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The CMB Cold Spot

Discovered in WMAP data and confirmed by Planck
Cold Spot 0.5% unlikely (Cruz et al. 2006), ∆T ' −70 µK
extends at least 5◦, and up to 15◦ on the CMB
explanation ranges from textures to statistical fluke or a
supervoid...
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Supervoid origin of the Cold Spot
Imprints of superstructures - Granett et al. (2008)

Inoue & Silk (2007): ∼ 200h−1Mpc void with δ = −0.3
could imprint the CS via linear ISW

To evaluate the NVSS brightness properties of the cold spot,
we compared it with the distribution of median brightnesses in
two strips from this all-sky map. The first strip was in the north,
taking everything above a nominal Galactic latitude of 30!. (More
precisely, we used the horizontal line in the Aitoff projection tan-
gent to the 30! line at l ¼ 180!.) The second strip was in the south,
taking everything below a nominal Galactic latitude of #30!, but
only for 10! < l < 180!, to avoid regions near the survey limit
of ! ¼ #40!. The minimum brightness in the cold-spot region
($20 mK) is equal to the lowest values seen in the 16,800 deg2

area of the two strips and is $30% below the mean (Fig. 3).

Formally, the probability of finding this weakest NVSS spot
within the $10! (diameter) region of the WMAP cold spot is
0.6%. This a posteriori analysis thus is in agreement with the sta-
tistical conclusions of McEwen et al. (2007) that the NVSS prop-
erties in this region are linked to those ofWMAP.We also note that
themagnitude of the NVSSdip is at the extreme, but not an outlier
of the overall brightness distribution. We thus expect that less ex-
treme NVSS dips would also individually correlate with WMAP
cold regions, although it may be more difficult to separate those
from the primordial fluctuations.

The NVSS brightness dip can be seen at a number of reso-
lutions, and there is probablymore than one scale size present. At
resolutions of 1!, 3.4!, and 10! we find that the dip is $60%,
30%, and 10% of the respective mean brightness, respectively.
At 10! resolution the NVSS deficit overlaps with another faint re-
gion about 10! to the west, while the average dip in brightness
then decreases from #14 mK (at 3.4!) to #4 mK.

The dip in NVSS brightness in theWMAP cold-spot region is
not due to some peculiarity of the NVSS itself. In Figure 4 we
compare the 1! convolved NVSS image with the similar-reso-
lution, single-dish 408 MHz image of Haslam et al. (1981). This
408 MHz all-sky map is dominated in most places by Galactic
emission, and was used by Bennett et al. (2003) as a template for
estimating the synchrotron contribution in CMB observations.
On scales of 1!, the fluctuations in brightness are a combination
of Galactic (diffuse) and extragalactic (smeared small source) con-
tributions. In the region of the cold spot, we can see the extraga-
lactic contribution at 408 MHz by comparison with the smoothed
NVSS 1.4GHz image. Note that although there is flux everywhere
in theNVSS image, this is the ‘‘confusion’’ from the smoothed con-
tribution of multiple small extragalactic sources in each beam,
whereas the 408 MHz map has strong diffuse Galactic emission as
well. Strong brightness dips are seen in both images in the region of
the WMAP cold spot, with the brightness dropping by as much as
62% in the smoothedNVSS; in the 408MHzmap, this is diluted by
Galactic emission.

To look more quantitatively at the source density in the cold-
spot region, we measured the density of NVSS sources (inde-
pendent of their fluxes) as a function of distance from the cold

Fig. 1.—50! field from smoothed NVSS at 3.4! resolution, centered at l ¼
209!, b ¼ #57!. Values range from 9.3 mJy beam#1 (black) to 21.5 mJy beam#1

(white). A 10! diameter circle indicates the position and size of the WMAP cold
spot.

Fig. 2.—Aitoff projection of the NVSS, centered at l ¼ 180!, b ¼ 0!, showing the median brightness in sliding boxes of 3.4!. TheWMAP cold spot is indicated by the
black box. Closer to the plane, large dark patches arise from sidelobes around strong NVSS sources.
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at z = 4.614. Most objects at z < 0.5 were primarily identified
through their [O III] emission, and those at 0.5 < z < 1.1 primarily
from [O II] emission. Although these could in principle be identified
from [O III] emission out to z ∼ 1, the strong fringing and relatively
poor red sensitivity of the detectors meant that the [O III] doublet
was not the primary means of redshift confirmation beyond z ∼
0.5.

