of IACTs, these tar-gets are in 
ompetition with other astrophysi
al sour
esof interest to the 
ommunity. Furthermore, the LAThas an ex
ellent 
osmi
-ray reje
tion power, so that itsba
kground in 
onventional analyses is dominated bygamma-ray events from various sour
es in the �eld ofview. The 
omplexity of the LAT analysis is due to themulti-dimensional response fun
tions and the need to1267 14*
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ient ba
kground reje
tion implies that IACTs aredominated by an isotropi
ally-distributed 
harged 
os-mi
 ray ba
kground. In addition, the fa
t that theatmosphere is used as a dete
tor volume implies thatvarying atmospheri
 
onditions as well as the 
hoi
eof atmospheri
 
onditions and night-sky ba
kgroundindu
e important and di�
ult to handle systemati
sin a

eptan
e 
orre
tions, whi
h eventually (togetherwith the very hard to distinguish 
omponent of 
os-mi
 ray ele
trons) provide the fundamental limitationto dete
ting dark matter.3.2. Astrophysi
al 
hallengesThe astrophysi
al 
hallenges outlined in Se
. 2 
allfor advan
ed analysis methods that allow robust infer-en
e about the parti
le physi
s properties of dark mat-ter. Fermi-LAT analyses are largely based on a max-imum likelihood method, where spatial and spe
tralmodels of both signal and ba
kground 
omponents are�t to data after 
onvolution with a parameterized in-strument response. For a dedi
ated review of statisti
alaspe
ts of these analyses, see [98℄. Modeling the ba
k-ground 
an in 
ertain 
ases introdu
e signi�
ant sys-temati
s, with likely the most problemati
 
ase beingmodeling the di�use gamma-ray ba
kground towardsthe Gala
ti
 
enter. Until re
ently, IACT sear
hes forWIMP dark matter fo
used on 
omparing integral �uxpredi
tions with the data, instead of using the full spe
-tral information predi
ted by a single or 
ombination ofannihilation or de
ay 
hannels. Modeling of the ba
k-ground has not been 
ommonly performed but ratherthe ba
kground expe
tation was obtained from an o�-sour
e region of interest. The signi�
an
e of an ex
ess isthen 
ommonly inferred from the maximum likelihoodratio test statisti
 [99℄ applied to the 
ase of OFF esti-mation of the ba
kground, and 
on�den
e intervals us-ing either a 
ounting experiment pro�le likelihood [100℄or using a Neyman 
onstru
tion [101℄. In the remain-der of this se
tion, we will dis
uss in detail the di�erentanalysis approa
hes for the di�erent astrophysi
al tar-gets. 3.3. Gala
ti
 
enterAs dis
ussed in Se
. 2 the Gala
ti
 
enter (GC)is probably the strongest sour
e of gamma-ray radia-tion due to dark matter annihilation. However, theGC is 
rowded with 
onventional gamma-ray sour
es:H.E.S.S. and Fermi-LAT sour
es at the GC are 
onsis-tent with ea
h other and known sour
es [102�104℄. For

this reason, the GC is typi
ally not dire
tly studied insear
h for dark matter annihilation. Modeling the dif-fuse emission in the inner Galaxy, de�ned here as theregion interior to the Solar 
ir
le, also poses a signi�-
ant theoreti
al 
hallenge � for this reason the Fermi-LAT has not published dark matter 
onstraints fromeither the GC or inner Galaxy, leaving aside sear
hesfor spe
tral features (see below).At IACT energies the systemati
s of the di�useemission is less signi�
ant. The analysis presented in[105℄ applies an ON�OFF te
hnique, where the ba
k-ground is determined by OFF-sour
e observations, andin this spe
i�
 
ase the OFF-sour
e region is de�nedwithin the �eld of view. The disadvantage of de�ningthe OFF-sour
e region within the �eld of view (i. e., rel-atively 
lose to the GC) is that a potential signal will besubtra
ted as part of the ba
kground. This means thatthe sensitivity might be redu
ed for relatively 
oreddark matter pro�les. An alternative is therefore to de-�ne the OFF region from separate pointings, i. e., point-ings that are truly OFF-sour
e. The likelihood for thisapproa
h isL(nON ; nOFF js; b; �) == Pois(nON js+ b)Pois(nOFF j� b); (8)where nON and nOFF denote the number of 
ountsin ON and OFF regions, respe
tively, � is the ratiobetween the total ON region a

eptan
e and OFF re-gion a

eptan
e and b as usual denotes the ba
kgroundexpe
tation. There are two assumptions going intothis approa
h: the ba
kground expe
tation is the samein the ON-sour
e and OFF-sour
e region, and the ra-tio between the ON-sour
e and OFF-sour
e a

eptan
eis known. The latter is a systemati
 whi
h will be-
ome important for future IACTs, su
h as CherenkovTeles
ope Array (CTA), where the statisti
al un
er-tainties are sub-dominant as 
ompared to systemati
.For a potential way of handling these un
ertaintiessee [106; 107℄.To 
ir
umvent the aforementioned disadvantage forthe GC that in standard observation mode the OFF re-gions are within the few-degree �eld of view of the 
am-era, a te
hnique whi
h obtains OFF data from a trulyseparate pointing has to be implemented. However,this introdu
es new systemati
 un
ertainties that haveto be 
arefully addressed; using this te
hnique 
ompet-itive limits have nonetheless been presented in [108℄.3.4. Gala
ti
 di�use emissionThe Gala
ti
 di�use emission provides a poten-tially powerful target for dark matter sear
hes, e. g.,1268
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hes with gamma rays in the Fermi era : : :[109; 110℄. For these sear
hes, the gamma ray spe
trumand spatial distribution 
an both be used as dis
rimi-nants. However, astrophysi
al-indu
ed di�use emissionfrom the Galaxy is very di�
ult to model. Parametersto be 
onsidered are halo height, di�usion 
oe�
ientsand indi
es, Alfven velo
ity, power-law indi
es of theinje
tion spe
trum of 
osmi
 rays and spatial distri-bution of 
osmi
-ray sour
es as well as maps of theinterstellar radiation �eld and gas distributions. Themost detailed model of Gala
ti
 di�use emission and
osmi
-ray propagation is provided by the GALPROP
ode [111℄1). The more than 20 parameters enteringthis modeling (and in prin
iple also versions of the in-put gas maps and interstellar radiation �elds) 
onsti-tute a set of nuisan
e parameters that must be han-dled in order to extra
t a potential dark matter 
on-tribution. The most advan
ed attempt in dealing withthese parameters is presented in [112℄, whi
h uses apro�le likelihood. A subset of the full parameter spa
ewas 
onsidered in this work. For the linear parametersa �t to the data provides a pro�le estimate, while forthe non-linear parameters a grid of likelihood pointswas 
onsidered to map the 
omplete likelihood fun
-tion. However, the performan
e of this mapping is stilldi�
ult to assess. The 
omplexity of the problem sug-gests that s
anning algorithms designed for Bayesianinferen
e 
ould be more suitable for the problem. Thishas been applied to 
osmi
-ray data to provide 
on-straints on di�usion parameters [113℄.3.5. Dwarf spheroidalsFor reasons highlighted in Se
. 2, dSphs are valu-able targets for dark matter sear
hes. There is now asubstantial body of literature devoted to understand-ing how to extra
t a gamma-ray signal from dSphs.For this reason, we will give here detailed a

ount ofthe methods that are used in these sear
hes.3.5.1. Formalism and illustrationHere we des
ribe in detail the full likelihood analy-sis method used in dSph sear
hes with the Fermi-LATand more re
ently also with H.E.S.S. [114℄, and MAGIC[115℄2). In order to illustrate the advantages of the fulllikelihood analysis, we start by �xing our notation. We
onsider a dataset D1 sele
ted in a region of observa-tion �1�, and a statisti
al model whi
h 
ontains a setof parameters of interest pi and a set of nuisan
e pa-1) http://galprop.stanford.edu.2) For an alternative statisti
al approa
h see [116℄.

