
Torsten Bringmann, University of Hamburg

TeVPA2011, Stockholm, 1 - 5 August 

Radio data and synchrotron 
emission in consistent 

cosmic ray models

based on

TB, F. Donato & R. Lineros, arXiv:1106.4821



Torsten Bringmann, University of Hamburg !Indirect Dark Matter Searches

Outlook

Cosmic ray propagation

B/C determination of propagation parameters

Radio data

Synchrotron radiation

Bringing it all together…

Consequences for indirect DM searches

Outlook & conclusions

2



Torsten Bringmann, University of Hamburg !Indirect Dark Matter Searches

Cosmic ray propagation

3

Little known about Galactic magnetic field distribution

Magnetic fields confine CRs in galaxy for
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3D possible
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“black box” 
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computations time-consuming
“black box” 
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Strong, Moskalenko, … 

DRAGON
Evoli, Gaggero, Grasso & Maccione

e.g.

(Semi-)analytically
Physical insight from analytic solutions
fast computations allow to sample
full parameter space
only 2D possible
simplified gas distribution, energy losses

+
+

!

!

e.g.  Donato, Fornengo, Maurin, Salati, Taillet, ...
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Secondary species 
much larger relative 
abundance than in stellar 
environments
produced by interaction of 
primary cosmic rays with 
interstellar medium

B

Primary species
present in sources
element distribution 
following stellar 
nucleosynthesis
accelerated in supernova 
shockwaves

C
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Propagation parameters                      of two-zone 
diffusion model strongly constrained by B/C

This can be used to predict fluxes for other species:
Maurin, Donato, Taillet & Salati, ApJ ’01

(K0, δ, L, va, vc)

TB & Salati, PRD ’07
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Fig. 7.— Models with different values of δ are shown. As in the previous figures, for each value

of L and K0/L, only the best χ2 value is retained when the other parameters Vc and Va/
√

K0

are varied. The figure in the left panel displays the contour levels for χ2 < 40 for the indicated

values of δ. It is possible to scale the K0/L values by a function f(δ) to superimpose the contours

corresponding to different values of δ (see text). This is displayed in the right panel.

Maurin, Donato, Taillet & Salati, ApJ ’01

B/C analysis leaves large 

degeneracies in propagation 

parameters that
(almost) do not affect standard CR fluxes 
(~everything produced in the disk)
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B/C analysis leaves large 

degeneracies in propagation 

parameters that
(almost) do not affect standard CR fluxes 
(~everything produced in the disk)

but can have a large impact on, e.g., 
antiprotons from DM annihilations: 15

case δ K0 L Vc VA χ2
B/C rw(kpc) rsp(kpc)

(kpc2/Myr) (kpc) (km/sec) (km/sec) [1GeV/10GeV] [1GeV/10GeV]

max 0.46 0.0765 15 5 117.6 39.98 29./73. 26./57.
med 0.70 0.0112 4 12 52.9 25.68 2.4/9.2 4.4/15.
min 0.85 0.0016 1 13.5 22.4 39.02 0.33/1.8 0.69/3.1

TABLE I: Astrophysical parameters giving the maximal, median and minimal supersymmetric antiproton flux and compatible
wih B/C analysis (χ2

B/C < 40). It is also given in unit of rw, rsp (kpc) for two kinetic energies 1 GeV and 10 GeV.

FIG. 11: Interstellar primary fluxes calculated as a function
of the antiproton kinetic energy. The fluxes are calculated
for the median set of astrophysical parameters. Solid, long
dashed, short dashed and dotted lines correspond to mχ= 60,
100, 300, 500 GeV, respectively. The fluxes correspond to the
representative differential antiproton spectra shown in Fig. 6.

