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We present new observations at 33 GHz, with the superextended configuration of the Very
Small Array (VSA), of a very deep decrement in the cosmic microwave background (CMB)
temperature, discovered in a previous survey in the Corona Borealis supercluster by the former
extended configuration of the VSA 1. These observations successfully confirm the presence of
this strong and resolved negative spot at −41± 5 mJy beam−1 (−258± 29 µK). Our analyses
reject the primordial CMB as an explanation for this decrement at a level of 99.81 per cent.
Therefore, an alternative explanation is required. We show that a possible one is an SZ effect
generated in a diffuse, extended warm/hot gas distribution. This hypothesis is especially
relevant, as the presence of such structures, if confirmed, could provide the location for a
significant fraction of the missing baryons in the Local Universe.

1 Introduction

The baryon density in the local Universe, derived from the total budget over the well-observed
components 2 is a factor ≈2 lower than at high redshift, inferred through independent methods,
namely big bang nucleosynthesis 3, the Lyα forest 4 and the cosmic microwave background
5. The results of hydrodynamical simulations 6 indicate that a substantial fraction of these
missing baryons could be located in the so-called ‘warm/hot intergalactic medium’ (WHIM).
This is a very diffuse gas phase, arranged in sheet-like or filamentary structures connecting
galaxy clusters, with temperatures 105 ≤ T ≤ 107 K, typical baryon overdensities in the range
δρB/〈ρB〉 ∼ 10−30, and length scales of the order of 10 Mpc. Several attempts have been made
to detect the WHIM, mainly by looking for its possible soft X-ray emission 7 or by identifying
UV absorption lines in the spectra of more distant sources 8. The Sunyaev-Zel’dovich (SZ) effect
has been proposed, and in fact used 9, as an alternative tool to look for this hidden matter.
Despite of its low baryon overdensities (compared to those present in the richest galaxy clusters,
where the SZ is detected) the WHIM structures are likely to build up a significant SZ signal
thanks to its large scales.

In this context, we decided to carry out observations at 33 GHz with the VSA extended
configuration in the direction of a supercluster of galaxies, where the WHIM is likely to be
located. Among those known superclusters of galaxies in the declination range observable by
the VSA we selected the Corona Borealis supercluster (CrB-SC), relying on the relatively high
X-ray luminosity of its member clusters and on the absence of bright radio sources that could



contaminate our observations. These observations on the CrB-SC revealed the presence of an
extremely deep negative feature, which we called “decrement H”, with a flux density −103 ±
10 mJy beam−1 (−230 ± 23 µK) and coordinates RA= 15h22m11.47s, Dec.= +28◦54′06.2′′

(J2000), in a region with no known clusters 1. Our analyses ruled out, at a level of 99.6%, a
primary CMB anisotropy as a mechanism producing this decrement. This led us to consider a SZ
effect, generated either by an unknown galaxy cluster or by a large-scale filamentary structure
consisting of warm/hot gas. The former possibility is disfavoured by the large angular size of the
decrement, which could only be generated by a nearby cluster. On the other hand, the absence
of significant X-ray emission in the region of the decrement set constraints on the physical
characteristics of the hypothetical filamentary structure, making it very unlikely that it could
generate such a big SZ decrement on its own. Therefore, we considered as the most plausible
hypothesis a combination of a negative primary anisotropy and an extended SZ effect.

These observations were later complemented by others in the same region with the MITO
telescope at 143, 214 and 272 GHz 10. These observations confirmed the presence of the decre-
ment H in the three frequency channels, including the 214 GHz one, near the null of the SZ
spectrum. This indicate that a mechanism different than the SZ effect may be involved here.
The analyses of these data, in conjunction with the VSA map at 33 GHz, support the hypoth-
esis of a combination of a primary CMB anisotropy with an extended SZ effect, the relative
contribution of the latter component being 0.25+0.21

−0.18.

Here we present the results of observations carried out in the direction of the decrement H
with the newly superextended configuration of the VSA, which has a factor ≈2 finer angular
resolution than the extended configuration used in the previous VSA observations. A paper have
been written presenting these observations and have been submitted for publication in mnras.

Here, in Section 2 we give a very brief description of the VSA interferometer. In Section 3
we describe the observations and present the maps. Finally, Section 4 includes the discussion
about the possible origins of the decrement and the main conclusions.

2 The superextended VSA

The VSA is a 14-element heterodyne interferometer, tunable between 26 and 36 GHz with a
bandwidth of 1.5 GHz, sited at the Teide Observatory in Tenerife, at an altitude of 2400 m.
This experiment is operative since 2000, and have been carrying out mainly primordial CMB
observations ever since. It has also been used to perform other kind of observations, such as
galactic foregrounds or SZ effect. It has observed in three different sets of antennas. The
current one, so-called “superextended configuration”, has the finest angular resolution, with a
1.◦2 FWHM primary beam, and a ≈7 arcmin FWHM synthesized beam.

