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Abstract. Direct observations of cosmic photon spectra from neutralino annihilation at energies above EGRET data might
reveal the presence of weakly interacting massive particle (WIMP) dark matter in the Universe.
Calculations of the rates for the continuum γ channel and γ-ray line are reviewed. Both the continuum γ-ray spectrum and
the γ-ray line arising from neutralino annihilation are studied. Flux estimates are inherently model-dependent; they suffer from
uncertainties due to the large allowed ranges in supersymmetrical parameter-space and from a variety of astrophysical models
of the dark matter halo profiles. Our analysis allows detection predictions for orbital and ground-based experiments. As an
application, we investigate the number of signal events expected to be detected in an orbital experiment (AMS-02) and we
make a comparison with atmospheric Cerenkov telescopes.
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1. Introduction

Evidence showing the need for some form of non-luminous but
gravitationally influential matter exists on many scales, rang-
ing from galaxies to superclusters of galaxies up to the Gpc
scale (see for instance, Hagiwara et al. 2002). On the smallest
scale (�kpc) robust evidence for dark matter (DM) comes from
the rotation curves of spiral galaxies, while on cluster and su-
percluster scales (multi Mpc) compelling evidence arises from
gravitational lensing. However, the evidence on the Galactic
scale does not permit any inferences about the nature (bary-
onic or non baryonic) of the DM. On cosmological scales, the
cosmic microwave background radiation (CMB) anisotropies,
obtained first by COBE and recently by the WMAP satellite
shed light on the nature of DM. The favored scenario is a flat
cold dark matter Λ dominated Universe (Λ-CDM cosmology)
with ΩΛ � 0.73, Ωbaryons � 0.044, Ωluminous � 0.0035 and
Ωmatter � 0.27, indicating that the bulk of matter is dark and is
mainly non-baryonic (Spergel et al. 2003; Bennet et al. 2003).
The information which we have at present suggests that the
bulk of DM particles are stable, cold and weakly interacting.
These considerations point to the neutralino χ as a promis-
ing DM candidate. It is the lightest particle predicted in the
supersymmetric theories with the conservation of the R par-
ity satisfying the previous requirements (Jungman et al. 1996;
Ellis 1999).

� Dipartimento di Fisica “Enrico Fermi”, Gruppo di Ricerca in
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2. Gamma-ray signals

Among the variety of channels for neutralino annihilation, we
will concentrate here on a possible indirect signature of dark
matter through the production of γ-rays. The photon energy
distribution has two types of contributions: resonant line and
continuum. The line channel results from direct annihilation
χχ → γγ and χχ → Zγ. Since the neutralino velocities in
the halo are of the order of 10−3 c, the annihilation can be
considered to occur at rest and the line width is narrow (order
∆Eγ/Eγ � 10−3). The position of the resonant line for this pro-
cesse is Eγ = mχ for the γγ channel and Eγ = mχ − m2

Z/4mχ for
the Zγ channel (c = 1); the energies of the two lines coincide
for high values of mχ. The energy of the photon for Zγ line
vanishes as mχ tends to mZ/2. The continuum contribution is
due mainly to the decay of secondary π0 mesons. In contrast to
the characteristic signature arising from the line processes, the
lack of any distinguishing feature in the continuum spectrum
makes it difficult to discriminate it among other possible γ-ray
sources. However, this mechanism produces a larger number
of photons than the resonant case. Tasitsiomi & Olinto (2002)
show that the continuum photon spectrum can be calculated
from the π0 spectrum:

dNπ0

dxπ
� 5

16
x−3/2
π (1 − xπ)

2, (1)

with xπ = Eπ0/mχ. The continuum photon spectrum can be
written as:

dNcont

dxγ
�

∫ 1

xγ

2
xπ

dNπ0

dxπ
dxπ (2)

with xγ = Eγ/mχ.
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The γ-ray intensity from neutralino annihilation is:

