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An interesting strategy for indirect detection of Dark Matter comes through the amounts of electrons and

positrons usually emitted by DM pair annihilation. The e
+

e
− gyrating in the galactic magnetic field then

produce secondary synchrotron radiation. The radio emission from the galactic halo as well as from its expected

substructures if compared with the measured diffuse radio background can provide constraints on the physics of

WIMPs. In particular one gets the bound of 〈σAv〉 = 10−24 cm3s−1 for a DM mass mχ = 100 GeV even though

sensibly depending on the astrophysical uncertainties.

1. Introduction

Among the indirect DM detection channels,
the radio emission due to secondary electrons or
positrons can represent a chance to look for DM
annihilation. During the process of thermaliza-
tion in the galactic medium the high energy e+

and e− release secondary low energy radiation, in
particular in the radio and X-ray band, which in
principle could be detected. Furthermore, while
the astrophysical uncertainties affecting this sig-
nal are similar to the case of direct e+, e− de-
tection, the sensitivities are quite different, and,
in particular, the radio band allows for a the dis-
crimination of tiny signals even in a background
many order of magnitudes more intense.

Indirect detection of DM annihilation through
secondary photons has received recently an in-
creasing attention, exploring the expected sig-
nature in X-rays [1,2,3], at radio wavelengths
[4,5,6,7] , or both [8,9,10]. In this paper we will
focus our analysis on the radio signal expected
from the Milky Way (MW) halo and its substruc-
tures. The results and the details of the following
approach can be found in Ref. [11].
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2. Dark matter distribution

Our knowledge of the DM spatial distribution
on galactic and subgalactic scales has greatly im-
proved thanks to recent high resolution zoomed
N-body simulations [15,16,17,18]. These sim-
ulations indicate that for the radial profile of
the galactic halo the usual Navarro-Frank-White
(NFW) distribution [19]

ρ(r) =
ρh

r
rh

(

1 + r
rh

)2
, (1)

still works as a good approximation over all the
resolved scales. The NFW profile is in fair agree-
ment with the observed Milky Way rotation curve
[20], although, depending on the employed model,
it is possible to find an agreement for many dif-
ferent DM profiles. We emphasize, however, that
the various profiles differ mainly in the halo center
(for r <∼ 1 kpc) where the uncertainties, both in
numerical simulations and from astrophysical ob-
servations are maximal. Thus, our analysis which
explicitly excludes the galactic center, does not
crucially depend on the choice of the profile.

The parameters describing the halo are then
determined imposing the DM density to be equal
to ρS = 0.365 GeV c−2 cm−3 near the Solar Sys-
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tem, at a galactocentric distance of RS = 8.5 kpc.
Simulations, however, predict a DM distribu-

tion sum of a smooth halo component, and of an
additional clumpy one with total masses roughly
of the same order of magnitude. For the subhalo
population we will assume a mass distribution
∝ m−2

cl and that they are spatially distributed
following the NFW profile of the main halo. The
mass spectrum number density of subhaloes, in
galactocentric coordinates ~r, is thus given by

dncl

dmcl

(mcl, ~r) = A

(

mcl

Mcl

)−2 (

r

rh

)−1 (

1 +
r

rh

)−2

, (2)

where A is a dimensional normalization constant.
By using the constraints described in [11] one

can fix the values of free parameters rh, ρh and A,
hence obtaining rh = 14.0 kpc, ρh = 0.572GeV
c−2 cm−3 and A = 1.16 × 10−19 kpc−3 M−1

⊙ .
A further piece of information is required to

derive the annihilation signal from the clumps,
namely how the DM is distributed inside the
clumps themselves. We will assume that each
clump follows a NFW profile whose parameters
are fixed assuming the clumps concentration ac-
cording to [21].

3. Radio Data

In the following we will derive constraints on
the DM emission comparing the expected diffuse
emission from the smooth halo and the unresolved
population of clumps with all sky observation
in the radio band. In the frequency range 100
MHz-100 GHz where the DM synchrotron signal
is expected, various astrophysical processes con-
tribute to the observed diffuse emission. Com-
peting synchrotron emission is given by Cosmic
Ray electrons accelerated in supernovae shocks
dominating the radio sky up to ∼ 10 GHz. At
higher frequencies the Cosmic Microwave Back-
ground (CMB) and its anisotropies represent the
main signal. However, thanks to the very sensi-
tive multi-frequency survey by the WMAP satel-
lite, this signal (which represents thus a back-
ground for DM searches) can be modeled in a
detailed way and can thus be removed from the
observed radio galactic emission [22]. Other pro-
cesses contributing in the 10-100 GHz range are

given by thermal bremsstrahlung (free-free emis-
sion) of electrons on the galactic ionized gas, and
emission by small grains of vibrating or spinning
dust.