Next to the main array is situated the two 3.7-m source-subtractor (SS) antennas for simul-
taneous monitoring of radio sources, providing fluxes at 33 GHz on these sources, which are then
subtracted from the main array data. This is a two-element interferometer giving a resolution
of 4 arcmin in a 9 arcmin field.

A detailed description of this experiment and of the data reduction procedure can be found
in Watson et al. (2003).

3 Observations and maps

The observations were carried out mainly during the periods: i) October and November 2005;
and ii) May and June 2006. Most of the observing time was spent on the coordinates of the
minimum decrement found in the extended array observations. We also defined five additional
pointings to produce a final mosaic covering a total area of 3 deg2 around decrement H. In
order to identify radio sources in the region we extrapolated to 33 GHz the fluxes of all the



sources found in the NVSS–1.4 GHz and GB6–4.85 GHz catalogues at distances closer than 1.◦2
from the pointing centres. We then selected for observation with the SS all the sources with
extrapolated fluxes higher than 18 mJy at 33 GHz. The measured fluxes were then used to
apply the source-subtraction to the data.
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Figure 1: cleaned maps of the region of decrement H obtained with the VSA superextended configuration. Left:
map of the pointing centred on decrement H. In order to enhance the large angular scales of the decrement, a
Gaussian taper of σ = 150λ in the uv plane has been applied. The circle indicates the primary beam FWHM
(1.◦2) of the CrB-Hspot pointing. Right: mosaic built up from the six pointings. The units of the grey-scale
shown in the top bar are mJy beam−1. The synthesized beam FWHM is shown in the bottom-left corner of each

map.

The cleaned and source-subtracted final maps of the individual pointing centred on the
position of decrement H and the mosaic are shown in Fig. 1. Decrement H is clearly detected
(signal-to-noise level of 8), with a peak negative flux density −41 ± 5 mJy beam−1 (with a
7.7×6.5 arcmin2 beam; brightness temperature of −258±29 µK) at RA= 15h22m11.47s, Dec.=
+29◦00′06.2′′ (J2000). These results represent a successful confirmation, from a completely
independent dataset, of the previous detection with the VSA extended configuration. Both
measurements agree to within 1.3σ.

4 Discussion and conclusions

In order to assess the possible contribution from the primordial CMB to this deep decrement, we
carried out 15000 simulations in the visibility plane, adding to each three components: primordial
CMB, thermal noise and residual radio sources below the subtraction threshold of 18 mJy. In
Fig. 2 we show a logarithmic plot of the histograms of pixel values inside the primary beam
1.◦2 FWHM from the 15000 simulations (dotted curve) in comparison with the corresponding
distribution of the real data (solid curve). For negative fluxes below ∼ −20 mJy beam−1 the real
data show a clear excess with regards to the simulations, caused by the presence of decrement
H. The percentage of realizations in which the minimum CMB flux value is below that found in
the real map is 0.19%. Although a factor of two lower, this value is of the order of that obtained
when the equivalent study was applied to the extended configuration data 1.

We computed in the simulations the standard deviations of all pixels within the primary
beam FWHM in order to estimate the confusion level introduced by each component, finding:
σCMB = 6.6 mJy beam−1, σn = 4.8 mJy beam−1 and σsour = 2.5 mJy beam−1. Adding these



in quadrature we obtain σ = 8.6 mJy beam−1, from which we conclude that decrement H is a
4.8σ deviation.

Figure 2: Histogram comparing the flux distribution inside the 1.◦2 FWHM of the primary beam in the 15000
simulations (dotted curve) and in the real data (solid curve). We also show the 1σ error bars of the simulations

(shaded region).

These results clearly highlight the non-Gaussian nature of this decrement, and show that
it is unlikely to be caused by a primordial CMB fluctuation. As the possibility of an unknown
galaxy cluster seems implausible (see above), the hypothesis of a large filament pointing towards
us is reinforced. However, a short filament located inside the CrB-SC and with an electron
temperature within the typical WHIM range (0.01–1 keV), cannot account itself for the total SZ
signal without a significant X-ray emission. We may therefore consider that the total decrement
could be a combination of a negative primary anisotropy and an SZ effect. For instance, a
filament along the line-of-sight, with a length similar to the depth of the CrB-SC, electron
temperature Te ∼ 0.6 − 0.8 keV and baryon overdensity of the order δρB/〈ρB〉 ∼ 1000 − 1200
would account for the half of the total decrement without a significant X-ray emission.

In conclusion, this study reinforces the conclusions previously addressed 1. We are confident
that our measurements do show an excess decrement with regard to the primordial CMB. To
explain this decrement we require an SZ effect, probably generated in a large-scale WHIM struc-
ture. If confirmed, this would have been the first detection of an SZ effect from these structures.
This necessarily would encourage searches for similar structures in other superclusters by other
CMB experiments. If they are found, then a significant fraction of the missing baryons in the
Local Universe will have been identified.
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