Iγ(ξ) =
Nγ〈σv〉
4πm2

χ

∫ ∞

0
ρ2
χ(L) dL(ξ) cm−2 s−1 sr−1, (3)

where ξ is the angle between the direction of the Galactic
Center and the line of observation, ρχ is the halo dark mat-
ter density at distance L along the line of sight, 〈σv〉 is the
thermally average product of the cross section times the rela-
tive velocity, related to supersymmetrical models (hereafter, for
simplicity, we will refer to 〈σv〉 as the cross section), and Nγ

is the number of photons created per annihilation. In the case
of χχ → γγ and χχ → Zγ the values of Nγ are, respectively,
Nγ = 2 and Nγ = 1. For the continuum Nγ is the number of pho-
tons integrated above the detection threshold Eth. With the π0

spectrum in Eq. (1), integrating Eq. (2), we obtain:

Nγ (E ≥ Eth) =
∫ 1

xth

dNγ

dxγ
dxγ

=
5
6

x3/2
th −

10
3

xth + 5x1/2
th +

5
6

x−1/2
th − 10

3
, (4)

where xth = Eth/mχ. The intensity of Eq. (3) can be written as
the product of one part, S , depending on the SUSY parameters
and decay model, and one part related to a specific astrophysi-
cal model of the halo dark matter profile:

Iγ(ξ) = S
ρ2

0R0

4π
J(ξ) cm−2 s−1 sr−1, (5)

where:

S =
Nγ〈σv〉

m2
χ

cm3 s−1 GeV−2, (6)

and J(ξ) is a dimensionless function (e.g. Bergstrom et al.
2001):

J(ξ) ≡
∫ ∞

0

ρ2
χ

R0 ρ
2
0

dL(ξ), (7)

where R0 is the solar Galactocentric distance and ρ0 is the solar
neighborhood dark matter halo mass density.

3. Dark matter halo profiles

In CDM cosmologies dark matter halos form hierarchically;
smaller halos form first from initial density fluctuations and
they merge to become larger halos (Fukushige & Makino
2000). Various N-body simulations of hierarchical CDM clus-
tering have been performed in recent years (e.g. Steinmetz &
Navarro 2002).

The general parametrization of spherically symmetric dark
matter halo profiles is given by:

ρ(r) = ρa

( r
a

)−γ [
1 +

( r
a

)α] γ−βα
(8)

where a is the scale radius, r is the distance from the Galactic
Center (Zhao 1996; Kravtsov et al. 1997). The relationship be-
tween the distance L along the line of sight, the distance from
the Galactic Center r, the viewing angle ξ and R0 is given by:

r2 = L2 + R2
0 − 2LR0 cos ξ.

Table 1. Dark matter halo profiles. The parameters are taken from
Dehnen & Binney (1998) and Bergstrom et al. (1998).

Model (α, β, γ) R0 a ρa ρ0

(kpc) (kpc) (M	/pc3) (GeV/cm3)
NFW 1, 3, 1 8.0 21.8 0.006159 0.34
D&B 2d
NFW 1, 3, 1 8.0 5.236 0.1101 0.43
D&B 4d
Moore 1.5, 3, 1.5 8.5 33.2 0.001640 0.4
S p 2, 2, 0 8.5 4.0 0.04555 0.3
Kb 2, 3, 0.4 8.5 12.0 0.01627 0.4

Navarro, Frenk and White (hereafter NFW) (Navarro et al.
1996) performed N-body simulation of halo formation and
found that the profile of dark matter halos can be fitted by the
universal form:

ρ(r) =
ρa

r
a

[
1 + ( r

a )2
] , (9)

i.e. they obtained a cuspy profile, characterized by (α,
β, γ)= (1, 3, 1). They also found that the profile is indepen-
dent of the halo mass, the initial density fluctuation spectrum,
and the values of the cosmological parameters. A coreless pro-
file with a mild singularity toward the Galactic Center with
γ � 0.2−0.4 was proposed by Kravtsov et al. (1997). Both re-
sults disagree with the modified isothermal distribution, (α, β,
γ)= (2, 2, 0) (hereafter S p profile), which is nonsingular with
a core radius of �a constant for r 
 a, and falls off as r−2 for
r � a. Recently, Moore et al. (1999, 2000) performed simu-
lations with >∼106 particles and found that halos have a cusp
that is steeper than the NFW profile; they proposed a universal
modified profile (α, β, γ)= (1.5, 3, 1.5). Jing & Suto (2000) per-
formed a series of N-body simulations and concluded instead
that the power of the cusp depends on mass, varying from –1.5
for a galaxy-mass halo, to –1.1 for a cluster-mass halo.

