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Abstract: Galaxy clusters are prime candidate sites to search for gamma-ray emission either from cosmic ray
interactions and/or dark matter annihilation. Despite extensive searches no gamma-ray emission could be traced to
any galaxy cluster. Recently claims of extended γ-ray emission found in the Fermi/LAT data from the Virgo galaxy
cluster were reported in [1]. They attributed the putative γ-ray emission to dark matter annihilation. In more recent
works by a high number (4-7) of newly identified point sources was suggested to explain the ”extended” γ-ray
excess [2, 3]. Here we present a detailed study of the Virgo region conducted by the Fermi/LAT collaboration. We
show that the excess can be described by either an extended source offset from the Virgo galaxy cluster center or
by a high number of point sources inside or in the vicinity of the extended source. We compare both scenarios
and find a new model for describing the Virgo region. Furthermore, we use this better model to derive limits on
possible gamma-ray emission from dark matter annihilation in the Virgo cluster.
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1 Introduction
Galaxy clusters are the largest gravitationally bound forma-
tions in the universe. From observations we know that they
contain a very significant amount of dark matter (DM). DM
is often interpreted as the lightest supersymmetric particle
i.e. the neutralino which would self-annihilate into several
easier observable products which will also produce γ-rays.
These γ-rays can be detected by ground based or satellite
borne detectors. The advantage of observing the γ-rays is
that they point back to their source and thus enable us to
identify the origin of the signal. Several different predic-
tions about the expected γ-ray signal from DM annihilation
in galaxy clusters exist and all of them predict unobservable
γ-ray fluxes for the current generation of γ-ray detectors
unless the DM is not smoothly distributed but clumped (see
for example [4, 5]). This clumped DM distribution boosts
the expected gamma-ray flux into well observable regimes
for Fermi/LAT. Currently we do not know much about the
exact shape and abundance of the substructure in the DM
haloes of galaxy clusters but several numerical N-Body sim-
ulation predict their existence [6, 7]. The current genera-
tion of simulations does not have enough mass resolution
to predict the abundance and distribution of the small mass
scale clumps which are important to determine the exact
boost factor expected from the substructure of the DM halo.
Current models extrapolate below the mass resolution limit
of the simulations to estimate the abundance of the small
clumps and thus obtain a boost factor. Depending on the ex-
trapolation method boost factors range from a few hundred
to a few thousand [4, 5].

The closest galaxy cluster is the Virgo cluster. The
distance to the cluster center is about 15.4 Mpc and the
assumed γ-ray emission profile form DM annihilation
stretches across several degrees of the virgo constella-
tion [8]. This large extension makes the search for the γ-ray
emission a very difficult challenge for Fermi/LAT.

Recently an analysis of Fermi/LAT data claimed some
evidence for DM annihilation in the Virgo cluster [1].
However, more refined analysis, taking into account the
incomplete point source background model used by [1]
showed that the evidence could be attributed to newly
identified point sources in the Virgo region [2].

Here we present a much more comprehensive analysis
of the whole Virgo region not concentrating only on the
cluster center as the previous works.

2 Analysis of very extended sources
We use the Science Tools version v9r28p0. We selected
only γ-rays and removed observations where the field of
view came too close to the earth (ZA < 100◦) to evade γ-
ray contamination generated by cosmic rays hitting the
earth’s atmosphere. Furthermore, we restricted our anal-
ysis to the 100 MeV to 100 GeV energy range. We use
the P7SourceV6 response function and the gll iem v02.fit
model to account for the interstellar γ-ray emission caused
by cosmic rays interacting with gas or dust in our galaxy.
This inter stellar emission model (iem) is our standard iem
provided by the Fermi/LAT collaboration for point source
analysis. The isotropic γ-ray emission is accounted for by
the isotropic iem v02.txt model. We performed a binned
LogLikelihood analysis with 30 energy bins and choose our
region of interest to be 20◦×20◦ and divided in 0.1◦ bins.
A counts map of the ROI is shown in Fig. 1.

The most important caveat when searching for very ex-
tended sources such as the γ-ray signal from DM annihi-
lation is the uncertainties associated with the inter stellar
emission model (iem) provided by the Fermi/LAT collabo-
ration. This standard iem is only provided to analyze point
sources and might not be suitable for analyzing degree scale
objects albeit its potential for moderately extended sources
was recently demonstrated [9]. Indeed when looking at a γ-
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Figure 1: Integral counts map between 100 MeV and 100
GEV of the 20◦×20◦ Virgo ROI. Clearly visible are several
bright point sources while possible very extended emission
can not be seen by eye.

ray map of the standard iem of the virgo region (see Fig. 2)
several distinct features are visible and not a smooth fea-
tureless map. These features are caused by Loop I a very
pronounced large scale structure measured in HI and radio
waveband [10] and other clouds of H gas. The uncertain-
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Figure 2: Integral model counts map between 1-1.25 GeV
of the standard interstellar γ-ray emission model. Clearly
visible are several bright features in the γ-ray emission
which lead to a very structured counts map. This demon-
strated that even for extragalactic regions the iem can be
very important when searching for very extended emission.