[13]:

Cprop
susy (Tp̄) =

Φp̄(R!, 0, Tp̄)

Υg(Tp̄)
(20)

where Φp̄(!, Tp̄) is the interstellar antiproton flux after
propagation, normalized to supersymmetric elementary
production term. The propagation function Cprop

susy (Tp̄) is
a measure of how the source fluxes are deformed by prop-
agation and diffusion before reaching the solar position
in the Galaxy and is shown in Fig. 12 for the same rep-
resentative spectra of Fig. 6. The energy dependence is
steeper for low–mass neutralinos, and it becomes some-
how more symmetric around a maximal values for neu-
tralinos of increasing mass. The steep rise of Cprop

susy (Tp̄)
near the end of the antiproton production phase space
at Tp̄ = mχ is due to reacceleration: while the source
factor g(Tp̄) is rapidly vanishing, the propagated flux
Φp̄(R!, 0, Tp̄) decreases in much milder way because of
reacceleration effects. This effect is more pronounced for
the maximal astrophysical configuration, were VA is max-

FIG. 12: Propagation function Cprop
susy of the primary super-

symmetric antiproton fluxes as a function of the antiproton
kinetic energy, calculated for the reference fluxes of Figs.
6,11. Dotted lines refer to mχ = 10 GeV, short–dashed to
mχ = 60 GeV, long–dashed to mχ = 100 GeV, dot–dashed
to mχ = 300 GeV and solid to mχ = 500 GeV. For each set
of curves, the upper, medium and lower line refer to the max-
imal, median and minimal set of astrophysical parameters.

imal and it disappears if VA is set to zero. Fig. 12 also
shows that the maximal, median and minimal set of as-
trophysical parameter affect not only the absolute mag-
nitude of the fluxes but also their energy dependence:
the distorsion of the original flux differs depending on
the values of the propagation parameters, as it has been
discussed in the previous Sections. In particular, the en-
ergy of maximal transfer for neutralino masses above 60
GeV shifts from about 1-2 GeV for the maximal set, to
5-6 GeV for the minimal set. Fig. 12 shows, at low ki-
netic energies, a hierarchy in the behaviour of Cprop

susy (Tp̄)
which follows the hierarchy of the neutralino masses: the
propagation function is larger at low enegies for heavier
neutralinos, i.e. for harder antiproton fluxes.

The propagation function Cprop
susy (Tp̄) can be directly

used to estimate the propagation effects once the super-
symmetric production term Υg(Tp̄) is known.

Donato, Fornengo, Maurin, Salati & Taillet, PRD ’04
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wih B/C analysis (χ2

B/C < 40). It is also given in unit of rw, rsp (kpc) for two kinetic energies 1 GeV and 10 GeV.

FIG. 11: Interstellar primary fluxes calculated as a function
of the antiproton kinetic energy. The fluxes are calculated
for the median set of astrophysical parameters. Solid, long
dashed, short dashed and dotted lines correspond to mχ= 60,
100, 300, 500 GeV, respectively. The fluxes correspond to the
representative differential antiproton spectra shown in Fig. 6.

[13]:

Cprop
susy (Tp̄) =

Φp̄(R!, 0, Tp̄)
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(20)

where Φp̄(!, Tp̄) is the interstellar antiproton flux after
propagation, normalized to supersymmetric elementary
production term. The propagation function Cprop

susy (Tp̄) is
a measure of how the source fluxes are deformed by prop-
agation and diffusion before reaching the solar position
in the Galaxy and is shown in Fig. 12 for the same rep-
resentative spectra of Fig. 6. The energy dependence is
steeper for low–mass neutralinos, and it becomes some-
how more symmetric around a maximal values for neu-
tralinos of increasing mass. The steep rise of Cprop
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near the end of the antiproton production phase space
at Tp̄ = mχ is due to reacceleration: while the source
factor g(Tp̄) is rapidly vanishing, the propagated flux
Φp̄(R!, 0, Tp̄) decreases in much milder way because of
reacceleration effects. This effect is more pronounced for
the maximal astrophysical configuration, were VA is max-

FIG. 12: Propagation function Cprop
susy of the primary super-

symmetric antiproton fluxes as a function of the antiproton
kinetic energy, calculated for the reference fluxes of Figs.
6,11. Dotted lines refer to mχ = 10 GeV, short–dashed to
mχ = 60 GeV, long–dashed to mχ = 100 GeV, dot–dashed
to mχ = 300 GeV and solid to mχ = 500 GeV. For each set
of curves, the upper, medium and lower line refer to the max-
imal, median and minimal set of astrophysical parameters.

imal and it disappears if VA is set to zero. Fig. 12 also
shows that the maximal, median and minimal set of as-
trophysical parameter affect not only the absolute mag-
nitude of the fluxes but also their energy dependence:
the distorsion of the original flux differs depending on
the values of the propagation parameters, as it has been
discussed in the previous Sections. In particular, the en-
ergy of maximal transfer for neutralino masses above 60
GeV shifts from about 1-2 GeV for the maximal set, to
5-6 GeV for the minimal set. Fig. 12 shows, at low ki-
netic energies, a hierarchy in the behaviour of Cprop

susy (Tp̄)
which follows the hierarchy of the neutralino masses: the
propagation function is larger at low enegies for heavier
neutralinos, i.e. for harder antiproton fluxes.