rameters pn1 . We further write the logarithm of thelikelihood fun
tion L1(D1jpi;pn1 ). While the maximumlikelihood inferen
e based on the observationDi resultsfrom minimizing L1 with respe
t to the parameters, it
an be generalized in a straightforward manner to the
ase where di�erent, disjoint, observations D1 and D2are modeled using the same parameters of interest.The 
ombined log-likelihood fun
tion to be used forinferen
e now simply readsL
omb(D1; D2jpi;pn1 ;pn2 ) == L1(D1jpi;pn1 ) + L2(D2jpi;pn2 ): (9)Su
h a property of �additivity� is an extremely ap-pealing feature of the likelihood inferen
e pro
ess, thatwe now illustrate with the 
ase of a WIMP gammaray annihilation analysis in the dire
tion of two dwarfspheroidal galaxies, ea
h in either region �1� or �2�. Theparameters of interest are h�vi;mWIMP , and we singleout, for the sake of the dis
ussion, the J-fa
tors J1 andJ2 from the rest of the nuisan
e parameters3). Takingnote of the fa
t that the likelihood model in su
h ananalysis a
tually in
ludes only the produ
t of h�vi andJ1;2, the 
ombined log-likelihood now readsL
omb(D1; D2jh�vi � J1; h�vi � J2; J1; J2;pn1 ;pn2 ) == L1(D1jh�vi � J1; J1;pn1 ) ++ L2(D2jh�vi � J2; J2;pn2 ): (10)In order to infer a best-�t value for h�vi it is thusne
essary to �x J1;2 to some values; this bars anypropagation of the 
orresponding un
ertainties into theanalysis. This 
an a
tually be 
ir
umvented by 
onsid-ering that any value of a J-fa
tor 
omes from a set ofstellar observations d and an inferen
e pro
ess basedon a posterior distribution or a likelihood fun
tion, sothat we generi
ally write PJ (djJ; I). Here, I stands forany other information needed to 
onstru
t this fun
-tion, for instan
e the 
hoi
e of a parameterized modelfor the dark matter pro�le. The 
ombined likelihoodanalysis 
an be extended to read:L
omb(D1; D2; d1; d2jh�vi � J1;h�vi � J2; J1; J2;pn1 ;pn2 ) == L1(D1jh�vi � J1; J1;pn1 ) ++ L2(D2jh�vi � J2; J2;pn2 ) ++ PJ(d1jJ1; I) + PJ (d2jJ2; I): (11)3) In pra
ti
e, the WIMP mass is kept �xed during the like-lihood inferen
e pro
ess, so that we omit it in the rest of thisdis
ussion.1269
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y between the J-fa
tor andh�vi is removed, and there is an automati
 propaga-tion of the statisti
al un
ertainty in the stellar anal-ysis down to the inferen
e about h�vi. Given theshape of the Bayesian posterior probability densities
ommonly obtained in J-fa
tor derivations from stellaranalyses [54; 68; 117℄ a
tually use a Log-Parabola fun
-tion as an ansatz for the PJ fun
tion.We 
an now illustrate the power of this 
ombinedanalysis. For this purpose we 
onsider the two dSphs,Carina and Ursa Major II. For those two dSphs, the
entral and sigma values for the Log-Parabola fun
tionare (6:3 � 1017; 100:1) and (5:8 � 1017; 100:4), respe
tively.Thus, Carina has a mu
h lower J-fa
tor than Ursa Ma-jor II, but its distribution is mu
h narrower, so theun
ertainty in
urred in 
hoosing the 
entral value as�du
ial J-fa
tor is mu
h lower. Figure 2 presents thelikelihood 
urves for the single-dSph and the 
ombinedanalyses, pro�led over the nuisan
e parameters, in
lud-ing the J-fa
tors.The mass and 
hannel used for this illustration are100 GeV and b�b, respe
tively. The interse
tion betweenthe horizontal dotted 
urve and a likelihood 
urve lo-
alizes in the x-axis the 95% C.M. value for h�vi, sothat the lower its value, the stronger the upper limit.Thus, as expe
ted when no a

ount is taken of theJ-fa
tor un
ertainties, Ursa Major II (bla
k (green)dashed 
urve) outperforms Carina (grey (blue) dashed
urve) by and large. On the other hand, the 
ombinedanalysis (light grey (red) dashed 
urve) performs barelybetter than Ursa Major II alone, due to the modest sta-tisti
al power of Carina. When J-fa
tor un
ertaintiesare taken into a

ount (see plain 
urves, with identi
al
olor 
oding), one immediately noti
es that Carina'slimit does not degrade by mu
h, while limits from UrsaMajor II are signi�
antly weaker than before. And fur-thermore, the 
ombined likelihood result is now sig-ni�
antly improved 
ompared to Ursa Major II: whenJ-fa
tor un
ertainties are taken into a

ount, the sta-tisti
al power of Carina is no longer negligible. Com-parison of the dashed and plain light grey (red) 
urvesshows the e�e
t of the J-fa
tor un
ertainty on the 
om-bined upper limit.3.5.2. Dwarf spheroidals and the global �tThe likelihood method des
ribed above 
an be ex-tended to attempt statisti
al inferen
e on a spe
i�
 su-persymmetri
 model, in
luding taking into a

ount 
ol-lider experiments [118℄. The result of this type of anal-ysis is a likelihood or posterior maps in the parameterspa
e of 
onstrained supersymmetry. However, be
ause

of the sparsity of the data, inferen
e on the physi
almodel is di�
ult. Nonetheless, this result serves as aproof of 
on
ept for future attempts to 
ombine resultsof di�erent dark matter probes in a 
onsistent likeli-hood or Bayesian inferen
e.3.6. Dark satellitesDark satellites are intriguing obje
ts for dark mat-ter sear
hes. In an ideal s
enario, they would 
onstitutea gamma ray sour
e without 
ounterpart in any otherwavelength. For a preliminary estimate, the list ofunasso
iated Fermi-LAT sour
es provides a 
atalogueof potential dark matter satellites.In order to be 
lassi�ed as a dark satellite 
andidate,�rst and foremost the energy spe
trum should be 
on-sistent with a dark matter indu
ed spe
trum and dis-tinguishable from more 
ommon astrophysi
al-indu
edspe
tra, su
h as a power-law, or a more di�
ult to dealwith pulsar spe
trum (see, e. g., [119℄). Additionally,the sour
e may be extended, whi
h would be in par-ti
ular true if the sour
e was very near to the solarsystem. From a statisti
al perspe
tive, a likelihood ra-tio test statisti
 provides a mean to address this ques-tion of whether the energy spe
trum of the sour
e is
onsistent with dark matter. The problem though isthat the hypotheses, in parti
ular the question whetherthe sour
e exhibits a power-law as 
ompared to a darkmatter spe
trum, 
onstitute a non-nested model 
om-parison for whi
h the usual asymptoti
 theorems (su
has [120℄) do not hold. This implies that the signi�
an
eof a potential dete
tion (reje
tion of the null hypothe-sis) 
annot be robustly 
al
ulated. Te
hniques that areproposed to address this problem are known in litera-ture [121℄, but it is un
lear if they perform in a satis-fa
tory manner (see, e. g., [98℄ and referen
es therein).Thus, the null distribution of the test statisti
 is de-rived from Monte Carlo simulations of the experimentor from random region of interests in the sky [122℄. ForIACTs, the list of unasso
iated sour
es provides po-tential targets for deep follow-up observations, and thesame 
riteria for 
laiming a dete
tion would apply.3.7. Galaxy 
lustersThe sear
h for dark matter in Galaxy 
lusters uti-lizes analysis methods similar to those used for dSphs.The main di�eren
e is that galaxy 
lusters are in alllikelihood extended sour
es of gamma-ray emission.Indeed, if substru
tures and their 
orresponding �uxdominates the dark matter 
ontribution, it is the outerparts of 
lusters that dominate. As a spe
i�
 example,1270
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Fig. 2. Relative likelihood fun
tion versus velo
ity averaged annihilation 
ross se
tion. The e�e
t of a 
ombined likelihoodanalysis with in
lusion of the J-fa
tor un
ertainty, in the 
ase of two dSphs, Carina and Ursa Major II, is illustrated. (Coloronline see arXiv:1503.06348v3[astro-ph.CO℄)the Virgo 
luster may have an extension of approxi-mately 6 degrees. The sear
h for gamma-ray emissionfrom 
lusters therefore has to use extension as sour
emodel. The major drawba
k of this is that the re-sults are in general sensitive to the modeling of thedi�use emission, and un
ertainties in this di�use emis-sion must be a

ounted for. A full mapping of thelikelihood spa
e of this 
omponent is very di�
ult (seealso next subse
tion). As a result, in the analysis pre-sented in [123℄ the systemati
 e�e
ts due to modelingof the di�use emission are a

ounted for by 
onsideringa set of �du
ial di�use models and re
al
ulating limitsseparately for ea
h of these �du
ial models.3.8. Sear
hes for dark matter line signalSear
hing for spe
tral features is in prin
iple a sim-pler task than sear
hing for a 
ontinuum signal. In this
ase, the main question is whether there is a lo
al (inenergy spa
e) deviation from a ba
kground, whi
h 
anbe inferred from the data itself. This means that nophysi
s modeling of the ba
kground is ne
essary. Theline signal is des
ribed by a delta fun
tion 
onvoluted

with the energy dispersion introdu
ed by the instru-ment.The analysis of line signals typi
ally pro
eeds byapplying a sliding window te
hnique, i. e., the windowis 
entered on the parti
le mass to be tested, and theba
kground is determined either from the whole win-dow or ex
luding some signal region. The size of thewindow is 
hosen su
h that the ba
kground is des
ribedby a simple empiri
al �t (in best 
ase a power-law).Statisti
al inferen
e is often performed using an ex-tended likelihood �t, with appli
ation of Wilks theo-rem [120℄ or Cherno� theorem [124℄ to obtain signi�-
an
e and the pro�le likelihood to infer 
on�den
e in-tervals. At this stage, most analyses do not attemptto model the spatial distribution of the gamma rays,but instead optimize the region of interest using a sig-nal and ba
kground predi
tion and then treating theproblem only with the spe
tral likelihood. The aboveapproa
hes have been applied in [125�128℄. [128℄ alsotakes into a

ount the quality of the event re
onstru
-tion by 
onsidering not only the likelihood of the pa-rameter of interest but by also 
onsidering the distri-bution of photons in a quality parameter. The analysisin [129℄ uses both spe
tral and spatial distributions.1271



J. Conrad, J. Cohen-Tanugi, L. E. Strigari ÆÝÒÔ, òîì 148, âûï. 6 (12), 2015While peak �nding of this sort is as old as parti
lephysi
s, 
hallenges remain. Potential 
hallenges 
omefrom 
hoosing the side band window large enough toallow a good determination of the ba
kground, whilestill being small enough that a simple empiri
al fun
-tion will des
ribe it. Another important aspe
t is thatvery good knowledge of the energy dispersion is ne
-essary as inferen
e is done on a steep spe
trum wheresmall biases in our knowledge of the energy dispersion
an have large e�e
ts. Finally, in sear
hes for darkmatter, mass is a parameter that is not de�ned underthe null hypothesis and will thus introdu
e a trial 
or-re
tion, whi
h in pra
ti
al appli
ations is not simply
al
ulated by applying the binomial distribution, but
orrelations have to be taken into a

ount. In thesemore 
ompli
ated 
ases there are two approa
hes to fol-low: employing Monte Carlo simulations or resamplingfrom OFF-sour
e data distributions. The main 
hal-lenge here is to be able to simulate the null distributionto su�
ient a

ura
y for the high signi�
an
e needed(usually 5�), i. e., the need for a large (� 108) num-ber of independent experiments. Solutions to this haveemerged, the simplest being to �t an empiri
al fun
tionto the obtained test statisti
 distributions (e. g., donein [127℄). Another one proposed by [130℄ extrapolatesto higher signi�
an
e from a lower number of simula-tions (see also [98℄, for a more detailed dis
ussion). Itshould be noted that the latter is only stri
tly appli-
able in the 
ase of 
ontinuous trials, i. e., the wholespe
trum is �t with the mass as a free parameter. Fi-nally, in 
ase of not very 
on
lusive data, it might bedi�
ult again to distinguish a line feature from anyother feature (e. g., a broken power-law). Again, non-nested hypothesis testing would have to be performedfor rigorous results.4. STATUS OF DARK MATTER SEARCHESWITH GAMMA RAYSIn this se
tion we review the 
urrent status of indi-re
t dark matter sear
hes with gamma rays. We assim-ilate the information on astrophysi
al targets (Se
. 2)with the information on instrumental sensitivities andstatisti
al methodology (Se
. 3). For the two maintypes of gamma-ray experiments, the all-sky Fermi-LAT and the IACTs, our goal is to review the statisti
alanalysis method that is most appropriate for ea
h tar-get, and review the results that have been obtained.As was reviewed in Se
. 3, the nominal all-sky sur-vey mode of the Fermi-LAT is ideally suited to exploreessentially all potential targets in the gamma-ray sky.