ties from the measurements of these gas densities and the
assumption about the cosmic ray density in their direction
yield a wide parameter range for the correct description
of these galactic foregrounds. Especially important is the
consideration of relative intensity errors or missing γ-ray
emission due to the lack of the usual tracers of gas densi-

ties such as HI and CO2. These uncertainties can not be
taken into account by leaving the normalization of the iem
model free in the LogLikelihood fit. To get an estimate of
the influence of our special choice of the iem we produced
8 more models using the GALPROP code [11]. A more de-
tailed description of these models can be found in [12, 13].
These models do not bracket the standard iem but are rather
realizations of different parameters in the iem. The main
purpose of these additional models is to investigate the sta-
bility of very extended source searches within our limited
knowledge about the inter stellar γ-ray emission. Such a
study is required when searching for sources on the several
degree scale.

3 Search in the Virgo cluster
We first try to investigate the claim from [1] and for this
purpose we use the standard iem and the 2FGL catalog
sources [14]. We leave all sources within 5◦ of the Virgo
cluster center free to vary in normalization and spectral
index in the LogLikelihood fit. We find that a uniform
disk with a radius of 3◦ and a simple power law spectrum
produces the best improvement when fitting the Virgo
region. Applying the LogLikelihood ratio test by comparing
the region LogLikelihood fits with and without the disk
yields a test statistic [15] of T S = 18.2 where σ =

√
T S

gives the corresponding significance. While the discovery
of a new point source would require at least a T S > 25 the
value for a very extended source might be even higher to
correspond to the same significance level as in the point
source case. We therefore search at 288 randomly selected
regions of the sky at high galactic latitude (> 20◦) for
the same extended sources and obtain a T S distribution
which does not yield any T S > 18. So a T S of 18.2 is not
significant enough to claim a source. On the other hand
our search at random positions shows that the standard iem
describes well enough the extragalactic sky so that such
high T S values occur not regularly.

Further investigation of the Virgo region was conducted
by scanning the Virgo region with the disc profile on a 0.5◦
grid around the center of the cluster. This T S map yielded
a peculiar region of several degrees extension which had
high T S values (see Fig. 3). A more refined T S map with
0.2◦ spacing revealed that indeed two broad T S maxima
are visible and that the position of the highest T S value
is clearly offset from the galaxy cluster center. This study
demonstrates that the putative γ-ray excess is not compatible
with the expected position of a DM annihilation signal. To
identify the origin of the unusual excess we repeated the
analysis with the 8 alternative iems. The results show that
the significance of the disc excess depends strongly on the
chosen iem. Where only few of the iems yield significant
excesses while most of them allow only a marginal excess
of less than 3σ .

4 New Point Sources
Another alternative explanation for the excess at the clus-
ter center was presented by [2] and later adopted by [3].
According to their studies a set of new point sources not
included in the 2FGL catalog would be responsible for the
excess of the extended profile at the cluster center. However
their analysis do not agree on the number of new sources
nor on the significances. Spectral parameters and other
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Figure 3: T S map with 0.5◦ binning of the Virgo ROI when
adding a uniform disk profile with a radius of 3◦ and a
power law spectrum to the model. The high T S values in
the lower left corner indicate that there might be additional
very extended emission offset from the cluster center (black
diamond).

source characteristics were not derived. We performed a
point source search in the Virgo region and will present our
results and put them in context with the other works. Espe-
cially the identification of multi wavelength counter parts
and the effect of the point sources on the off center excess
found in our extended source search will be discussed.

5 Conclusion
We demonstrate that the putative DM annihilation excess
found by Han et al. ([1] )is not compatible with the expecta-
tions of such a signal. Instead we show that the γ-ray excess
is clearly offset from the cluster center and that it might be
due to a mismatch between our standard iem and the real
diffuse γ-ray emission. This would be not surprising since
the standard iem was never developed to search for such
large and very weak sources as attempted here. We further
discuss the possibility of new point sources that can explain
the excess as well.
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G., Orlando, E. and Digel, S. W., ArXiv e-prints 0907.0559
(2009)

[12] Ackermann, M. et al, ApJ 750 (2012) 3
[13] de Palma, F. , Brandt, T. J.,Johannesson, G. and Tibaldo, L.

for the Fermi LAT collaboration, ArXiv e-prints 1304.1395
(2013)

[14] Nolan, P. L., Abdo, A. A., Ackermann, M. et al., ApJS 199
(2012) 31

[15] Mattox, J. R. et al, ApJ 461(1996) 396


	Introduction
	Analysis of very extended sources
	Search in the Virgo cluster
	New Point Sources
	Conclusion