Turning to the Milky Way, although the orbital motions
of the satellites of the Galaxy indicate the presence of a non-
luminous matter component, it is not possible at present to dis-
criminate between the different radial dark matter halo profiles
reported in the literature. In fact, the mass distribution of the
Galaxy and the relative importance of its various components
(bulge, disk and halo) are not well constrained by the available
observational data (Dehnen & Binney 1998).

It is worth noting that even within a specific halo profile, the
predicted γ flux depends on three parameters: the normaliza-
tion constant of the halo profile (chosen as the value of the halo
density ρ0 at our Galactocentric distance R0), the length scale a,
and R0. After choosing the functional form for the halo profile,
it is possible to determine the allowed regions in the parameter
space. An extensive analysis can be found in Bergstrom et al.
(1998). We will concentrate our analysis on the halo profiles
listed in Table 1, where (α, β, γ), a (kpc), ρa, are the parameters
in Eq. (8).
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Fig. 1. Function J(ξ) as defined in Eq. (7) for the halo profiles NFW
(D&B 2d), NFW (D&B 4d), Moore et al. in Table 1.

4. Rate estimates

To derive a flux for a specific angular acceptance, we integrate
Eq. (5) over ∆Ω, obtaining:

Fγ(ξ;∆Ω) = S
ρ2

0R0

4π

∫
∆Ω

J(ξ) dΩ cm−2 s−1. (10)

The photon flux from neutralino annihilation in the Galactic
halo strongly depends on the neutralino radial distribution;
since the intensity is proportional to ρ2

χ (see Eq. (3)) any en-
hancement of the density results in a sharp increase in the pho-
ton flux. Such enhancement is provided by dark matter halo
profiles that are peaked toward the Galactic Center, such as the
Moore et al. profile.

To obtain an idea of the uncertainties for the γ-production
as a function of ρ(r), Fig. 1 shows the integral of the squared
dark matter halo density along the line of sight, i.e. the depen-
dence of J(ξ) vs. the angle ξ. Figures 2 and 3 show the depen-
dence of the integration of this quantity over the solid angle
∆Ω around the Galactic Center, i.e. J(ξ;∆Ω) ≡ ∫

∆Ω
J(ξ) dΩ

as a function of ∆Ω. The function J(ξ) is highly variable at
small ξ, especially for the cuspy profiles such as Moore’s.

The integral J(ξ;∆Ω) was calculated with an adaptive
Monte Carlo technique, using the MISER algorithm (Press &
Farrar 1990) with a sufficient number of points to achieve a pre-
cision of 0.1% or better. The density profiles are valid to within
0.01 pc of the core of Sgr A∗, a black hole with M � 3×106 M	
(Schoedel et al. 2004).

5. The gamma background

To evaluate the neutralino signature in the gamma spectrum,
the irreducible γ background, consisting of galactic and extra-
galactic components, must be estimated.

After removing the contribution from resolved point
sources and the Galactic diffuse emission, the isotropic extra-
galactic emission is well described by a power law photon spec-
trum (Sreekumar et al. 1998):

dNextragal

dE
= k

( E
0.451 GeV

)−β
cm−2 s−1 sr−1 GeV−1, (11)
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Fig. 2.
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J(ξ) dΩ as a function of ∆Ω for halo profiles NFW
(D&B 2d), NFW (D&B 4d) and Moore et al. in Table 1.
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Fig. 3.
∫
∆Ω

J(ξ) dΩ as a function of ∆Ω for halo profiles S p and Kb, in
Table 1.

where k = (7.32 ± 0.34) × 10−6 and β = (2.10 ± 0.03). The
Galactic γ background is mainly due to protons and electrons
from cosmic rays that interact with the interstellar medium. The
dominant component of the γ-ray spectrum above 1 GeV is due
to π0 decay, the γ-ray spectral index of which asymptotically
approaches the cosmic ray spectral index. The spatial distribu-
tion of the diffuse emission has been determined after remov-
ing the contribution from point sources detected with greater
than 5σ significance (Hunter et al. 1997).