The propagation function Cprop
susy (Tp̄) can be directly

used to estimate the propagation effects once the super-
symmetric production term Υg(Tp̄) is known.

Donato, Fornengo, Maurin, Salati & Taillet, PRD ’04

change in predicted    flux from DM!p̄O(102)
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e±     can also be described in this framework!
Delahaye et al., PRD ’08, A&A ’09, A&A ’10
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14 Delahaye et al.: Galactic electrons and positrons at the Earth
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Fig. 5. Left: Spatial distribution models for SNRs and pulsars. Middle: Corresponding halo functions defined in Eq. (53) and that
characterize the transport probability as a function of the propagation scale λ, which decreases with energy. Right: Ratio of flux
predictions to their associated exponential disk approximations.
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Fig. 6. Fraction of the signal reaching the Earth as a function
of the integrated radius, for different energies and different spa-
tial distribution models, using full relativistic energy losses. The
Thomson approximation result is reported in dashed line.

terms of fluxes: for different spatial distributions, we plot
the ratio approximated flux / exact flux for our three bea-
con propagation setups. We can see that the exponential
disk approximation is quite good above a few GeV for the
min and med cases, as expected, having an accuracy better
than 5%. Errors are obviously larger in the max case be-
cause of the larger spatial gradients exhibited by the spatial
distributions within L = 15 kpc.

A final useful exercise regarding the smooth spatial dis-
tribution modeling consists of checking the cumulative frac-
tion of the IS signal received at the Earth as a function of
the radial integration distance. In Fig. 6, we report this frac-
tion for spatial model L04 at different energies, assuming an
injection spectrum ∝ E−2, and for both the Thomson ap-

proximation and the relativistic energy losses. We see that
this fraction increases more quickly at high energy than at
low energy, as expected from energy losses. This is consis-
tent with the result obtained in Delahaye et al. (2009) for
secondary positrons. Nevertheless, above ∼10 GeV, we can
observe that relativistic effects come into play and a dif-
ference appears between the Thomson approximation case
and the relativistic case. Indeed, the latter induces a longer
propagation scale at high energy, and consequently softens
the rise of the cumulative fraction. This would be slightly
less significant for a magnetic field of 3 µG instead of 1 µG,
though still observable.

Another important piece of information that we can
derive from Fig. 6 is that the cumulative signal fraction
is ! 95% (80%) for r ! 2 kpc and E ! 100 (10) GeV.
This helps us to define consistent means of including local
sources in our predictions, as we discuss later in Sect. 4.4.2.
Indeed, we know at present that if we replace the smooth
spatial distribution within 2 kpc with discrete sources, these
latter can affect the whole available energy range quite sig-
nificantly: if powerful enough, local sources will dominate
above a few tens of GeV, otherwise, flux predictions will be
significantly depleted compared to a smooth-only descrip-
tion of sources, for a given normalization pattern.

4.3. Sizing the uncertainties for local sources

Before discussing the contribution of local known SNRs to
the CR electron flux (see Sect. 4.4.2), it is essential to re-
view the impact of uncertainties in the main parameters
describing the source. They are only a few, but their effects
on the flux are shown to be important and degenerate.

Apart from the propagation modeling and related pa-
rameters that were presented in Sects. 2.2 and 2.5, theo-
retical errors may originate from uncertainties (i) in the
spectral shape and normalization, (ii) in the distance esti-
mate, (iii) in the age estimate and (iv) in our understanding
of the escape of cosmic rays from sources. The last point is
actually still debated and poorly known in detail (see e.g.
Caprioli et al. 2009), though it is clear that the release of
cosmic rays in the ISM is a time- and energy-dependent pro-
cess which takes place over ∼ 103−5 yr, i.e. the lifetime of
the source. Since this timescale is still almost always much

e±     can also be described in this framework!
Delahaye et al., PRD ’08, A&A ’09, A&A ’10
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Fig. 6. Fraction of the signal reaching the Earth as a function
of the integrated radius, for different energies and different spa-
tial distribution models, using full relativistic energy losses. The
Thomson approximation result is reported in dashed line.

terms of fluxes: for different spatial distributions, we plot
the ratio approximated flux / exact flux for our three bea-
con propagation setups. We can see that the exponential
disk approximation is quite good above a few GeV for the
min and med cases, as expected, having an accuracy better
than 5%. Errors are obviously larger in the max case be-
cause of the larger spatial gradients exhibited by the spatial
distributions within L = 15 kpc.