3 RE D S HIFT D IS TR IBUTION

The redshift distribution of the 734 objects at z < 1.1 is presented
in Fig. 2. The distribution is shown for a bin size of !z = 0.01
and duplicated having shifted the bin centres by half a bin width.
The signature of a ∼300-Mpc self-compensating void is a gap (or
at least a significant lack of redshifts) in a region of size !z ∼ 0.05
or more, and spikes in the redshift distribution either side of that
void, from the ‘walls’ of galaxies that mark out the perimeter of
the structure. No such features are seen in this redshift distribution.
At z < 0.35, the comparatively small number of objects in this
distribution may mean that such a structure could be hidden by small
number statistics, but out to z < 1 where there are several tens or
over a hundred of galaxies per 0.1 in redshift, the lack of an obvious
gap or strong deficit in the distribution is clear and significant.
This data set rules out an unusually large void connecting these
six pointings. The redshift distributions of the individual pointings
were examined in order to determine whether a large void could be
present in a subset, see Fig. 3. Again, no obvious gap of significant
size exists in common across a subset of the pointings.

On smaller scales, there are several redshift bins that show a
deficit of sources across all pointings in one or both of the binnings.
Only one pointing contains an object with a redshift in the range
0.775 < z < 0.785 and so this could potentially represent a coherent
void across a large area of sky, albeit one that was a sheet-like system
oriented in the plane of the sky. However, it could also be that this
deficit is purely down to the statistics and there is no coherent
structure connecting the pointings. To test for this, we can generate
a comparison sample from spectroscopy of VVDS objects. This
spectroscopy was obtained using VIMOS in essentially the same
configuration as was used for our survey.

Figure 3. A plot of the declination and redshift of each source contributing
to Fig. 2. There is no coherent large gap in the redshift distribution common
to a subset of the fields that could be attributed to a void large enough to
produce the cold spot signature.

The publicly available VVDS data include spectroscopic cata-
logues for three completely independent pointings on the sky sepa-
rated by tens of degrees (VVDS-CDFS, VVDS-DEEP and VVDS-
F22), with spectroscopy in all three regions reaching to at least IAB =
22.5 (LeFevre et al. 2004, 2005). We selected four areas the size
of our individual points, one each from VVDS-CDFS and VVDS-
DEEP, and two (separated by over a degree) from the larger area
VVDS-F22 field. We selected 175 galaxies from each of these four
areas, drawn from sources flagged as either >90 per cent secure
redshifts or single line redshifts, the closest match to our selection.
We repeated this process several times in order to generate sample
redshift surveys with approximately the same number and quality
of redshifts as in our survey, albeit drawn from four as oppose to
six patches of sky. Three of the four patches are so far apart no
coherent three-dimensional structure could connect them. Of the
two that were closer together, there was no expectation of such a
structure connecting them, the posited void towards the cold spot
ought to be a unique structure on that scale.

Figure 2. The redshift distribution of the sources in the six fields. Each bin has a width of 0.01 in redshift and the distribution is displayed twice, the second
time with the binning offset by half a bin width. The expected signature of a self-compensating void large enough to produce the cold spot temperature
decrement through the ISW effect is an absence of redshifts across several consecutive bins and sharp spikes in the distribution at either edge of the gap. No
such feature is seen.
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Discovery of a supervoid
Q1: is there a low density region (supervoid) in the CS region?
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Explanation for the Cold Spot
Q2: how was the Cold Spot imprinted?

linear ISW model? No.
non-linear LTB model? Yes.
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Left: 2D projected density profile vs. non-linear LTB void
Right: the red curve is the prediction for the CMB
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Supervoid catalogs and simulation
Q3: how rare is this supervoid?

typical matter fluctuation at 200h−1Mpc scales is
σ200 ≈ 0.04, thus our measurement is a ≥ 3.5σ fluctuation
we see one more similar underdensity in WISE-2MASS
something is missing in simulations...
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