For the diffuse γ-ray emission we assume a power law in
energy in the form:

dNbg

dEγ
(Eγ, l, b) = N0(l, b)

(
Eγ

1 GeV

)−α
cm−2 s−1 sr−1 GeV−1, (12)

where l is the galactic longitude (−180◦ ≤ l ≤ 180◦), b is the
galactic latitude (−90◦ ≤ b ≤ 90◦). N0(l, b) is strongly depen-
dent on the sky position. We refer here to Hunter et al. (1997)
who show (their Fig. 5) that the deconvolved average Galactic
Center flux (355◦ ≤ l ≤ 5◦ and −2◦ ≤ b ≤ 2◦) at 1 GeV is
N0(0, 0) � 120 × 10−6 GeV−1 cm−2 sr−1 s−1. We assume this
value and we adopt α = 2.7. The assumed α is supported by
the preliminary Milagro results for the inner Galaxy; in this
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Fig. 4. The minimum detectable 〈σv〉 (cm3 s−1) versus mχ for Moore
et al. profile and NFW (D&B 4d), NFW (D&B 2d) profiles. Dots:
allowed SUSY models. Curves: 5σ detection level for ε (3 yr) =
216 cm2 yr, Eth = 8 GeV, ∆Ω = 1 msr around the Galactic Center.
Only SUSY models that lie above the corresponding curve yield a
detectable signal. A colour version of this plot is available on-line.

Table 2. The ranges of parameters values used in the scans of SUSY
parameter space.

µ M2 tan β mA m0 Ab/m0 At/m0

GeV GeV 1 GeV GeV 1 1
–50 000 –50 000 3.0 0 100 –3 –3
+50 000 +50 000 60.0 10 000 30 000 +3 +3

region a differential spectral index of 2.63 ± 0.08 and an inte-
gral flux F(>1 TeV) = (8.0 ± 3.3) × 10−10 cm−1 sr−1 s−1 are
obtained (Fleysher 2003).

6. The gamma continuum

We work in the frame of Minimal Supersymmetric extension
of the Standard Model (MSSM). The MSSM has more than a
hundred free parameters, but it is a common recipe to introduce
some simplifying assumptions that leave only 7 parameters: the
higgsino mass parameter µ, the gaugino mass parameter M2,
the ratio of the Higgs vacuum expectation values tan β, the mass
of the CP-odd Higgs boson mA, the scalar mass parameter m0,
and the trilinear soft SUSY-breaking parameters At and Ab for
the third generation quarks (for more details see, for instance,
Bergstrom et al. 2001).

Using the computer code DarkSUSY (Gondolo et al. 2002),
the parameter space has been sampled and Fig. 4 gives an
idea of the wide boundaries of the allowed SUSY parameters.
The limits for the seven MSSM parameters given in Table 2
(Tasitsiomi & Olinto 2002) were assumed. Each model plot-
ted in Fig. 4 and in the following figures has been checked to
see if it is excluded by the constraints due to measurements at
accelerators, in particular by LEP bounds. For each model con-
sistent with the accelerator constraints, the neutralino relic den-
sity Ωχh2 has been calculated by the code (Edsjo & Gondolo
1997). Basing on cosmological constraints, the range 0.025 <
Ωχh2 < 0.2 is adopted. The lower limit in the inequality is
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Fig. 5. The S factor (cm3 s−1 GeV−2) versus mχ for Moore et al. pro-
file and NFW (D&B 4d), NFW (D&B 2d) profiles. Dots: allowed
SUSY models. Red dots: SUSY models satisfying WMAP cosmolog-
ical constraint 0.094 < Ωχh2 < 0.129. Lines: 5σ detection level for
ε (3 yr)= 216 cm2 yr, Eth = 8 GeV, ∆Ω = 1 msr around the Galactic
Center. Only SUSY models that lie above the corresponding line yield
a detectable signal. A colour version of this plot is available on-line.

chosen by requiring that neutralinos are at least as abundant
as necessary to make the dark halos of galaxies, even if this is
somewhat arbitrary since there may be several different com-
ponents of non-baryonic contributors to dark matter. The up-
per bound is chosen by taking into account the recent SN Ia
observation (Riess et al. 1998; Perlmutter et al. 1999). About
8000 models satisfying all the above constraints have been plot-
ted in Fig. 4.