In the following our approach will be to com-
pare the DM signal with the observed radio emis-
sion where only the CMB is modeled and re-
moved. For this purpose we use the code de-
scribed in [23] where most of the radio survey ob-
servations in the range 10 MHz-100 GHz are col-
lected and a scheme to derive interpolated, CMB
cleaned sky maps at any frequency in this range
is described.

4. DM Synchrotron Signal

In a standard scenario where WIMPs ex-
perience a non exotic thermal history, a
typical mass range for these particles is
50 GeV <∼ mχ <∼ 1 TeV, while a simple estimate
for their (thermally averaged) annihilation cross
section yields 〈σAv〉 = 3×10−27cm3s−1/ Ωcdmh2,
giving 〈σAv〉 ≈ 3×10−26cm3s−1 for Ωcdmh2 ≈ 0.1
as resulting from the latest WMAP measure-
ments. However, this naive relation can fail badly
if, for example, coannihilations play a role in the
WIMP thermalization process [24], and a much
wider range of cross sections should be consid-
ered viable. In this work we consider values of mχ

from about 10 GeV to about 1 TeV, and 〈σAv〉
in the range 10−26 ÷ 10−21 cm3s−1

The e+e− annihilation spectrum,
dNe/dEe(Ee), for a given super-symmetric
WIMP candidate can be calculated for example
with the DarkSUSY package [25]. Once injected
in the galaxy, by neglecting diffusion (see Ref.
[11] for details), the emitted e+e− follow the
steady state distribution which reads

dne

dEe

(Ee, ~r) =
τ(~r)

Ee

∫ mχc2

Ee

dE′

e Q(E′

e, r) , (3)

where

Q(Ee, r) =
1

2

(

ρ(r)

mχ

)2

〈σAv〉
dNe

dEe

(Ee) (4)

is the constant rate at which DM annihilation
injects new electrons in the galaxy and τ =
Ee/b(Ee, ~r) is the cooling time, resulting from the
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sum of several energy loss processes that affect
electrons. In the following we will consider syn-
chrotron emission and Inverse Compton Scatter-
ing (ICS) off the background photons (CMB and
starlight) only, which are the faster processes and
thus the ones really driving the electrons equilib-
rium. Other processes, like synchrotron self ab-
sorption, ICS off the synchrotron photons, e+e−

annihilation, Coulomb scattering over the galac-
tic gas and bremsstrahlung are generally slower.
They can become relevant for extremely intense
magnetic field, possibly present in the inner par-
secs of the galaxy [5], and thus will be neglected
in this analysis.

The synchrotron spectrum of an electron gy-
rating in a magnetic field has its prominent peak
at the resonance frequency

ν = 3.7

(

B

µG

) (

Ee

GeV

)2

MHz . (5)

This implies that, in practice, a δ–approximation
around the peaks works extremely well. Us-
ing this frequency peak approximation, the syn-
chrotron emissivity can be defined as

jν(ν,~r) =
dne

dEe

(Ee(ν), ~r)
dEe(ν)

dν
bsyn(Ee(ν), ~r).(6)

This quantity is then integrated along the line of
sight to get the final synchrotron flux across the
sky:

d2Iν

dl db
=

cos b

4π

∫ ∞

0

jν ds , (7)

where (l, b) are coordinates on the sphere and s
the line of sight coordinate.

The two contributes mainly differ due to the
fact that, while the halo emission is proportional
to the square of the NFW profile, the clumps one
is simply proportional to it. (see Ref. [11]).

The halo component dominates in the central
region of the galaxy, inside a disk with a radius
of about 30 degrees, while the clumps component
represents the main contribution in the external
region (see fig. 2).

5. DM Annihilation constraints

The pattern and intensity of the DM radio
map resulting from the sum of the contributions

Figure 1. Sky map of the galactic radio signal
generated by the DM smooth halo and unresolved
clumps at the frequency of 1GHz for mχ = 100
GeV and 〈σAv〉 = 3 × 10−26cm3s−1. The pecu-
liar shape of the signal, pinched approximately at
±30◦ and ±60◦, reflects basically the structure of
the magnetic field as seen in projection from the
Solar System, where the observer is located.

from the smooth halo and unresolved clumps is
shown in Fig. 1 for mχ = 100 GeV and 〈σAv〉 =
3 × 10−26cm3s−1. Similar maps are obtained at
different frequencies and different mχ and 〈σAv〉
to obtain DM exclusion plots. For our analysis
we use a small mask covering a 15◦×15◦ region
around the galactic center where energy loss pro-
cesses other than synchrotron and ICS start pos-
sibly to be relevant. We include the galactic plane
although this region has basically no influence for
the constraints on the DM signal.