A final useful exercise regarding the smooth spatial dis-
tribution modeling consists of checking the cumulative frac-
tion of the IS signal received at the Earth as a function of
the radial integration distance. In Fig. 6, we report this frac-
tion for spatial model L04 at different energies, assuming an
injection spectrum ∝ E−2, and for both the Thomson ap-

proximation and the relativistic energy losses. We see that
this fraction increases more quickly at high energy than at
low energy, as expected from energy losses. This is consis-
tent with the result obtained in Delahaye et al. (2009) for
secondary positrons. Nevertheless, above ∼10 GeV, we can
observe that relativistic effects come into play and a dif-
ference appears between the Thomson approximation case
and the relativistic case. Indeed, the latter induces a longer
propagation scale at high energy, and consequently softens
the rise of the cumulative fraction. This would be slightly
less significant for a magnetic field of 3 µG instead of 1 µG,
though still observable.

Another important piece of information that we can
derive from Fig. 6 is that the cumulative signal fraction
is ! 95% (80%) for r ! 2 kpc and E ! 100 (10) GeV.
This helps us to define consistent means of including local
sources in our predictions, as we discuss later in Sect. 4.4.2.
Indeed, we know at present that if we replace the smooth
spatial distribution within 2 kpc with discrete sources, these
latter can affect the whole available energy range quite sig-
nificantly: if powerful enough, local sources will dominate
above a few tens of GeV, otherwise, flux predictions will be
significantly depleted compared to a smooth-only descrip-
tion of sources, for a given normalization pattern.

4.3. Sizing the uncertainties for local sources

Before discussing the contribution of local known SNRs to
the CR electron flux (see Sect. 4.4.2), it is essential to re-
view the impact of uncertainties in the main parameters
describing the source. They are only a few, but their effects
on the flux are shown to be important and degenerate.

Apart from the propagation modeling and related pa-
rameters that were presented in Sects. 2.2 and 2.5, theo-
retical errors may originate from uncertainties (i) in the
spectral shape and normalization, (ii) in the distance esti-
mate, (iii) in the age estimate and (iv) in our understanding
of the escape of cosmic rays from sources. The last point is
actually still debated and poorly known in detail (see e.g.
Caprioli et al. 2009), though it is clear that the release of
cosmic rays in the ISM is a time- and energy-dependent pro-
cess which takes place over ∼ 103−5 yr, i.e. the lifetime of
the source. Since this timescale is still almost always much

e±     can also be described in this framework!
Delahaye et al., PRD ’08, A&A ’09, A&A ’10
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Fig. 14. Template calculation including all primary (discrete local and smooth distant) and secondary electrons and positrons in
a self-consistent modeling, using the med propagation setup. Top left: electron flux. Top right: electron and positron flux. Bottom
left: positron flux. Bottom right: positron fraction.

of the spectrum, above ∼ 50 GeV, is actually dominated
by our local SNR sample. This cannot be considered as a
robust prediction, since we could have obtained a dominat-
ing pulsar contribution by slightly modifying the injection
parameters. For instance, we could have reduced the local
SNR yield, both depleted the supply from Geminga and in-
creased that from Vela, and finally allowed a larger fraction
of ∼ 2% of pair conversion.

We point out that the current constraints on sources are
far too weak to ascertain the predictive power of our tem-
plate calculation. Nevertheless, it is clear that the source
modeling is the key point in the understanding of the high
energy CR electrons, at least for identifying more clearly

those few sources which may set most of the local flux.
We also underline that it is important to challenge any CR
electron prediction with the separate electron and positron
data, since reproducing the sum does not necessarily en-
sure the relevance of the model. It will be important in the
future to have independent sets of far higher quality data;
PAMELA and AMS-02 carry many hopes.