This analysis is based on 25 random samples over the pa-
rameter space. Some of them are broad samplings in the param-
eters, others use more specific portions of the parameter space.
The structures that can be seen in Figs. 4 and 5 and following,
are mainly caused by the way the supersymmetric parameter
space has been sampled.

The minimum detectable γ-ray flux is fixed here at the
5σ level:

NS√
NB
≥ 5, (13)

where NS are the signal counts of a detector and NB the
background counts.Using this criterion we can constrain the
SUSY parameter space. In Figs. 4 and 5 – in addition to
the unknown neutralino parameters, 〈σv〉 and mχ – we con-
sider the profile uncertainties by using the three density profiles
NFW (D&B 2d), NFW (D&B 4d) and Moore et al. in Table 1.
In these plots, the constraints on the neutralino parameter space
are set as follows. The background counts are:

NB(E ≥ Eth) =

[∫
∆Ω

dNB

dΩ
(E ≥ Eth) dΩ

]
ε, (14)

where dNB
dΩ is given, in the case of irreducible γ background,

by the expressions in Eqs. (12) and (11) integrated above the
energy threshold of the detector, and ∆Ω and ε (cm2 yr) are,
respectively, the angular resolution and the exposure (aperture
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and orientation weighted time on source) of the detector. The
signal counts NS are given by

Ns = Fγ(ξ;∆Ω) ε. (15)

Equation (15) contains the yield Nγ, i.e. the number of γ-rays
emitted per annihilation (Eq. (3)).

Substituting Eq. (15) for NS and Eq. (14) for NB in Eq. (13)
and solving the resulting inequality with respect to 〈σv〉, we
obtain:

〈σv〉 ≥ f

(
J, ε, Eth,

dNB

dΩ
,∆Ω, n

)
m2
χ/Nγ(mχ). (16)

Given a set of ε, Eth,
dNB
dΩ ,∆Ω, the detection level is obtained

when 〈σv〉 is greater than a value depending on mχ and J(ξ).
The condition in Eq. (16) is drawn in Fig. 4, where we assume
ε(3 yr) = 216 cm2 yr, Eth = 8 GeV, ∆Ω = 1 msr around the
Galactic Center. This set of values is referred to the features of
the orbital experiment AMS-02, described in Sect. 8, but the
procedure can be easily adapted for a different apparatus (both
orbital and ground based experiments).

The parameter space divides into two regions: the one that
can be detected according to Eq. (16) is above the line. Note
that for the Moore et al. profile the region of parameter space
that can be explored is quite wide, for the NFW 4d profile the
allowed space is reduced by a factor of ≈5 and for the NFW 2d
profile the situation is even worse. Lowering the threshold en-
ergy, increases Nγ (Eq. (4)). From inequality Eq. (16), it fol-
lows that a wider region of SUSY parameter space can be
explored.

In Fig. 4, the values of Nγ used to draw the exclusion curves
are calculated from Eq. (4), which takes into account only the
mass of neutralino and not its state (the gaugino/higgsino per-
centages). A more accurate exclusion plot can be obtained con-
sidering the quantity S defined in Eq. (6); instead of inequality
Eq. (16) we obtain:

S ≥ f

(
J, ε, Eth,

dNB

dΩ
,∆Ω, n

)
. (17)