In Fig.3 we show the radio constraints on the
DM annihilation signal in the mχ–〈σAv〉 plane for
various frequencies and various choices of the fore-
ground. Several comments are in order. First, we
can see that, as expected, the use of the haze at 23
GHz gives about one order of magnitude better
constraints with respect to the synchrotron fore-
grounds at the same frequency. However, using
also the information at other frequencies almost
the same constraints can be achieved. This infor-
mation in particular is complementary giving bet-
ter constraints at lower DM masses. This is eas-
ily understood since a smaller DM mass increases
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Figure 2. DM synchrotron profile for the halo and
unresolved substructures and their sum at 1 GHz
for mχ = 100 GeV and 〈σAv〉 = 3×10−26 cm3s−1.
The astrophysical observed emission at the same
frequency is also shown. The gray band indicates
the angular region within which the DM signal
from the host halo dominates over the signal from
substructures modeled as in section 2.

the annihilation signal (∝ m−2
χ ) at smaller ener-

gies, and thus smaller synchrotron frequencies. In
particular, the constraints improve of about one
order of magnitude at mχ ∼ 100 GeV from 23
GHz to 1 GHz while only a modest improvement
is achieved considering further lower frequencies
as 0.1 GHz. This saturation of the constraints
is due to the frequency dependence of the DM
signal, that below 1 GHz becomes flatter than
the astrophysical backgrounds so that the frac-
tion of contribution from DM is maximal at about
1 GHz.

For low masses the constraints come more and
more from lower frequencies. For example for a
WIMP of 30 GeV the data at 100 MHz are 2
orders of magnitude more constraining than the
data at 10 GHz. For a WIMP of 1 GeV, from
Eq.5 with a magnetic field of O(µG) only fre-
quencies <∼ 10 MHz would be useful to place con-
straints on the DM signal. Although observations

at this frequency exist [23], in general the sur-
vey sky coverage is quite incomplete and the data
quality is non-optimal. Observations in this very
low frequency range should substantially improve
with the next generation radio arrays LOFAR and
SKA.

6. Summary and conclusions

Using conservative assumptions for the DM dis-
tribution in our galaxy we derive the expected
secondary radiation due to synchrotron emission
from high energy electrons produced in DM an-
nihilation. The signal from single bright clumps
offers only poor sensitivities because of diffusion
effects which spread the electrons over large ar-
eas diluting the radio signal. The diffuse signal
from the halo and the unresolved clumps is in-
stead relevant and can be compared to the radio
astrophysical background to derive constraints on
the DM mass and annihilation cross section.

Constraints in the radio band, in particu-
lar, are complementary to similar (less stringent
but less model dependent) constraints in the X-
ray/gamma band [26,27] and from neutrinos [28].
Radio data, in particular, are more sensitive in
the GeV-TeV region while neutrinos provide more
stringent bounds for very high DM masses ( >∼ 10
TeV). Gammas, instead, are more constraining
for mχ <∼ 1 GeV. The combination of the various
observations provides thus interesting constraints
over a wide range of masses pushing the allowed
window significantly near the thermal relic possi-
bility.

More into details, we obtain conservative con-
straints at the level of 〈σAv〉 ∼ 10−23 cm3s−1 for a
DM mass mχ = 100GeV from the WMAP Haze
at 23 GHz. However, depending on the astro-
physical uncertainties, in particular on the as-
sumption on the galactic magnetic field model,
constraints as strong as 〈σAv〉 ∼ 10−25 cm3s−1

can be achieved. Complementary to other works
which employ the WMAP Haze at 23 GHz, we
also use the information in a wide frequency band
in the range 100 MHz-100 GHz. Adding this
information the constraints become of the or-
der of 〈σAv〉 ∼ 10−24 cm3s−1 for a DM mass
mχ = 100GeV. The multi-frequency approach
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Figure 3. (Left) Constraints in the mχ-〈σAv〉 plane for various frequencies without assuming syn-
chrotron foreground removal. (Right) Constraints from the WMAP 23 GHz foreground map and 23
GHz foreground–cleaned residual map (the WMAP Haze) for the TT model of magnetic field (filled
regions) and for a uniform 10 µG field (dashed lines).

thus gives comparable constraints with respect
to the WMAP Haze only, or generally better
for mχ <∼ 100 GeV where the best sensitivity is
achieved at ∼ GHz frequencies.

The derived constraints are quite conservative
because no attempt to model the astrophysical
background is made differently from the case of
the WMAP Haze. Indeed, the Haze residual map
itself should be interpreted with some caution,
given that the significance of the feature is at the
moment still debated and complementary anal-
yses from different groups (as the WMAP one)
miss in finding a clear evidence of the feature.
Definitely the multi-frequency approach will be
necessary to test in a convincing way a possible
DM signal like the claim related to the WMAP
Haze. Progresses are expected with the forthcom-
ing data at high frequencies from Planck and at
low frequencies from LOFAR and, in a more dis-
tant future, from SKA. These surveys will help
in disentangling the various astrophysical contri-
butions thus assessing the real significance of the
Haze feature. Further, the low frequency data in

particular, will help to improve our knowledge of
the galactic magnetic field. Progresses in these
fields will provide a major improvement for the
interpretation of the DM-radio connection.
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