6.2. Positron fraction

Measurements of the positron fraction contribute ad-
ditional constraints that should be fulfilled consis-
tently with the previous data. In the bottom right

propagation uncertainties: 
secondaries ~ 2-4
primaries ~5

undisputed need for local primary 
source(s) to describe data well above 
~10 GeV
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Figure 1. The maps show (from left to right, top to bottom) the 0.010 GHz (52), 0.0135 GHz (55), 0.0175 GHz (55), 0.022 GHz (57), 0.026GHz (58), 0.0345

GHz (61), 0.038 GHz (58), 0.045 GHz (63), 0.0815 GHz (55), 0.085 GHz (65), 0.150 GHz (65), 0.176 GHz (58), 0.400 GHz (58), 0.404 GHz (72), 0.408

GHz (50), 0.820 GHz (73), 1.42 GHz (74; 75; 76) and 2.326 GHz (78) surveys, and the CMB-free WMAP foreground maps at 23, 33, 41, 61 and 94 GHz

(18; 19; 22; 79).

Figure 2. Sky coverage/overlap, in Galactic coordinates, of the six key maps

below the WMAP frequencies: the numbers from 1 to 6 correspond to 10,
22, 45, 408, 1420 and 2326 MHz, respectively.

ply extrapolate the 408 MHz Haslam map (50) to lower frequen-

cies, thus ignoring any spectral variation across the sky. As we will

see, significantly better accuracy can be attained by modeling that

includes additional data sets. The goal of the present paper is to col-

lect, standardize and model this large body of radio data to make it

more useful to the cosmology community.

The rest of this paper is organized as follows. In Section 2, we

describe how we compile all publicly available total power large-

area radio surveys of which we are aware, digitizing themwith opti-

cal character recognition when necessary, and converting them into

a uniform format. In Section 3, we compare different methods for

constructing a global sky model from this data that covers the en-

tire sky and the entire frequency range. In Section 4, we present the

results of our modeling, quantify the accuracy of our best model,

and briefly comment on implications for the physics underlying this

emission.

2 DATA SETS

In order to carry out our analysis, we performed a literature search

for large-area total power sky surveys in the frequency range 1

MHz to 100 GHz. The result of our search is shown in Figure 1
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Radio=synchrotron?

11

Assume synchrotron dominates at high latitudes:

Clear need for spectral break in electron distribution!
(see also Jaffe et al., 2011)

best fit 
(broken 
power law)

spinning 
dust∆γ = 1.6+0.2

−0.3
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Connection to lepton data

12

diffusion models, 
no break,          
no solar mod.

Break in e- distribution due to break in energy losses?  
(scattering on thermal ions/electrons could start to dominate IC here...)

+ break

Solar modulation important at low energies...

+ solar mod.

(flux at higher 
energies probably 
dominated by 
local sources)

dndiff
e /dE ∝ E−3.3

(�= γinj = 2.3− 2.5)

Rather good agreement with observed electron fluxes!
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Min/med/max propagation

14

2

Mod.
prop. parameters radio data (χ2/d.o.f.)

L [kpc] K0

h

kpc2

Myr

i

δ 22 MHz 408 MHz 1.42 GHz

min 1 0.0016 0.85 14.4 13.4 13.5

med 4 0.0112 0.70 4.4 4.7 4.7

max 15 0.0765 0.46 15.4 10.6 8.7

Table I: Benchmark models compatible with B/C data [17].
Both ’min’ and ’max’ are clearly disfavored by radio data
(towards the galactic anticenter, averaged over 10◦).

Here, we will set the grey-body factor ε to 1.
The galactic magnetic field has an average strength

of O(µG) [13]. We will assume that it is constant out
to a distance L from the galactic plane and completely
vanishes beyond this. While the magnetic field in real-
ity most likely has a much more sophisticated structure
[14], we motivate our choice by the diffusion model that
we adopt and the fact that we are only interested in an
average, large-scale description of radio data above the
galactic plane. For our analysis, we take into account
absorption of synchrotron photons by both thermal elec-
trons and ions from a possible hot gas component in the
disk [15]. Synchrotron self-absorption is another poten-
tial effect, but for B ∼ µG it becomes numerically im-
portant only for frequencies below 1 MHz [16] where it is
however dominated by free-free absorption. For negligi-
ble absorption, and an electron distribution following a
power law, dne/dE ∝ E−γ , Eqs. (1-3) tell us that also
the synchrotron intensity follows a power law, Tb ∝ ν−α,
with a spectral index α = (γ + 3)/2.