From an astrophysi
al and experimental perspe
tive,though, these targets in
ur signi�
antly di�erent sys-temati
 un
ertainties.As we detail in this se
tion, in the past few years theFermi-LAT 
ollaboration has extended the statisti
alframework of the o�
ial S
ien
eTools to in
lude a jointlikelihood formalism that allows for the 
ombination ofseveral sour
e regions of interest into a single analysis.Su
h a 
ombined analysis was introdu
ed in [117℄, andwas reviewed in Se
. 3.5 above. Though this frame-work is not yet able to 
ompletely solve the 
omplexityof 
ombining LAT analyses of all possible targets, it hasfor the �rst time produ
ed sensitivities to the nominalthermal reli
 value of h�vi � 3 � 10�26 
m3�s�1.At higher energies, IACTs have gained ground. The
onstraints obtained from observations of the MilkyWay halo in the vi
inity of the Gala
ti
 
enter 
onsti-tute a large step forward for 
onstrainingWIMPmassesabove about a TeV.In the following se
tions, we provide a summaryof the most relevant gamma-ray analyses and resultsfrom Fermi-LAT and IACTs, in
luding observations ofthe Gala
ti
 
enter and di�use Gala
ti
 halo, dSphs,dark satellites, galaxy 
lusters, and the di�use isotropi
ba
kground.The spe
trum of gamma rays depends on the an-nihilation 
hannel. Unless otherwise noted we will fol-low the 
onvention to present results for annihilationinto b-quark pairs, whi
h 
an be seen as representa-tive for quark annihilation in general. Annihilation to� -leptons generi
ally results in a harder spe
trum. Ma-jorana WIMPs in general do not preferably annihilateto light leptons (ele
trons or muons) as the annihila-tion is heli
ity suppressed, ex
ept if for example vir-tual internal bremsstrahlung or �nal state radiation is
onsidered for supersymmetri
 parti
les, e. g., [131℄.4.1. Gala
ti
 
enterAs a prime target for indire
t dark matter sear
hes,the Gala
ti
 
enter has been the subje
t of intenses
rutiny for well over a de
ade. [132℄ proposed adark matter interpretation to the gamma-ray sour
e de-te
ted with EGRET [133℄. Near the same time IACTsalso dete
ted a TeV sour
e [134; 135℄, whi
h seriously
hallenged a dark matter interpretation of the EGRETsour
e [136℄. Independent of dark matter, these obser-vations were important be
ause they showed that nearthe Gala
ti
 
enter, in addition to the di�use ba
k-ground, there exist strong gamma-ray emitters. Morere
ent analyses of the Fermi-LAT data (e. g., [137�142℄)have reported the dete
tion of an extended ex
ess, 
om-1272
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hes with gamma rays in the Fermi era : : :patible in shape and spe
trum with a . 30 GeV WIMPannihilating to b�b.Several groups have followed up and 
on�rmed theexisten
e of this inner Galaxy ex
ess in the Fermi-LAT data. [140℄ pointed out the 
riti
al dependen
eon foreground modeling, as well as the possibility thatthe ex
ess arises from unresolved millise
ond pulsars.[143; 144℄ show that this ex
ess 
an be explained by lo-
al population of 
osmi
-ray protons, potentially due toa burst-like inje
tion several thousand years ago. Thereis also the yet unsettled 
hara
terization of the Fermibubbles at low latitude (see [141℄ for a dis
ussion of thispoint). At the time of writing, there is no 
lear reso-lution to this ex
ess emission, and it is quite possiblethat there won't be a resolution for some time. It is 
er-tainly true that a 
on�rmation of this ex
ess in one ofthe other targets, for example 
lusters or dwarf galax-ies, would be needed to further strengthen the 
ase fordark matter. Taking a best guess nominal J-fa
tor ofthe GC, the most re
ent Fermi-LAT 
ombined dSphsear
h 
ould have 
on�rmed the ex
ess, but only re-ported 
onstraints [145℄ (see below). Probably the most
onservative stan
e at this point assumes that all of theex
ess photons are not due to dark matter annihilation;this assumption implies stringent 
onstraints on a 
on-tra
ted NFW s
enario at the Gala
ti
 
enter [146℄.4.2. Gala
ti
 haloThe di�use Gala
ti
 halo has long been advo-
ated as an interesting target for dark matter sear
hes.[147; 148℄ �rst dis
ussed the idea of sear
hing in an an-nulus around the 
enter of the Galaxy. This would by-pass aforementioned systemati
 un
ertainties that hin-der su
h a Gala
ti
 
enter analysis. The HESS 
ollab-oration put su
h a strategy in pra
ti
e in [149℄, wherean annular region from 0:3Æ to 1Æ radius was analyzed,ex
luding the Gala
ti
 plane (jbj < 0:3Æ). Using 112hours of livetime observations and a generi
 
ontinuumspe
trum from [150℄, they derived, for NFW or Einastodensity pro�les, the most stringent limits to date in the1 TeV WIMP mass range. For instan
e h�vi in ex
essof 3 � 10�25 
m3�s�1 is ex
luded assuming an Einastodensity pro�le.As dis
ussed in Se
. 3, de�ning the ba
kground re-gion within the �eld of view is not e�
ient, espe
iallyif the dark matter distribution in the 
entral galaxyis 
ored. A proof of 
on
ept for treating this situa-tion is published in [108℄ providing 
ompetitive limitswith only 9 hours of data. The main 
on
eptual nov-elty is that the OFF region is 
onstru
ted from sep-arate pointings of the teles
ope array. To make sure

that atmospheri
 
onditions are preserved as mu
h aspossible an o�set in right as
ension is 
hosen to de�nethe OFF-sour
e pointings. However even in this 
asea novel treatment of the a

eptan
e 
orre
tion for theba
kground estimate had to be introdu
ed. In this par-ti
ular 
ase the 
enter of the OFF regions is about 6degrees away from the 
enter of the signal region, andthe J-fa
tor is redu
ed by at least a fa
tor of 3.More re
ently, Fermi-LAT has analyzed data on alarger s
ale within a region of jlj < 15Æ and 5 < jbj << 80Æ [112℄. This analysis used Pass 7 and masked1FGL point sour
es. The analysis pro
eeds with theCLEAN 
lass and thus the P7CLEAN_V6 instrumentresponse fun
tions (irfs) to infer stringent limits onh�vi, while dis
ussing in great details the dependen
eof the analysis on the Gala
ti
 foreground modeling,whi
h is the main issue with su
h a halo analysis when
omparing to the dwarf spheroidal 
onstraints.To summarize the previous dis
ussion and the 
ur-rent observational situation, we gather in Fig. 3 themost relevant 
urrent limits obtained for analyses ofregions within the Milky Way.This �gure 
learly illustrates the power that a deepobservation with a Cherenkov instrument has to set
ompetitive upper limits for energies about 1 TeV. Italso emphasizes the advantage of a halo analysis withthe LAT, with respe
t to satellite or GC blind sear
hes,though we stress again that ba
kground systemati
s af-fe
t the limits mu
h worse in this 
ase. In addition, thehalo upper limits are proportional to the squared nor-malization of the dark matter density distribution ofthe Galaxy, usually estimated at the position of theSun. As dis
ussed in Se
. 2, there is still a substantialun
ertainty in the estimation of the lo
al dark mat-ter density, 0.2 to 0.9 GeV�
m�3, so that the resultingun
ertainty on a dark matter annihilation �ux is infa
t larger than the un
ertainty just 
ontributed by themodeling of the Gala
ti
 di�use emission (see [122℄, forfurther details).4.3. Dwarf spheroidalsAs dis
ussed in Se
. 2, with their la
k of high-energyemission pro
esses and large dark to luminous mass ra-tio, dwarf spheroidal galaxies are a prime target forgamma-ray instruments. As the expe
ted �ux s
aleswith the inverse square of the distan
e, only the satel-lites of the Milky Way have been investigated so far,whi
h amounts to about 25 targets. While Fermi-LATis surveying the whole sky 
ontinuously, IACTs needto allo
ate observation time to point in the dire
tionof any dSph. As of this work, a total of 9 dSphs have1273
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ity averaged annihilation 
ross-se
tion versus WIMP mass from indire
t sear
hes in gammarays, for analyses fo
using on the Milky Way. In dashed red (HESS halo), the 95% CL UL in the Gala
ti
 
enter halo analysisfrom [149℄; in blue (LAT halo no bkg), the LAT halo analysis [265℄ 
orresponding to 3� CL upper limits, when no di�useba
kground modeling is performed; in green (LAT halo), same but in the 
ase where proper modeling of the di�use gammaray ba
kground is performed; in 
yan (LAT GC), the LAT di�use-model-free 3� ULs at the Gala
ti
 