For the SUSY models plotted in Fig. 4, the corresponding
S factors are shown in Fig. 5. These S values, that include the
calculation of Nγ (see Eq. (6)), are computed using DarkSUSY,
that takes into account the state of the neutralino. The horizon-
tal lines of Fig. 5 arise using Moore et al. and NFW (D&B 4d),
NFW (D&B 2d) profiles. In Fig. 5 the red dots represent the
models (about 1000 among the 8000 calculated) satisfying the
cosmological constraints from WMAP. The WMAP first year
data (Bennett et al. 2003; Spergel et al. 2003) confirm with
great accuracy the standard cosmological model and constrain
the density of cold dark matter to the range 0.094 < Ωχh2 <
0.129, a range consistent with that inferred from earlier ob-
servations of MAXIMA-1, Boomerang and DASI (Lee et al.
2001; Netterfield et al. 2002; Pryke et al. 2002). From Fig. 5
we can note that the WMAP cosmological constraints define
an almost horizontal strip for a wide range of masses, from
mχ � 100 GeV until to mχ � 600 GeV. The selection of this
restricted zone leaves almost unaltered the detection possibil-
ities of neutralino dark matter particles if they are distributed

following a Moore et al. profile. Instead the situation worsens
considering the NFW 4d profile that, at the fixed 5σ detec-
tion level, allows the investigation of neutralinos with masses
mχ <∼ 300 GeV. Finally, if neutralino dark matter particles
follows a NFW 2d profile, there is no hope detecting them
with AMS-02 or similar instruments.

7. The gamma line channel

To investigate the detection efficiency for the line channel sig-
nature, the expected γ-ray counts in the operation time of the
detector as a function of the solid angle Ω must be computed
for any dark matter halo profile (see Eq. (15)). Given a detec-
tor resolution, an acceptance window corresponding to the re-
quired detection level and centered on the neutralino mass mχ

has to be considered. In this energy window the irreducible
Galactic (Eq. (12)) and extragalactic (Eq. (11)) γ backgrounds
must be calculated. The galactic background under the signal
line at E0 = mχ, i.e. in the range [E0 − ∆E, E0 + ∆E], is given
by integrating Eqs. (12):

Nint
0 =

∫
∆Ω

N0(l, b) dΩ,

Nbg =
Nint

0

α − 1
E1−α

0 η(∆E/E, α) cm−2 s−1, (18)

where:

η(∆E/E, α) =
[
(1 − ∆E/E)1−α − (1 + ∆E/E)1−α] .

An application of this criterion is given in Sect. 8.3 for the or-
bital experiment AMS-02.

8. Detection prediction for an orbital experiment

As an example of an orbital experiment, we examine the detec-
tion prediction in the case of the Alpha Magnetic Spectrometer
(AMS, Alpat 2001), an assembly of several detectors among
which is an electromagnetic calorimeter. It will be installed on
International Space Station (ISS) for a period of 3 years, op-
erating in a range of energies from few GeV–1 TeV. It can in-
vestigate local DM evidence; among its goals is the search for
an indirect signature of neutralino via the gamma ray channels.
This experiment is able to detect photons with two complemen-
tary methods: the single photon mode and the conversion mode.
The single photon mode consists of the detection of photons
that impinge on the electromagnetic calorimeter without inter-
acting with the other detectors; the calorimeter, equipped with
a stand-alone trigger, can be used to identify and measure these
photons. The conversion mode consists in the identification and
reconstruction of e+e− pairs originating from γ−conversion in
the material upstream from the first silicon tracker layer. This
analysis is performed for photons arriving without conversion
on the calorimeter surface: they amount to about 70% of total
number of photons impinging on the AMS-02. A more exten-
sive analysis can be found in Valle (2003).
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8.1. Instrumental exposure

AMS-02 is not a pointing instrument: it will be rigidly attached
to the ISS. It will not spend equal amounts of time viewing all
directions in the celestial sphere. Full sky coverage is obtained
approximately every 70 days due to ISS orbital precession.