Galactic electron population.— The transport pa-
rameters of the two-zone diffusion model introduced in
Ref. [5] are determined from the B/C analysis and corre-
spond to the size of the diffusive halo of the Galaxy L, the
normalization of the diffusion coefficient K0 and its slope
δ (defined by K = K0βRδ, where R = p/q is the rigidity),
with a rather strong degeneracy between the allowed pa-
rameters. Diffusive reacceleration and convection, while
crucial for the nuclei analysis, have been shown to be only
mildly relevant for lepton fluxes [10] and for the sake of
simplicity we will therefore not take them into account
here. In this seminal analysis, we will mainly refer to the
three benchmark propagation models shown in Table I;
among all models compatible with B/C data, these were
shown to give the minimal, medium and maximal flux
in antiprotons, respectively, that is expected from dark
matter annihilations in the galactic halo [17].

High energy electrons are produced in galactic accel-
eration sites such as supernova remnants (SNRs) and
pulsars (primary electrons); another possible origin are
hadronic interactions of galactic protons and helium nu-
clei with the interstellar medium (secondary electrons).
We calculate the primary e− flux from SNRs following
Ref. [11] and the subdominant secondary e± component
as described in Ref. [10]. For the energy losses, we take

Figure 1: Observed radio fluxes vs. frequency. The thick solid
line represents the best fit for synchrotron radiation from an
electron population with dne/dE ∝ E−γ1 (dne/dE ∝ E−γ2)
for E <Ebr (E >Ebr); the dashed lines indicate the effect of
changing the best-fit value Ebr = 3.9 GeV. The thin solid line
shows a fit with ∆γ = 1.1; see text for further details.

into account inverse Compton scattering off the interstel-
lar radiation field, as well as synchrotron, bremsstrahlung
and ionization losses in the interstellar medium [8].

Comparison to radio data.— Starting from the 1960s,
several groups have performed large-area radio surveys in
the frequency range from about 1 MHz to 100 GHz; for
an extensive list, we refer the reader to Ref. [18]. In this
reference, the surveys at 0.010, 0.022, 0.045, 0.408, 1.42,
2.326, 23, 33, 41, 61 and 94 GHz were transformed to
galactic coordinates and pixelized. In Fig. 1, we show
the north and south pole at these frequencies, with the
isotropic CMB component removed and averaged over a
circular region with 10◦ in diameter.

At these frequencies and latitudes, the dominant
source of the radio signals should be synchrotron radi-
ation (except for the excess seen in the 94 GHz band
which is probably due to spinning dust [19] and which
we will not consider in the following). From the data,
one can clearly distinguish two regimes with a different
power-law behavior in frequency – which directly trans-
lates to the necessity of a corresponding break in the
spectral index of the galactic electron population. As
also shown in Fig. 1, this indeed provides an excellent fit
to the data (note that the sharp break in the electrons be-
comes smoothed because we take the full expression (1)
for the synchrotron power rather than the often adopted
monochromatic approximation); the best-fit values for
dne/dE are a break in the spectral index ∆γ = 1.57+0.2

−0.25

at Ebr = 3.87+1.43
−1.17 GeV, with γ2 = 3.45+0.15

−0.15 above Ebr.
Here, we chose a fiducial value of B = 6µG; a different
value would simply change the location of Ebr and the
(arbitrary) overall normalization (by a factor ∝ B2), but
not the functional dependence on ν.

Such an electron distribution is actually also in rather
good agreement with the observed CR electron fluxes

Very similar pattern also at other frequencies:
(10 ° average towards anticenter; 
  normalization/ magnetic field as free parameter to minimize      )χ2

“min” and “max” strongly disfavored!
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Mod.
prop. parameters radio data (χ2/d.o.f.)