enter [146℄; in dashed
yan (LAT GC res
aled), same but res
aled to the same lo
al DM density as the LAT halo analysis; in yellow (LAT GCNFW
), same but in the 
ase of a 
ontra
ted NFW pro�le; in magenta (LAT HVC), the 95% CL limits obtained with theSmith 
loud [172℄. The dot marker with the label �Satellites� 
orresponds to the 95% CL upper limit for a 100 GeV WIMPmass obtained in the unidenti�ed LAT sour
e analysis [122℄. (Color online see arXiv:1503.06348v3[astro-ph.CO℄)been observed by ACTs. The HESS 
ollaboration ini-tially presented 
onstraints from � 11 hours of observa-tion toward Sagittarius dwarf [151; 152℄, whi
h have re-
ently been largely revised with 90 hours a

umulatedon target and with a major modi�
ation to the densitypro�le of this tidally stripped nearby galaxy [153℄. TheHESS 
ollaboration also published results from CanisMajor (� 10 hours) [154℄, S
ulptor (� 12 hours), andCarina (� 15 hours) [155℄. As mentioned previously,HESS also has presented an analysis 
ombining previ-ous observations of dSphs with a new long exposure ofthe Sagittarius dwarf, employing a 
ombined likelihoodte
hnique inspired by the Fermi-LAT analysis [114℄.The MAGIC 
ollaboration presented results from 10 to20 hours of observations towards Willman I [156℄ andDra
o [157℄, but devoted most of the allo
ated time tothe observation of Segue 1, initially with 43 hours onone teles
ope [158℄, and re
ently updated with a 160-hour analysis [159℄, that also makes use of a full likeli-hood te
hnique, akin to what the Fermi-LAT 
ollabo-ration is routinely doing. Finally, the Veritas 
ollabora-tion presented results for Bootes I, Dra
o, Ursa Minor,and Willman I [160℄, and for Segue 1 (50 hours) [161℄.These observations are to be 
ompared to the

1000-hour equivalent of 11 months of LAT survey,whi
h resulted in �ux limits set in the dire
tion of 20dSphs, and dark matter 
onstraints derived for a sub-set of 8 of these, based on robust J-fa
tor values [162℄.Fo
using spe
i�
ally on the 
onstrained minimal super-symmetri
 model, [118℄ added the analysis of Segue 1with approximately the same amount of data. Thus,quite generi
ally given the plausible allo
ation timeon dSphs by IACTs, LAT 
onstraints are expe
tedto dominate below WIMP masses of order 1 TeV,at whi
h point the fast degradation of LAT sensitiv-ity qui
kly limits its performan
e. As a 
onsequen
e,while programs are ongoing to in
rease the total du-ration of IACT observations in the dire
tion of dSphs(e. g., [163℄), it is also 
ru
ial to maximize the statisti
alpower of the analyses by using the full-likelihood te
h-nique, as 
onsidered for instan
e in [115; 159℄ and [114℄.Along these lines, [117℄ introdu
ed a joint-likelihoodformalism that 
ombines the statisti
al power providedby several dSphs into a single inferen
e (see Se
. 3.5,and also [164℄ for an alternative 
ombined methodol-ogy). Using 24 months of Pass 6 �di�use� data andthe 
orresponding P6V3 irfs, the Fermi-LAT 
ollabo-ration derived a single 95% CL ex
lusion 
urve using1274
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hes with gamma rays in the Fermi era : : :10 dwarfs, that for the �rst time rea
hed the �standard�thermal-reli
 value of h�vi = 3 �10�26 
m�3�s�1 for an-nihilation into quarks. Furthermore, the Fermi-LAT
ollaboration introdu
ed for the �rst time a s
heme todire
tly a

ount for the J-fa
tor un
ertainty into theupper limits on h�vi stemming from the statisti
al na-ture of the dark matter pro�le derived from stellar data.The analysis presented in [117℄ was later updated to 4years of Pass 7 repro
essed data [165℄, in whi
h a mu
hmore thorough analysis of the data in the dire
tion of25 dSphs was done. A subsample of 15 dSphs with ro-bust J-fa
tors were retained to derive upper limits onthe annihilation 
ross se
tions in di�erent 
hannels. Inthe latter analysis, it was found that the test statisti
distribution, naturally de�ned as the likelihood ratiobetween the null hypothesis (ba
kground-only) best �tand the dark matter (DM)+ba
kground �t did not fol-low a �2 distribution, implying a 
orre
tion redu
ingthe apparent signi�
an
e of an ex
ess. The most likely
ause of this deviation is a population of unresolvedpoint sour
es, 
on�rmed by the most re
ent in
arna-tion of the Fermi-LAT analysis [145℄.For the 
ase of dSph sear
hes it is worth notingthat the advantage of the full likelihood formalism de-veloped lies in the fa
t that it opens up the possibil-ity to eventually share the likelihood fun
tions a
ross
ollaborations to add as many dSphs as possible, oreven 
ombine targets. As a �rst step in this dire
-tion, the Fermi-LAT 
ollaboration has released the like-lihood fun
tions used in [165℄. Finally, to our knowl-edge the possibility to add J-fa
tor un
ertainties to afull-likelihood formalism, as proposed by the LAT 
ol-laboration [115; 165℄, has only been 
onsidered in themost re
ent sear
h for dSph emission performed by theHESS 
ollaboration [114℄.On the topi
 of satellite galaxies of the Milky Way, italso should be noted that the Large Magellani
 Cloud(LMC) and Small Magellani
 Cloud (SMC) also pro-vide targets for dark matter sear
hes. Extra
tion ofgamma rays from dark matter must however 
ompetewith the dete
ted gamma-ray emission that arises from
osmi
 rays [166; 167℄. [168℄ have re
ently performed ananalysis of the LMC sear
hing for a dark matter signalwith Fermi-LAT data, and report a null dete
tion.4.4. Dark satellitesThe Fermi-LAT has performed a sear
h for a gam-ma-ray signal from the predi
ted population of darksatellites of the Milky Way [169℄. In this analysis the231 high-latitude (jbj > 20Æ) unidenti�ed 1FGL sour
eswere augmented with 154 
andidate dete
tions using

a dedi
ated sear
h for potentially extended sour
es athigh latitude, and one year of Pass 6 DIFFUSE-
lassLAT data (in the energy range 200 MeV to 300 GeV).A spe
tral and spatial sele
tion was applied to 
he
k
ompatibility with a dark matter signal, resulting in noremaining 
andidate and, after 
omparison with simu-lations, a 
onstraint on h�vi is derived whi
h is about1:95 � 10�24 
m3�s�1 for a 100 GeV WIMP annihilatinginto b�b. Starting from the 1FGL point sour
e 
atalog,[170℄ also undertake a sear
h for dark matter subhalos,and similarly report no 
on
lusive dete
tion.Some theories suggest that high-velo
ity 
louds(HVC) may be embedded within dark matter subhalos[171℄, and if so, they provide a target for gamma-raysear
hes. [172℄ fo
used on the Smith Cloud, a mas-sive low-metalli
ity HVC lo
ated at a distan
e of about12 kp
 from the Sun (this is one of the few HVCs witha known distan
e). Five years of Pass 7 repro
essedCLEAN-
lass data in the energy range 500 MeV to300 GeV yielded no dete
tion, resulting in 
onstraintson h�vi whi
h are 
omparable to the dSph 
ombinedanalysis [165℄ for an assumed NFW pro�le. Of 
ourse,it should be emphasized that the dark matter 
ontentof HVCs is very 
ontroversial [173℄, and the 
onstraintsfrom the Smith Cloud strongly depend on the darkmatter pro�le. Indeed, the limits degrade by a fa
-tor 40 when using a Burkert pro�le [174℄ rather than aNFW or Einasto pro�le [172℄.4.5. M31In mu
h the same way as the Milky Way, the An-dromeda or M31 galaxy, our 
losest spiral galaxy neigh-bor, is expe
ted to shine in gamma rays. The primarilyemission is due to its gas and 
osmi
-ray 
ontent; these
omponents provide a ba
kground from whi
h a poten-tial dark matter signal must be disentangled. In 2010the Fermi-LAT 
ollaboration announ
ed the dete
tionof M31 using about two years of Pass 6 DIFFUSE-
lass(P6DIFFUSE_V3 irfs) data in a 10Æ � 10Æ squaredregion 
entered on M31 [175℄. Using a spatial tem-plate derived from the IRIS 100�m far infrared map[176℄, the spe
trum derived from a �t to the LAT datais 
onsistent with a res
aled spe
trum obtained by aGALPROP run to model the Milky Way gamma rayemissivity [177℄. Thus the LAT dete
tion of M31 is
ompatible with star formation rates and gas 
ontent,and a 
onservative 95% CL upper limit on h�vi for a100 GeV WIMP in the b�b 
hannel is derived at about5 � 10�25 
m3�s�1, assuming a smooth Einasto densitypro�le derived from [178℄.The M31 analysis has sin
e been updated with a4.5 year Pass 7 dataset [179℄. These authors add a1275
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ludesa template for the emission from M31 due to its gas
ontent. This makes the resulting upper limit less 
on-servative but the analysis more sensitive. Under theassumption of a smooth halo, the 
ross-se
tion upperlimit is very similar, � 5 �10�25 
m3�s�1. More re
entlythere has also been the 
laim of an extendend ex
essattributed to a 
osmi
-ray halo [180℄.Finally, in the TeV energy range, early sear
hes havebeen performed with CELESTE [181℄, and HEGRA[182℄, without dete
tion and with un
ompetitive upperlimits derived.Figure 4 summarizes the status of the dark mattersear
hes with gamma rays in the Lo
al Group. Similarto the 
onstraints obtained from the Milky Way, this�gure 
learly indi
ates the 
omplementarity betweenFermi-LAT and IACT 
onstraints.4.6. Galaxy 
lusters and isotropi
 emission4.6.1. Galaxy 
lustersAs dis
ussed in Se
. 2.5, galaxy 
lusters are anti
i-pated to be gamma-ray sour
es. Using EGRET data,no dete
tion was reported in [183℄ for 58 
lusters se-le
ted from an x-ray-bright sample, resulting in an av-erage 95% CL �ux upper limit of � 6 � 10�9 
m�2�s�1above 100 MeV. Null dete
tions were also reportedabove 400 GeV in the dire
tion of the Perseus and Abell2029 
lusters with the Whipple teles
ope, using � 14and � 6 hours on sour
e, respe
tively [184℄. More re-
ent null results in sear
hes with ACTs in
lude [185�189℄. With an 18-month generi
 gamma-ray analysistoward 33 
lusters [190℄ that improved upon previousanalyses [183℄, the LAT 
ollaboration presented early
onstraints on a dark matter indu
ed gamma-ray signalin a subset of six 
lusters and for b�b and �+�� 
hannels[191℄. In the latter 
ase, the 
luster analysis 
on�rmedthe tension between the LAT e+e� spe
trum and ageneri
 leptophili
 dark matter s
enario that would aimto explain the Pamela positron ex
ess [192℄. The b�blimits also showed promise, espe
ially when a