How much time is spent by AMS-02 observing a celestial
source in its detection cone and how the angle varies between
the AMS-02 zenith and the source is characterized by the ex-
posure function ε (cm2 yr) used in Figs. 4 and 5. The num-
ber of events expected in any time interval can be calculated
from Eq. (15). The geometry of the apparatus is computed sep-
arately; we obtain the dependence of the illuminated calorime-
ter area as a function of the photon incidence angle between
the zenith of AMS-02 and the source direction ψ. The result
is shown in Fig. 6: the illuminated area vanishes at about 28◦.
To obtain an estimate of the expected events, the geometrical
information shown in Fig. 6 is combined with the orbital mo-
tion, using an orbital simulation code which gives the position
pointed by AMS-02 as a function of time to find the ε func-
tion (Valle 2003). The resulting exposure ε, as a function of
the Galactic coordinates b and l is shown in Fig. 7, which also
shows the positions of some important γ sources (Crab, Vela,
Geminga, MRK 421, 3C 273, 3C 279, 1633+382) that AMS-02
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Fig. 8. The number of events detectable for AMS-02 in single pho-
ton mode in 3 yr, for ∆Ω = 1 msr around the Galactic Center, ε
(3 yr)= 216 cm2 yr, Eth = 8 GeV, for the Moore et al. profile, as
a function of neutralino mass for the SUSY models plotted also in
Fig. 5 The red dots are the models satisfying WMAP cosmological
constraint 0.094 < Ωχh2 < 0.129. A colour version of this plot is
available on-line.

can observe during its period of operation. We note that the
Galactic Center, the region in which the assumed dark matter
halo profiles are enhanced, corresponds to high exposure.

8.2. Numerical results for the gamma continuum

Figure 8 is obtained multiplying the values of the S factor plot-
ted in Fig. 5 by the part depending only on astrophysical quan-
tities, calculated for the Moore et al. profile (Eq. (10)) and by
the exposure ε. From Fig. 8 it is possible to read the number of
events from neutralino annihilation in the continuum, as a func-
tion of mχ, that can be detected with AMS-02 in 3 yr in orbit in
the single photon mode. The models satisfying the WMAP cos-
mological constraint are represented with red dots. The number
of events for the NFW D&B 4d and NFW D&B 2d profiles can
be obtained with a scaling of the factor J(ξ;∆Ω) (see Fig. 2).
The same procedure holds for S p, Kb profiles (see Fig. 3).

The choice of ∆Ω = 1 msr as solid angle of integration
(compatible with the detector angular resolution) instead of
the entire field of view has been adopted to enhance the sig-
nal to noise ratio. In fact, in the energy range of interest, the γ
background is dominated by the Galactic component, which
is not uniform but concentrated around the Galactic Center.
Nevertheless, at least for the dark matter distributions analyzed,
the neutralino signal is more concentrated around the Galactic
Center than the γ background; so, selecting a smaller ∆Ω, the
signal to noise ratio increases.

Moreover, to assess the capability to detect a neutralino
signature, the important cosmic ray (CR) background which
mimics a photon signal in the experimental apparatus, must
to be taken into account. The main CR component is protons
(the ratio between protons and γ at energy of about 10 GeV is
104−105), followed by He and C nuclei and electrons. Given
the high rejection capability of the instrument (Maestro 2003)
and selecting the solid angle of ∆Ω = 1 msr around the Galactic
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Fig. 9. Integrated photon counts vs. ∆Ω for the annihilation γ line in-
tegrated over 3 years for NFW (D&B 2d), NFW (D&B 4d) and Moore
et al. profiles for mχ = 78 GeV.

Center, the protons counts can be reduced to a negligible level
(Valle 2003). As a final remark, in the previous events calcu-
lations, AMS-02 was treated as an ideal instrument, neglecting
the loss of events due to the reconstruction efficiency and trig-
ger efficiency. However, this loss of events is estimated to be
only a few percent in the case of looking toward the Galactic
Center.

8.3. Numerical results for the gamma line channel

To investigate the AMS-02 detection efficiency for the γ line,
the integrated γ-ray counts in 3 yr as a function of the solid
angleΩ around the Galactic Center were calculated for the first
three dark matter halo profiles listed in Table 1. In order to
get a scenario with the potential highest fluxes, we consider a
MSSM model χχ → γγ at mχ = 78 GeV, giving S max �
7.6 × 10−33 cm3 s−1 GeV−2 (Bergstrom et al. 2001).