L [kpc] K0

h

kpc2

Myr

i

δ 22 MHz 408 MHz 1.42 GHz

min 1 0.0016 0.85 14.4 13.4 13.5

med 4 0.0112 0.70 4.4 4.7 4.7

max 15 0.0765 0.46 15.4 10.6 8.7

Table I: Benchmark models compatible with B/C data [17].
Both ’min’ and ’max’ are clearly disfavored by radio data
(towards the galactic anticenter, averaged over 10◦).

Here, we will set the grey-body factor ε to 1.
The galactic magnetic field has an average strength

of O(µG) [13]. We will assume that it is constant out
to a distance L from the galactic plane and completely
vanishes beyond this. While the magnetic field in real-
ity most likely has a much more sophisticated structure
[14], we motivate our choice by the diffusion model that
we adopt and the fact that we are only interested in an
average, large-scale description of radio data above the
galactic plane. For our analysis, we take into account
absorption of synchrotron photons by both thermal elec-
trons and ions from a possible hot gas component in the
disk [15]. Synchrotron self-absorption is another poten-
tial effect, but for B ∼ µG it becomes numerically im-
portant only for frequencies below 1 MHz [16] where it is
however dominated by free-free absorption. For negligi-
ble absorption, and an electron distribution following a
power law, dne/dE ∝ E−γ , Eqs. (1-3) tell us that also
the synchrotron intensity follows a power law, Tb ∝ ν−α,
with a spectral index α = (γ + 3)/2.

Galactic electron population.— The transport pa-
rameters of the two-zone diffusion model introduced in
Ref. [5] are determined from the B/C analysis and corre-
spond to the size of the diffusive halo of the Galaxy L, the
normalization of the diffusion coefficient K0 and its slope
δ (defined by K = K0βRδ, where R = p/q is the rigidity),
with a rather strong degeneracy between the allowed pa-
rameters. Diffusive reacceleration and convection, while
crucial for the nuclei analysis, have been shown to be only
mildly relevant for lepton fluxes [10] and for the sake of
simplicity we will therefore not take them into account
here. In this seminal analysis, we will mainly refer to the
three benchmark propagation models shown in Table I;
among all models compatible with B/C data, these were
shown to give the minimal, medium and maximal flux
in antiprotons, respectively, that is expected from dark
matter annihilations in the galactic halo [17].

High energy electrons are produced in galactic accel-
eration sites such as supernova remnants (SNRs) and
pulsars (primary electrons); another possible origin are
hadronic interactions of galactic protons and helium nu-
clei with the interstellar medium (secondary electrons).
We calculate the primary e− flux from SNRs following
Ref. [11] and the subdominant secondary e± component
as described in Ref. [10]. For the energy losses, we take

Figure 1: Observed radio fluxes vs. frequency. The thick solid
line represents the best fit for synchrotron radiation from an
electron population with dne/dE ∝ E−γ1 (dne/dE ∝ E−γ2)
for E <Ebr (E >Ebr); the dashed lines indicate the effect of
changing the best-fit value Ebr = 3.9 GeV. The thin solid line
shows a fit with ∆γ = 1.1; see text for further details.

into account inverse Compton scattering off the interstel-
lar radiation field, as well as synchrotron, bremsstrahlung
and ionization losses in the interstellar medium [8].

Comparison to radio data.— Starting from the 1960s,
several groups have performed large-area radio surveys in
the frequency range from about 1 MHz to 100 GHz; for
an extensive list, we refer the reader to Ref. [18]. In this
reference, the surveys at 0.010, 0.022, 0.045, 0.408, 1.42,
2.326, 23, 33, 41, 61 and 94 GHz were transformed to
galactic coordinates and pixelized. In Fig. 1, we show
the north and south pole at these frequencies, with the
isotropic CMB component removed and averaged over a
circular region with 10◦ in diameter.

At these frequencies and latitudes, the dominant
source of the radio signals should be synchrotron radi-
ation (except for the excess seen in the 94 GHz band
which is probably due to spinning dust [19] and which
we will not consider in the following). From the data,
one can clearly distinguish two regimes with a different
power-law behavior in frequency – which directly trans-
lates to the necessity of a corresponding break in the
spectral index of the galactic electron population. As
also shown in Fig. 1, this indeed provides an excellent fit
to the data (note that the sharp break in the electrons be-
comes smoothed because we take the full expression (1)
for the synchrotron power rather than the often adopted
monochromatic approximation); the best-fit values for
dne/dE are a break in the spectral index ∆γ = 1.57+0.2

−0.25

at Ebr = 3.87+1.43
−1.17 GeV, with γ2 = 3.45+0.15

−0.15 above Ebr.
Here, we chose a fiducial value of B = 6µG; a different
value would simply change the location of Ebr and the
(arbitrary) overall normalization (by a factor ∝ B2), but
not the functional dependence on ν.