ount-ing for expe
ted but unknown 
luster substru
tures.Fornax, the best target among the six 
lusters studiedin [191℄, was also observed by HESS with 14.5 hours anda threshold at 100 GeV [193; 194℄. The Veritas 
ollabo-ration also presented dark matter 
onstraints in [188℄,based on 18.6 hours of observations of the Coma 
lus-ter, also studied in [191℄.As updated gamma-ray 
onstraints have been re-
ently derived by the LAT 
ollaboration in [123℄, usinga 
ombined analysis akin to [165℄, it 
an be expe
ted

that a 
ombined dark matter analysis of all or a sub-set of the 
lusters 
onsidered in this paper will soon bepresented. For now, we 
an only rely on the prelim-inary 
ombined results obtained with 2 years of Pass6�V11 DIFFUSE data that were presented in [195℄. Inaddition to Coma and Fornax, this analysis used M49,Centaurus, and AWM 7. These re
ent results are illus-trated on Fig. 5. Finally, re
ent 
laims of an extendedemission toward the Virgo 
luster [196℄ have not been
on�rmed [197℄, emphasizing the importan
e of 
or-re
tly deriving the ba
kground model before drawing
on
lusions based on the Fermi-LAT data.4.6.2. Isotropi
 signalBeneath the 
onspi
uous Gala
ti
 di�use emissionand the 
onstellation of resolved gamma-ray sour
es,whi
h are mostly AGN, the gamma-ray sky harbors anisotropi
 signal, the isotropi
 gamma-ray ba
kground(IGRB) [198℄. This was �rst dete
ted already byEGRET [199℄, and re
ently determined with very goodpre
ision by the Fermi-LAT 
ollaboration from approx-imately 100 MeV�800 GeV [200℄. The IGRB 
ertainlyin
ludes unresolved 
ontributions from standard astro-physi
al sour
es, notably AGN. This emission may also
ontain the so-
alled �
osmologi
al� dark matter signal
oming from the summation of the dark-matter anni-hilation 
ontributions of all dark matter halos a
rossthe history of the universe. Approa
hes to �nd thissignal are based on the spe
trum of isotropi
 
om-ponent (see [91℄) or on a spatial signature exploitingthe fa
t that dark matter-indu
ed anisotropies in theemission should follow the square of the mass density,whereas 
onventional astrophysi
al sour
es should fol-low the dark matter density linearly, whi
h would re-veal itself in di�eren
es in the angular power spe
trum(see, e. g., [201℄). Following the �rst measurement ofthe EGB4) spe
trum with Fermi-LAT data [202℄, theLAT 
ollaboration has presented the limits obtainedfrom the spe
tral shape alone [203℄. These 
onstraintsare very model dependent in two ways. First, the haloand subhalo abundan
e has to be modeled as fun
tionof redshift, and se
ond, the 
ontribution of 
onventionalsour
es has to be modeled. In a situation with a poorlymodeled ba
kground a 
onservative way to pla
e model
onstraints is to assume that the entire dete
ted emis-sion is from the putative signal. With this approa
h,
onstraints are about two orders of magnitude abovethe thermal limits even under moderately optimisti
 as-4) Extragala
ti
 gamma-ray ba
kground: the sum of the IGRBand resolved LAT extragala
ti
 sour
es.1276
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Fig. 4. Comparison of 
onstraints on the velo
ity averaged annihilation 
ross se
tion (b�b 
hannel) versus WIMP mass de-rived from the LAT 
ombined analysis of 15 dwarf galaxies (assuming an NFW pro�le), 160-hour observations of Segue 1 byMAGIC [159℄, 48-hour observations of Segue 1 by VERITAS (assuming an Einasto pro�le) [161℄, and 112-hour observationsof the Gala
ti
 
enter by HESS, assuming an Einasto pro�le [149℄. In the interest of a dire
t 
omparison, we also show theLAT 
onstraints derived for Segue 1 alone assuming an Einasto dark matter pro�le 
onsistent with that used by VERITAS[161℄. For this res
aling, the J-fa
tor of Segue 1 is 
al
ulated over the LAT solid angle of �
 � 2:4 � 10�4 sr and yields ares
aled value of 1:7 � 1019 GeV2 � 
m�5� sr (un
ertainties on the J-fa
tor are negle
ted for 
omparison with VERITAS). ThePass 8 limits (in magenta, z) and related expe
ted-sensitivity bands are from [145℄. The green dashed 
urve (2 ) is from the5-dwarf 
ombined analysis of HESS data by [114℄. (Color online see arXiv:1503.06348v3[astro-ph.CO℄)sumptions on substru
ture properties [203℄. A properba
kground modeling would improve the 
onstraints bymaybe one to two orders of magnitude (see, e. g., [204℄).Thus, the publi
ation of an updated IGRB spe
trum bythe LAT 
ollaboration [205℄ 
omes in par with an up-
oming reassessment of the 
ontribution of astrophysi-
al sour
es, notably blazars [206℄, to the EGB budget.Together with an improved modeling of the dark mat-ter expe
ted signal [207℄, this e�ort leads to potentially
ompetitive limits, as shown on Fig. 5.Finally, anisotropies in the gamma-ray sky havebeen investigated in [208℄ and [209℄. Combining thespatial signal and spe
tral signals may enhan
e thedark matter sensitivity of these sear
hes [210℄ and
ombining isotropi
 emission measurements with othersour
es 
an help to break the degenera
y between sub-stru
ture boost and annihilation 
ross se
tion [211℄.Though employing anisotropy studies in IACTshave potential for very 
ompetitive 
onstraints [212℄,so far these analyses te
hniques have not been appliedto our knowledge. Systemati
s from the 
ombinationof several �elds of view might hamper the usefulness ofthis approa
h.

4.7. Sear
hes for spe
tral featuresDark matter lines were suggested as a smoking gunsignal almost thirty years ago [213℄. Experimentally(as pointed on in Se
. 3), line dete
tion 
an be estab-lished relatively independently from ba
kground mod-eling, and sour
e 
onfusion is unlikely. Therefore, in
ontrast to 
ontinuum sear
hes, the most promisingtarget is the Gala
ti
 
enter or its vi
inity. Constraintson line emission have been presented using EGRETdata [214; 215℄, Fermi-LAT data [125; 126; 216; 217℄,and H.E.S.S. data [218℄. A summary of the most rele-vant present upper limits on line emission is shown inFig. 6.[127℄ and [129℄ 
laimed dete
tion of a line emissionin Fermi-LAT data. Using an analysis te
hnique sim-ilar to [125℄, as des
ribed in Se
. 3, but with a dou-bling of the amount of data as well as an optimiza-tion of the region of interest for signal over square-root of ba
kground, [127℄ found a (trial 
orre
ted)3:2� signi�
ant ex
ess 
orresponding to a dark mat-ter mass of � 130 GeV. If interpreted as a signal,this would amount to a 
ross se
tion of about h�vi �1277
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Fig. 5. Constraints on the velo
ity averaged annihilation
ross se
tion versus WIMP mass from analyses in the di-re
tions of galaxy 
lusters, for an NFW pro�le and b�b
hannel. The light grey (red) and grey (blue) 
urves showthe 95% CL upper limits obtained with Fornax and Coma
lusters, respe
tively, and with Fermi-LAT (solid [191℄)and IACTs (dashed, [188; 194℄) instruments. The bla
k(
yan) dashed 
urve shows the 95% CL upper limits ob-tained with a 
ombined analysis of 5 
lusters [195℄. Thebla
k (
yan) solid line shows the upper limits derivedin [206℄ using the re
ent LAT EGB observations [205℄.The grey band shows the 
orresponding un
ertaintiesrising from modeling the expe
ted dark matter signal.(Color online see arXiv:1503.06348v3[astro-ph.CO℄)� 10�27 
m3�s�1. However, this analysis was basedon a mis-
alibrated data set, and the inferred posi-tion of the line feature 
hanges to � 133 GeV witha 
orre
tly-
alibrated sample. The 
laimed signal is
on
entrated on the Gala
ti
 
enter with a spatial dis-tribution 
onsistent with an Einasto pro�le [219℄. Thiswas marginally 
ompatible with the upper limit pre-sented in [126℄.In [128℄, about 3.7 years of Fermi-LAT data wereanalyzed, in
luding a 
areful study of systemati
 un-
ertainties and a dis
ussion of the alleged line fea-ture. Apart from using 
orre
t 
alibration, this anal-ysis also employed event-by-event re
onstru
tion qual-ity to improve the energy dispersion des
ription. Interms of the line feature this analysis also �nds anex
ess at 133 GeV, but the global signi�
an
e is es-timated to be only 1.5� when in
luding information onthe event-by-event energy re
onstru
tion.Sin
e the �rst report of a line-like feature, the main
hallenge to the 
laim that a line feature originatesfrom dark matter annihilation was the fa
t that an ex-
ess at the same position also appears in gamma rays

