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In their recent paper, Chan and Lee discuss an interesting possibility: radio continuum emission from a
dwarf irregular galaxy may be used to constrain upper limits on the cross section of annihilating dark
matter. They claim that the contributions from nonthermal and thermal emission can be estimated with such
accuracy that one can place new upper limits on the annihilation cross section. We argue that the
observations presented can be explained entirely with a standard spectrum and no contribution from dark
matter. As a result, the estimated upper limits of Chan and Lee are at least by a factor of 100 too low.
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Annihilation from dark matter (DM) particles may be
detected in radio continuum searches of nearby galaxies.
Searches so far have concentrated on dwarf spheroidal
galaxies because they have very little star formation and
thus no contaminating emission at radio frequencies. So far,
these searches have not provided any detection and upper
limits on the radio flux density can be converted to upper
limits on the annihilation cross section for various annihi-
lation channels [1].
A different approach was used in Chan and Lee [2], who

analyzed the radio continuum spectrum of the dwarf
irregular galaxy NGC 4214. Since this galaxy, as all dwarf
irregular galaxies, is star-forming, there is contamination
from both thermal (free-free) and nonthermal (synchrotron)
emission. In order to perform any meaningful DM detec-
tion experiment, a prior is needed on the expected radio
continuum emission. The best established prior is the radio
continuum-star formation (radio-SFR) relation. This relates
the radio continuum luminosity to the star-formation rate in
a galaxy. Using the radio-SFR relation is not an alternative
method to the one used in Chan and Lee [2] but necessary
even when looking at single galaxies. As the radio-SFR
relation, a close corollary of the radio-far-infrared relation,
is one of the most universal and tightest relations known in
galaxies [3], ignoring it in order to make claims about the
detection of DM is not justified.
In dwarf irregular galaxies, Hα emission is a very good

star-formation tracer because their dust content is low.
Independent of the distance, we expect a tight correlation
between the radio continuum flux density and the Hα flux.
This correlation is presented in Fig. 1, where NGC 4214 is
consistent with the best-fitting relation. Hence, the radio

continuum emission in NGC 4214 is entirely in agreement
with the expected value for the given star-formation rate in
this galaxy. Thus, as we would argue, this galaxy cannot
provide any meaningful upper limits for the DM annihi-
lation cross section. The main flaw in the analysis of Chan
and Lee [2] is that they assume the measured flux density
with its uncertainty as the prior for the expected flux
density. Their assumed uncertainty is only the measured
uncertainty in the radio flux density. However, such an

FIG. 1. The 6-cm radio flux density in dwarf irregular galaxies
as a function of the Hα flux. The data can be fitted by a power law
with a slope of 0.99� 0.05 in accordance with a linear relation.
The standard deviation is 0.18 dex as indicated by the shaded
region around the best-fitting line. As can be seen, NGC 4214 is
entirely consistent with the relation and no additional radio-
emitting component is needed. As we argue in the text, the radio
flux density would have to be 8× higher than what is observed to
claim a 5-σ detection. A few brighter dwarf irregular galaxies are
annotated. Data taken from Hindson et al. [4].
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approach is only valid if we do not expect any contribution
from star formation. What really determines the uncertainty
of the prior is the uncertainty in the radio-SFR relation.
The radio continuum spectrum of NGC 4214 shows the

typically concave spectral shape one expects from a
constant, nonthermal radio spectral index and an increasing
thermal fraction at high frequencies. Using the thermal
contribution from Srivastava et al. [5] Sth ¼
20ðν=0.1 GHzÞ−0.1 mJy we can fit the data of Chan and
Lee [2] (who adopted it from Srivastava et al. [5]) adding
the nonthermal contribution with Snt ¼ ð120�
25Þðν=0.1 GHzÞ−0.52�0.08 mJy with a reduced χ2ν ¼ 1.5.
We should mention that Srivastava et al. [5] caution against
using their 150- and 325-MHz flux densities, but this does
not change our conclusions. So the radio continuum
spectrum can be entirely explained with a standard thermal
and nonthermal spectrum without any contribution from
DM. This is in fact stated in Chan and Lee [2]. Hence, it is
valid to study the 6-GHz (λ6 cm) flux densities, as we have
done here.
Chan and Lee [2] fix the nonthermal and thermal

contributions and add a possible DM signal in order to
derive new upper limits for the annihilation cross section.
They assume a constant spectral index for the cosmic-ray
synchrotron spectrum and deviations from this assumed
spectrum are attributed to a DM signal. However, any
deviation from a power-law spectrum can easily be
explained by processes such as cosmic-ray injection,
cosmic-ray transport, and energy losses. These uncertain-
ties are ignored when making a fit thus invalidating claims
of a DM signal by Chan and Lee [2]. The flaw in their
analysis is that they use the error of the integrated flux
densities as the error for their 1σ DM detection signal. In
principle, the flux densities have a typical error of 10 per-
cent. Following the argument in Chan and Lee [2], adding
50 percent to the flux density, as they do, would then
amount to a 5σ detection of a DM annihilation signal. This
is shown in their Fig. 3. This is of course not correct. The
significance of the DM signal does not in this case
primarily depend on how accurately the flux densities
are measured. The dominant uncertainty lies in the
expected radio luminosity for a given star-formation rate.
Hence, what really determines the significance of the DM
detection is the deviation from the radio-SFR relation.
More specifically, the uncertainty in the nonthermal syn-
chrotron spectrum is the main uncertainty, since for the
thermal part Hα emission is an excellent proxy.

Hindson et al. [4] showed that the uncertainty for the
radio-SFR relation in dwarf irregular galaxies is only 0.2
dex, equivalent to �50 percent. Nevertheless, that means
that a 5σ detection requires a deviation of 1 dex, equivalent
to a factor of 10, from the radio-SFR relation. A similar
excess is needed for the flux densities as we show in Fig. 1.
Only if such an excess is found, one can start to speculate
about additional emission mechanisms such as a signal
from DM annihilation. In short, rather than changing the
flux density of NGC 4214 by 50 percent (≈50 mJy) for a
5σ detection, the flux density needs to increase by a factor
of 10 (≈900 mJy), a factor of nearly 20 larger. The upper
limits for the annihilation cross section would increase by
the same factor. Of course, one would then still need to look
for other sources of contamination such as from back-
ground radio galaxies, but we leave aside this complication
for now.
Another shortcoming of the analysis in star-forming

dwarf irregular galaxies is that the cosmic-ray residence
time may be limited due to outflows and winds. For NGC
4214, Kepley et al. [6] estimate a residence time of 10 Myr
as indicated by the flat radio spectral index. The corre-
sponding diffusion coefficient D ¼ ð1 kpcÞ2=ð10 MyrÞ is
with D ¼ 3 × 1028 cm2 s−1 a factor of ∼100 larger than
what Chan and Lee [2] used in their analysis. Even using a
lower value of 1027 cm2 s−1 would suppress the radio
continuum luminosity by another factor of 10 since the
cosmic-ray energy density is suppressed. Taken together,
we estimate that the derived upper limits of Chan and Lee
[2] for the annihilation cross section are by at least a factor
of 100 too low.
In summary, the complex relations that regulate the radio

continuum emission in galaxies with star formation mean
that they are not suitable for a DM search in the radio
continuum. This is particularly the case for dwarf irregular
galaxies that cannot hold on to their cosmic-ray electrons.
The resulting suppression of the synchrotron emission
leads to an increased scatter of the nonthermal radio-
SFR relation [4]. Better targets for a DM search are dwarf
spheroidal galaxies, which lack this complication.
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