Such an electron distribution is actually also in rather
good agreement with the observed CR electron fluxes

Very similar pattern also at other frequencies:
(10 ° average towards anticenter; 
  normalization/ magnetic field as free parameter to minimize      )χ2

“min” and “max” strongly disfavored!

At frequencies               , synchrotron contribution 
reproduces radio data significantly worse
(bremsstrahlung contributions from molecular clouds and pulsars/SNRs !?)

ν � 2 GHz
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A lower bound on      is quite important for indirect 
DM searches using antiprotons!

L 8

FIG. 7: The χ2 is featured as a function of the diffusive halo thickness L. Black squares, green big circles, red smaller circles
and blue dots correspond to a neutralino mass mχ of 10, 20, 30 and 40 GeV, respectively. At fixed neutralino mass mχ,
each point is associated to a specific combination of the galactic propagation parameters yielding a good fit for the B/C ratio.
Panels a, b and c respectively correspond to cases A), B) and C) defined in the text. The upper horizontal line indicates the
discriminating χ2 value above which the fit to the low-energy antiproton data is no longer acceptable. The lower horizontal
line corresponds to the χ2 calculated with the secondary component alone for the median configuration of Tab. I.

section ξ2 < σannv >0 is minimal and rescaling is max-
imal. The antiproton signal is at its weakest level and
we do not expect low-energy antiproton data to be very
constraining. Panel c of Fig. 7 indicates nevertheless that
a 10 GeV neutralino is excluded provided that the diffu-
sive halo thickness L exceeds 2.5 kpc. Should L be larger
than 10 kpc, the limit rises to 20 GeV. That panel shows
also to what extent cosmologically subdominant neutrali-
nos with a mass in the range 20 GeV <∼ mχ <∼ 40 GeV
escape conflict with present data. A potential distor-
tion is difficult to unravel from the antiproton spectrum
given the available observations because error bars are
too large. Actually, Fig. 9 and 10 feature respectively
the primary antiproton flux of a 10 and 20 GeV neu-
tralino (blue long-dashed curves) in the case C) of max-
imal rescaling together with the conventional secondary
component (blue dotted lines). The cosmic ray propa-

gation configurations that have been extracted from the
panel c of Fig. 7 – a (black) square if the neutralino mass
is 10 GeV or a (green) big circle when mχ is twice as
large – lie on the upper horizontal line for which the
fit to the low-energy antiproton data yields a χ2 value
of 60. Below an antiproton kinetic energy of ∼ 1 GeV,
the global signal represented by the (red) solid curves is
slightly shifted upwards with respect to the secondary
spectrum whereas above 1 GeV, both spectra are identi-
cal. Richer samples of experimental data are a necessary
condition for disentangling a supersymmetric signal from
background secondary antiprotons. The spectrum of the
latter suffers nevertheless from theoretical uncertainties –
cosmic ray propagation and nuclear cross-sections – that
need to be further reduced in order to make antiproton
measurements a useful probe for cosmologically subdom-
inant neutralinos in the 10 to 30 GeV range.

This is particularly relevant for low-mass WIMPs
(c.f. claimed DM signals in direct detection or from the galactic center...)

Bottino et al., hep-ph/0507086 

See also TB, 0911.1124; Lavalle, 1007.5253

excluded

mχ = 10GeV

mχ = 30GeV

mχ = 40GeV
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E.g.: break in electron power spectrum can be inferred at Ee ≈ 4 GeV
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Synchrotron radiation allows to directly measure 
the interstellar electron distribution
independent of solar modulation effects
E.g.: break in electron power spectrum can be inferred at 

Radio data can be described in simple diffusion 
models consistent with cosmic ray observations

Can be used to lift degeneracies from B/C analysis and 
further constrain propagation parameters

Ee ≈ 4 GeV

Lower limit on height of diffusive halo has profound 
implications for indirect dark matter searches
resulting constraints (in particular for light DM!) should be taken 
into account for a consistent picture