10–25

10–26

10–27

10–28

〈σ υ〉, cm3 ⋅ s–1

100 102 103 104

1

2

3

4

1 Fermi

mDM, GeV

10110–1

10–29

10–30

10–31

2 Fermi low E

3 H.E.S.S.

4 EGRET

Fig. 6. Upper limits on the velo
ity averaged annihila-tion 
ross se
tion into gamma-ray pairs versus WIMPmass, derived by several instruments in sear
hes for linefeatures. Blue (1 ) and yellow (2 ) lines show the limitsobtained with the Fermi-LAT in a �rst standard analy-sis [128℄ and in a dedi
ated low-energy follow-up [216℄,respe
tively. The red line (3 ) shows the limits obtainedby the HESS 
ollaboration [218℄. For referen
e, theEGRET limits are also shown [214℄. (Color online seearXiv:1503.06348v3[astro-ph.CO℄)observed from the Earth's limb. The signal there ap-pears after an appropriate zenith 
ut is applied thata

ounts for the fa
t that the Fermi-LAT is usually not�head-on� exposed to the Earth limb. Gamma rays inthe Earth limb are 
aused by 
osmi
-ray intera
tion inthe Earth atmosphere and their spe
trum is feature-less, thus providing a useful 
ontrol sample for spe
tralfeature sear
hes. While originally the limb signal wasobserved at similar signi�
an
e as the feature in theGala
ti
 
enter, the latest analysis of the Fermi-LATyields somewhat lower signi�
an
e. As the limb data
an be observed for di�erent event sele
tion 
riteria, it
an be used to 
alibrate the Monte Carlo-based esti-mate of the e�e
tive area. A feature might appear ifthe e�e
tive area is underestimated (or overestimated)in limited energy ranges, and indeed indi
ations are re-ported that the e�
ien
y is overestimated around theposition of the line [128℄. However, the e�e
t seems toosmall to explain the presen
e of the feature in the limbdata.As of the writing of this review, the origin of theline feature is not explained. However, its signi�
an
eat the Gala
ti
 
enter is de
reasing, as pointed outby [220℄. Should an instrumental origin of the signalbe ruled out (or results be in
on
lusive) independent
on�rmation will be ne
essary. The 
urrently opera-1278
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hes with gamma rays in the Fermi era : : :tional IACT HESS II may be sensitive enough to soonprovide su
h 
on�rmation [221℄. The Fermi-LAT 
ol-laboration has also presented a dedi
ated sear
h for linefeatures at energies between 100 MeV and 10 GeV [216℄.The analysis is parti
ularly instru
tive as the numberof expe
ted events in that energy range is large andsystemati
 un
ertainties start to dominate.5. PERSPECTIVES5.1. Future instrumentationWhile many gamma ray features identi�ed by Fermiare intriguing, and in addition the re
ent measurementsof the ele
tron and positron spe
tra by Pamela, ATIC,Fermi and AMS-02 are su�
iently intriguing to gener-ate a wealth of spe
ulations, they also emphasize theneed for improved energy resolution, position resolu-tion, and ba
kground reje
tion up to the TeV rangeand even beyond. In this se
tion, we dis
uss what fu-ture gamma-ray experiments will bring to the �eld ofindire
t dark matter dete
tion, and the improvementthat we 
an expe
t in our understanding of this �eldover the 
ourse of the next de
ade, and longer.5.1.1. Spa
e teles
opesOver the next several years, the CALET andDAMPE experiments are expe
ted to begin takingdata. The CALorimetri
 Ele
tron Teles
ope5), aJapan-led proje
t that involves Italian and Ameri
aninstitutes, is planned for laun
h in 2015 and will be in-stalled on the Japanese Experiment Module on boardthe International Spa
e Station. DAMPE (DArk Mat-ter Parti
le Explorer, formerly known as TANSUO)6),is one of the �ve satellite missions sele
ted by ChineseSPRPSS/CAS program, and is s
heduled for laun
hslightly later than CALET, in 2015�2016. Italy andSwitzerland take part in the DAMPE 
ollaboration.Both proje
ts feature a deep 
alorimeter to rea
h atotal of 30 to 33 radiation lengths, in order to pro-vide ex
ellent energy resolution (better than 3% above100 GeV) and ele
tron/proton separation (� 105 reje
-tion power) in the energy range of interest (1 GeV to10 TeV). Both instruments will have roughly 
ompa-rable performan
e, with a slightly larger ele
tron geo-metri
al fa
tor for DAMPE (0.3 m2�sr) than CALET(0.12 m2�sr). Further information on the status of5) http://
alet.phys.lsu.edu/index.php.6) http://dpn
.unige.
h/dampe/index.html.

ea
h proje
t 
an be found in re
ent 
onferen
e pro
eed-ings [222�224℄.On a longer time s
ale (2018 and beyond), two otherexperiments will probe the high-energy ele
tromagneti
sky: GAMMA-400 and HERD. GAMMA-4007) is aRussian-led satellite observatory, planned for laun
hin 2018�2019. Building upon the su

esses of Fermiand AGILE, it features a gamma-ray teles
ope rem-inis
ent of the LAT, supplemented with a Konus-FGgamma-ray burst monitor. The baseline design 
oversthe range from 100 MeV to 10 TeV and is optimized forbest performan
e around 100 GeV, where a very deepele
tromagneti
 
alorimeter (25 radiation lengths 
om-pared to � 8:5 for the LAT), asso
iated with a sili
onstrip tra
ker, will provide ex
ellent energy and angularresolutions at su
h energies (a fa
tor ten better angularresolution at 100 GeV than either DAMPE or CALET,and 
omparable energy resolution). Among the variousgamma ray and 
osmi
 ray s
ien
e topi
s, dark mattersear
hes, and espe
ially the hunt for gamma ray lines,are a prime fo
us of the s
ien
e 
ase [225; 226℄. Furtherinformation on the GAMMA-400 design and s
ien
e
ase 
an be found in [226; 227℄.The High Energy 
osmi
 Radiation Dete
tion(HERD) is an observatory planned for deploymenton board the future China spa
e station8). Designstudies are still at an early stage of development,though the two primary s
ien
e goals are alreadyde�ned as the sear
h for a dark matter signal andthe origin of Gala
ti
 
osmi
 rays. At this time, thismission is not in 
ompetition with any other Chineseproje
t. A re
ent development moved the baseline
on
ept 
loser to the GAMMA-400 design, with a mas-sive 3-dimensional 
alorimeter 
overed on �ve sides bytra
ker sili
on planes (more details 
an be found on these
ond HERD international 
ollaboration meeting, seehttp://indi
o.ihep.a
.
n/
onferen
eDisplay.py?
onfId=3808).Another experiment worth mentioning is PANGU[228℄. PANGU (the PAir-produ
tioN Gamma-rayUnit) is a small mission optimized for spe
tro-imaging,timing and polarization studies in gamma rays in thestill poorly explored energy band from 10 MeV to afew GeV. The present design is a pair 
onversion tele-s
ope with dete
tor resolution of about fa
tor 2 betterthan previous instruments and a pointing resolution ofa fa
tor 3 to 5 better than Fermi-LAT.While all the future spa
e experiments mentionedabove involve the high-energy regime, one should not7) http://gamma400.lebedev.ru/indexeng.html.8) http://english.ihep.
as.
n/rs/fs/sm/SM/SM_aboutherd/.1279
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e is still open for a darkmatter 
andidate in the MeV domain (often 
oinedsterile neutrino or LDM for Light Dark Matter, see,e. g., [229℄). This notoriously di�
ult energy regime isthe fo
us of 
urrent intense resear
h and developmente�orts geared toward the laun
h of a general-purposeastrophysi
al MeV spa
e observatory by 2025 (see forinstan
e the AstroMeV site http://astromev.in2p3.fr/).5.1.2. Ground teles
opesTwo future instruments are expe
ted to dominatethe lands
ape of ground instruments: CTA9) andHAWC10). CTA (Cherenkov Teles
ope Array) is thenext-generation IACT (see, e. g., [230; 231℄). The en-ergy range of this array is envisaged to be from a fewtens of GeV to hundreds of TeV and the sensitivity isexpe
ted to be improved by one order of magnituderelative to 
urrent IACTs. The angular and energy res-olution are expe
ted to lie between 0.1 (0.05) deg and25 (10)% at low (high) energies, respe
tively. Te
hno-logi
ally this energy range and sensitivity are a
hievedby 
ombining a large number of single IACTs of di�er-ent size. Currently, one of the baseline designs foreseesfour H.E.S.S. II size teles
opes (� 23 meter diameter),about 30 medium size teles
opes (� 12 meter diame-ter) and 30 to 70 small size teles
opes (� 7meter). TheUS part of the 
onsortium envisages to later extend thearray with a large (� 60) number of medium size tele-s
opes, with parti
ular view on high mass WIMPs (see,e. g., [232℄).HAWC (High Altitude Water Cherenkov, [233℄) is ase
ond generation 
osmi
 ray and gamma ray observa-tory that builds upon the su

essful water Cherenkovte
hnique pioneered by Milagro [97℄. HAWC is de-signed to 
ontinuously (� �24/7� duty-
y
le) surveyduring 10 years the 100 GeV to 100 TeV sky with a1.8 sr instantaneous �eld-of-view teles
ope 
onsistingof 300 water tanks, ea
h instrumented with 4 photo-multiplier tubes. HAWC is a joint Mexi
o�USA proje
tlo
ated at 4100 meters on the �anks of the Sierra Negravol
ano near Puebla, Mexi
o. It started s
ien
e oper-ation in August 2013 with about 100 tanks, and thefull array has very re
ently been 
ompleted. While theHAWC astrophysi
al s
ien
e 
ase is very strong thanksto its synopti
 surveying nature, it may also prove 
om-petitive for indire
t dark matter sear
hes for WIMPmasses larger than about 1 TeV.9) https://portal.
ta-observatory.org/Pages/Home.aspx.10) http://www.haw
-observatory.org/.