The calorimeter energy resolution (Cervelli et al. 2002)
σ(E)/E � 2.5% at 78 GeV, an acceptance window of 2∆E =
12 GeV, corresponding to a 3σ level, and centered on the neu-
tralino mass have been considered.

The results are shown in Fig. 9 for NFW (D&B 4d),
NFW (D&B 2d) and Moore et al. profiles. The integrated
number of events as a function of the solid angle Ω around
the Galactic Center is <1 for halo dark matter profiles NFW
(D&B 4d), NFW (D&B 2d) and smaller than the γ-background
for NFW (D&B 2d); the Moore et al. profile produces an inte-
grated number of events �1. For the Moore et al. profile, en-
larging the solid angle of integration, the number of photon
counts doesn’t change appreciably and is almost constant for
solid angles greater than ∆Ω = 1 msr. This behaviour is due to
the steeper radial dependence of Moore et al. profile relative to
NFW 2d, 4d profiles. As in the case of the continuum, to max-
imize the signal to noise ratio, it is convenient to integrate over
a small solid angle of order Ω � 1 msr around the Galactic
Center, which contains most of the halo dark matter density
profile. Still the number of counts is negligible and the line sig-
nature cannot be detected by AMS-02 under our assumptions.
It might be possible to detect such a signature with dark matter

models that have stronger cusps or clumps than those investi-
gated in this work.

9. Comparison with ground based detectors

In this paper we proposed as an example the γ line and con-
tinuum detection possibilities of the orbital experiment AMS-
02. As underlined before, the exposed procedure is general and
allows us to make predictions regarding other experiments, or-
bital or not, for which the main characteristics are known. An
interesting comparison can be made between an orbital instru-
ment and a ground based one, like an Imaging Atmospheric
Cerenkov Telescope (IACT). With respect to an orbital experi-
ment, IACTs are usually characterized by larger effective area
which increases the signal counts, and higher threshold in en-
ergy which produces the opposite effect.

A reasonable set of parameters for the present IACTs
(HESS, MAGIC, VERITAS, CANGAROO-III, etc.) are: an-
gular resolution σ = 0.1◦, solid angle ∆Ω = 10−5 sr, threshold
energy Eth = 100 GeV, effective area Aeff � 108−109 cm2, ex-
posure time of t � 100−200 hours (Tasitsiomi and Olinto 2002;
Prada et al. 2002). We assume here Aeff = 109 cm2, t = 200 h.

Let NAMS and NIACT be, respectively, the signal counts
(Eq. (15)) expected for AMS and for a generic IACT. We derive
the following scaling law:

NAMS

NIACT
=

(Aeff t)IACT

εAMS

Nγ IACT

Nγ AMS

J(ξ;∆ΩAMS)
J(ξ;∆ΩIACT)

· (19)

To make a rough comparison between the detection capabilities
of these two instruments, we must also evaluate the main IACT
hadronic and electronic background sources, due to the cosmic
ray showers. Adopting for the hadronic background the expres-
sion given in Bergstrom et al. (1998), derived from Whipple
telescope data, and for the electron background that given in
Longair (1992), the backgrounds counts are given by:

Nh(E > Eth) = 6.1 × 10−3
( Eth

1 GeV

)−1.7

Aeff t ∆Ω, (20)

Ne− (E > Eth) = 3.0 × 10−2
( Eth

1 GeV

)−2.3

Aeff t ∆Ω. (21)

In the continuum case, the Moore profile shows AMS out-
performing the ground based experiments for light neutralino
masses up to mχ <∼ 150 GeV, while for high masses the opposite
trend results. The IACTs detection threshold Eth and effective
area Aeff depend also on the zenith angle of observation, so the
Galactic Center region is not equally favored for DM searches
for the different Cerenkov telescopes at different zenith angle.
However, from the analysis performed here we can conclude
that IACTs have a complementary role with respect to γ-ray
satellites, allowing a more sensitive investigation on larger neu-
tralino masses.
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