5.2. Until 2018Indire
t dete
tion of dark matter with gamma raysis entering a pivotal period. Up
oming instrumentswill rea
h sensitivities starting to probe into the mostrelevant parameter spa
e at least for the most generi
WIMP models. The Fermi-LAT will 
olle
t data un-til potentially beyond 2018 and with an updated eventsele
tion, known as �Pass 8� [234; 235℄. The most anti
-ipated results from the updated 
ombined dSph anal-ysis have been re
ently published [145℄, and 
on�rmthat the dSph 
onstraints are in mild tension with adark matter interpretation of the GeV ex
ess. Figure 7shows a simplisti
 fore
ast of the LAT 
ombined dSph
onstraints with 10 years of Pass 8 data and 3 moredSphs than 
urrently known. Su
h an in
rease in thenumber of dSphs is motivated by the anti
ipation ofnew ultra-faint dis
overies in the southern hemispherewith, for instan
e, surveys su
h as DES11) and LSST12).Indeed the DES 
ollaboration has 
ompleted its �rstyear of observations, and has � at the same time asother groups � re
ently announ
ed the dis
overy of8 potential new dSphs [236; 237℄13), supporting an op-timisti
 view of the �nal number of dSphs that willeventually be available to a gamma-ray analysis. As amatter of fa
t, the Fermi-LAT and DES 
ollaborationsreleased upper limits on these new 
andidates [239℄,showing the promise for gamma-ray indire
t sear
hesof future opti
al surveys in the southern hemisphere.Despite no signi�
ant ex
ess dete
ted by the Fermi-LAT analysis with Pass 8 data sele
tion, [240℄ 
laimeviden
e (based on a 2�3� ex
ess) using the less sen-sitive Pass 7 event sele
tion. To our knowledge, thevarious future experiments reviewed in Se
. 5.1.1 havenot shown sensitivity 
urves that 
ould be overlaid onFig. 7.For IACTs, 2012 showed the �rst light forH.E.S.S. II, and early results have been publishedre
ently. The addition of the �fth teles
ope will pushthe threshold down to about 50 GeV, with 
orre-sponding impa
t on derived dark matter 
onstraints.World-leading limits on WIMP annihilation 
an beexpe
ted from the Gala
ti
 
enter sear
h for massesabove about 800 GeV. Su
h a limit has been estimatedby [241℄, and is reported in Fig. 7 as well. H.E.S.S. IIwill also likely provide new insight into the issue of thepossible line emission dis
ussed in Se
. 4.7. Followinganother path, VERITAS aims to a

umulate a totalof 1000 hours on Segue 1 [242℄ until 2018, a program11) http://www.darkenergysurvey.org/.12) http://www.lsst.org/lsst/.13) See also the re
ent dis
overy by PanSTARRS [238℄.1280



ÆÝÒÔ, òîì 148, âûï. 6 (12), 2015 WIMP sear
hes with gamma rays in the Fermi era : : :
10–21

10–22

10–23

10–24

10–25

10–26

10–27

〈σ υ〉, cm3 ⋅ s–1

101 102 103 104

1

2

3

4

5

6

NFW Profile, bb channel
–

mDM, GeV

100 105

7

СTA 1310.7040

СTA 1408.4131

СTA 1502.05064

HAWC-300 1 year

LAT Pass 8 10 years 3xdwrfs

Veritas 2018

H.E.S.S. II

Fig. 7. Sele
tion of sensitivities to velo
ity averaged annihilation 
ross se
tion versus WIMP mass rea
hable with 
urrent orfuture experiments. The blue 
urve (1 ) is from a Gala
ti
 
enter analysis with CTA, from [246℄. The green (2 ) and bla
k(3 ) 
urves 
ome from similar analyses, but attempting to a

ount for the degradation of the limits due to un
ertaintiesin the Gala
ti
 di�use emission [248; 266℄. The red 
urve (4 ) 
orresponds to one-year of observation of Segue 1 with thefull HAWC instrument [243℄. The 
yan 
urve (5 ) shows the Fermi-LAT Pass 8 limits by 2018, a

ounting for more dwarfspheroidals, based on a preliminary analysis of 5 years of data. The magenta 
urve (6 ) shows the VERITAS expe
tationsfrom 1000 hours on Segue 1 [242℄, and the yellow 
urve (7 ) is an estimate by [241℄ of the limits H.E.S.S. II 
ould rea
h onthe Gala
ti
 
enter. (Color online see arXiv:1503.06348v3[astro-ph.CO℄)that may rival the H.E.S.S. II 
onstraints, as 
an alsobe seen in Fig. 7. Finally, the HAWC 
ollaborationpresented early results for su
h a sear
h in the dire
tionof Segue 1 with only 30 water tanks and 82.8 days ofobservation (HAWC-30), and proje
tion with the fullarray (HAWC-300) and one year of observation [243℄.Using a J-fa
tor of 7:7 � 1018GeV�2 � 
m�5 � sr theyobtain limits, shown on Fig. 7, that 
ould be
ome
ompetitive above 1 TeV, when taking into a

ountthat HAWC does not need to allo
ate dedi
ated time�on sour
e�, 
ontrary to imaging Cherenkov teles
opes(the latter do have a mu
h better angular and energyresolution, though). [244℄ re
ently investigated morethoroughly HAWC sensitivity to a dark matter signal,based on simulations.5.3. Beyond 2018: future satellites and CTAFuture satellite missions have been dis
ussed inSe
. 5.1.1. GAMMA-400/DAMPE will be mostly 
on-tributing to sear
hes for spe
tral features due to theirsuperior energy resolution. HERD will provide a sig-ni�
ant step forward with respe
t to Fermi-LAT alsoin terms of a

eptan
e. For a dSph 
ombined analysis,

assuming the number of dSphs to be 
onstant (whi
his a very 
onservative assumption), it seems that anex
lusion of the thermal WIMP 
ross se
tion shouldbe possible up to WIMP masses of about 1 TeV by2025. Detailed studies of the potential rea
h are how-ever not known to us. This is not the 
ase with CTA,for whi
h the sensitivity rea
h has been studied in sev-eral publi
ations, mostly fo
using on the Gala
ti
 
en-ter [232; 245�249℄. dSphs and other approa
hes havebeen studied in [245℄. Figure 7 presents the limits an-ti
ipated at the Gala
ti
 
enter from [246℄. The oneimportant 
aveat in interpreting the 
onstraints is of
ourse the systemati
s of the di�use emission. As CTAlowers the threshold to about 10 GeV, 
onstraints ob-tained from CTA will be prone to the same systemati
sas the Fermi-LAT Gala
ti
 
enter analysis. [248℄ pro-pose a quantitative dis
ussion of this issue, and derivean upper limit 
urve that attempts to in
lude su
h un-
ertainties, whi
h is reprodu
ed in Fig. 7.5.4. Progress on nuisan
e parametersAs emphasized throughout this arti
le, determina-tion of parti
le dark matter limits and extra
tion of a15 ÆÝÒÔ, âûï. 6 (12) 1281
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al systemati
s. These systemati
s in
lude mea-surements of dark matter distributions in the di�er-ent targets and measurements of the di�use gamma-rayba
kgrounds. In this subse
tion, we review the progressthat is expe
ted to be made with these systemati
s overthe next several years.5.4.1. dSph mass distributionsMu
h of this arti
le has emphasized the methods ofsetting limits on the dark matter annihilation 
ross se
-tion using dSphs. These limits are 
onstrained by thesystemati
 un
ertainties in the measurements of the J-fa
tors, or the dark matter mass distributions in thedSphs. In this analysis above, we highlighted how thissystemati
 un
ertainty is treated as a statisti
al un
er-tainty in the gamma-ray analysis.In the future, it is optimisti
 to expe
t that thissystemati
 un
ertainty in the J-fa
tor will be redu
ed.For the brightest, 
lassi
al dSphs, several thousands ofline-of-sight velo
ities have now been measured. Order-of-magnitude improvements on these results will re-quire 30-meter 
lass teles
opes14), whi
h are expe
tedto 
ome online within the next de
ade. These largersamples of resolved stars with kinemati
 informationwill 
ontinue to improve the measurements of their darkmatter distributions. A larger sample of line-of-sightvelo
ities will be important to further test the initialresults that have been obtained from multiple popula-tions of stars in a small number of dSphs.A larger sample of line-of-sight velo
ities is impor-tant be
ause forth
oming larger s
ale IACTs with angu-lar resolution . 0:1Æ will be very sensitive to the darkmatter distribution in the 
enter of the dSphs. Thisis the regime in whi
h the shape of the 
entral darkmatter pro�le begins to signi�
antly a�e
t the deter-minations of J-fa
tors [37; 57℄. In addition to the im-provement in the kinemati
s, it will also be importantto improve the photometri
 data in the 
enter of thedSphs. This is be
ause there is a signi�
ant degener-a
y between the 
entral density of the stellar pro�leand the 
entral density of the dark matter pro�le [44℄.In addition to the in
rease in the sample of line-of-sight velo
ities from known dSphs, new ultra-faintsatellites that will be dis
overed in future surveys willrequire kinemati
 follow up. It is intriguing to notethat a forth
oming survey, su
h as the DES or LSST,may dete
t an obje
t that is as massive and nearby14) http://www.gmto.org/, http://www.tmt.org/, http://www.eelt.org.uk/.

as Segue 1. Beyond measurements of line-of-sight ve-lo
ities, it will also be possible in the future to obtaintransverse velo
ities of bright stars in several dSphs.This will go a long way towards breaking the degener-a
y between the velo
ity anisotropy and the dark mat-ter mass pro�les. Adaptive opti
s systems on 30-meter
lass teles
opes may be suited for these measurements.5.4.2. Lo
al dark matter density distributionGaia, an astrometri
 mission laun
hed in 2013, willhave an astrometri
 a

ura
y of approximately 1 masand a photometri
 a

ura
y of 60 mmag for starsbrighter than 20th magnitude [250℄. Be
ause of theimprovement in the measurements of the phase spa
edistribution of lo
al stars, Gaia will by extension im-prove upon 
urrent measurements of the dark matterdistribution in the Milky Way [251℄, and espe
ially thelo
al dark matter density [252℄. Measurements alongthese lines will be espe
ially important for interpreta-tion of the annihilation 
ross se
tion limits from di�usegamma-ray measurements, in addition to its obviousimportan
e for lo
al dark matter sear
hes.5.4.3. Ba
kgroundsAs alluded to in Se
. 3.1, IACTs and spa
e borneinstruments su�er from quite distin
tive ba
kground.Until re
ently, the former 
ould rely on a small �eld ofview and steeply de
reasing gamma-ray di�use spe
trato model the ba
kground below any sour
e analysis asarising dominantly from an isotropi
 
harged 
osmi
-ray 
omponent. With the dete
tion of the Gala
ti
di�use emission by H.E.S.S. II [253℄, in the near futurethis may be no longer true, at least for analyses at lowGala
ti
 latitude.On the 
ontrary, 
osmi
-ray 
harged ba
kground ise�e
tively reje
ted by an instrument like the LAT, andplays a potential role only at very high latitude, wherethe isotropi
 
omponent of a standard LAT sky modelmay dominate15), or for analyses related to the extra-gala
ti
 gamma-ray ba
kground, espe
ially at low en-ergy (see Se
. 4.6.2). On the other hand, the gamma-ray sky as seen by the LAT is extremely 
omplex, andits imperfe
t angular resolution often demands a modelover a mu
h larger fra
tion of the sky than the imme-diate vi
inity of a sour
e of interest.15) This isotropi
 
omponent is thus derived by theLAT 
ollaboration for major event 
lasses, and distributedat the FSSC: http://fermi.gsf
.nasa.gov/ss
/data/a

ess/lat/Ba
kgroundModels.html.1282
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hes with gamma rays in the Fermi era : : :While unmodeled sour
es above threshold 
an seri-ously alter the results of a dark matter sear
h [82℄ andunresolved sour
es 
an bias its signi�
an
e, the mostdi�
ult 
omponent to a

ount for remains the Gala
-ti
 di�use ba
kground. The un
ertainties that enterits derivation are mentioned in Se
. 3.4 and detailed inthe review on indire
t sear
hes by [254℄. The e�e
t onLAT all-sky residuals of variations in some of the 
om-ponents that de�ne the model has been studied in [112℄,while a Bayesian investigation of the posterior proba-bility distribution of 
osmi
-ray-related parameters isthe subje
t of [113℄. Whether predi
ted with ab initiopropagation 
odes like GALPROP or estimated withtemplate �tting pro
edures as for the standard di�usemodel of the LAT 
ollaboration, Gala
ti
 di�use mod-els always leave residuals that need dedi
ated treat-ment. Nevertheless, these residuals are su�
iently lowon average to guarantee that a nominal di�use model isuseful for the large majority of LAT analyses. What re-mains very di�
ult to a
hieve is proper propagation ofun
ertainties, whi
h often result from an ad ho
 study,as in the EGB determination [205℄, the 
onstru
tion ofa 
atalog of supernova remnants [255℄, or the extra
-tion of upper limits on a dark matter signal from theEGB [206; 207; 256℄. In the future, new insight may
ome from next-generation propagation 
odes, like PI-CARD [257℄, or new 
osmi
-ray data, notably fromAMS-0216). Also improved 
onstraints are expe
ted onthe interstellar radiation �eld, a 
riti
al ingredient tothe determination of the large-s
ale inverse Comptonemission of the Galaxy, 
oupled to further investiga-tions on statisti
al ways to properly a

ount for theseun
ertainties. 5.5. Beyond 2024Beyond the next generation satellite experiments(DAMPE, HERD, GAMMA-400, PANGU, et
.) andCTA, we are not aware of 
on
rete proposals for nextto next generation gamma-ray teles
opes for dark mat-ter dete
tion. Indeed, the question 
an be asked if a�Super-CTA� or �Dark Matter Array,� is possible. Thiswas for example proposed in [258℄, where CTA's sen-sitivity was improved by a fa
tor 10 as a �Gedanken-experiment.� In many ways, CTA will be the ultimateindire
t dete
tion experiment. Progress signi�
antlybelow the thermal 
ross se
tion is hampered by the ir-redu
ible ele
tron ba
kground and the systemati
 un-
ertainties in the knowledge of the a

eptan
e.

6. CONCLUSIONSIn this arti
le we have reviewed the methods thatare utilized to sear
h for gamma rays from dark mat-ter annihilation, dis
ussed the 
hallenges in extra
tingthe signal, and reviewed the results that have been ob-tained by di�erent experiments. We have in parti
ularfo
used on the great deal of progress over the past fewyears that has resulted from the analyses of Fermi-LATdata. Without question, during the 
ourse of its over 6year mission lifetime, the Fermi-LAT has been a phe-nomenal su

ess, breaking new ground in indire
t darkmatter sear
hes and far ex
eeding the prelaun
h pro-je
tions for its rea
h [259℄. Analysis of several systems,most notably dwarf spheroidals, are now providing ro-bust upper limits on WIMPs in the mass range � 10�100 GeV, ruling out velo
ity independent annihilation
ross se
tions near the 
osmologi
ally-motivated ther-mal reli
 
ross se
tion s
ale of h�vi � 3 �10�26 
m3�s�1.Analysis of Fermi-LAT data has not, however, beenwithout 
ontroversy. After over 6 and a half yearsof s
ien
e operations, probably the biggest debate re-volves around the analysis of data from the innerGalaxy, in parti
ular the nature of the possible ex-tended emission observed at a few GeV. When inter-preting this emission as due to dark matter, at presentit is possible to �t this extended ex
ess to a wide rangeof WIMP masses, 
ross se
tions, and annihilation 
han-nels [260℄. Given this wide range of models that seem-ingly work to �t this emission, as well as the un
ertain-ties in Milky Way dark matter distribution and astro-physi
al sour
es of gamma rays in the Gala
ti
 
enter,it is 
lear that establishing this result as due to darkmatter will require a 
on�rmation from other sour
es.The dwarf spheroidals will provide an espe
ially impor-tant 
on�rmation, and indeed the 
urrent limits fromdwarf spheroidals are able to rule out regions of param-eter spa
e that explain the extended emission.Even after over six years of tremendously su

ess-ful data taking, there is still mu
h to be gained fromfuture Fermi-LAT data. WIMPs with mass in therange 10�100 GeV with velo
ity-independent annihila-tion 
ross se
tions are now strongly ruled out by dwarfspheroidal analysis. WIMPs with mass greater thanabout 100 GeV have been more di�
ult to 
onstrainbe
ause of the photon 
ounting statisti
s above about afew GeV. In this regime the improvement in sensitivitywill s
ale linearly with time. Forth
oming Fermi-LATdata will thus prove vital in extending WIMP limitsto this higher mass regime. IACTs main target is the16) http://www.ams02.org/. 1283 15*
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ti
 
enter and analyses here might be systemati
slimited at masses below 1 TeV, and thus LAT data witha 10 year exposure will be 
ompetitive up to a WIMPmass of about 1 TeV.Over the entire dete
ted energy regime, we haverepeatedly seen that potential dark matter signals inthe Fermi-LAT data have been 
ompromised by unre-solved point sour
es that are near the threshold limitfor point sour
e dete
tion. Be
ause of the foregroundmodel, there is a �ux threshold below whi
h it will notbe possible to identify individual point sour
es, as pointsour
es below this threshold 
ontribute to the di�useforeground. Future Fermi-LAT data will be importantfor better identifying faint point sour
es, and therebyunderstanding their 
ontribution to the di�use Gala
ti
model.Turning to IACTs, as already mentioned the massrange above a few TeV will be 
overed robustly andwith unrivaled sensitivity by CTA. This will be espe-
ially important if the LHC sear
hes do not �nd hints ofnew physi
s, thereby pushing potential WIMP massesto above 500 GeV to 1 TeV.Taking an even bigger step ba
k, in order to verifyany signal that is obtained from indire
t dete
tion ex-periments, it will be 
ru
ial to examine the signal inthe 
ontext of other dark matter sear
hes, in parti
ularthose from dire
t dete
tion and 
olliders. While the de-tailed dis
ussion of results of dire
t sear
hes [261℄ anda

elerator sear
hes [262℄ � as well as other indire
tprobes � is beyond the s
ope of this arti
le, it is im-portant to ultimately emphasize the 
omplementarityof the di�erent methods.Though a 
omparison between the sensitivities ofthe di�erent methods is inherently model dependent,we 
an highlight it in two di�erent theoreti
al set-ups.For example in minimal supersymmetry, there is lit-tle 
orrelation between s
attering 
ross se
tion and an-nihilation 
ross se
tion [6℄. Dire
t dete
tion sear
hesare seen to 
onstrain the model spa
e approximatelyorthogonal to indire
t dete
tion by gamma rays. Ex-tending beyond dire
t and indire
t sear
hes, 
olliderdete
tion and subsequent measurements of the sparti-
le mass spe
trum and splittings of a supersymmetri
model providing dark matter might be used to 
al
ulateannihilation 
ross se
tions and reli
 density [263℄. Inthe framework of phenomenologi
al minimal supersym-metry, however, it is quite 
on
eivable that only aftera 
ombination with indire
t dete
tion experiments thesolution providing dark matter 
an be identi�ed [264℄.
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