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The plan for today:

• What is the Cosmic Microwave Background (CMB)?

• Cosmology today.

• Some predictions and assumptions: Gaussianity.

• The current picture.

• Our work: the peak-peak correlation function.

• Summary and future work.
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The CMB as a source of cosmological information



Cosmology today: 
Big Bang and Inflation
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Cosmology today: 
The content of the Universe

Dark Matter
21%

Baryons
5%

Radiation

Dark Energy
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Gaussianity
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Searching for a signal
Testing the Gaussian Hypothesis

Estimator
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The current picture



The current picture



Our work: the peak-peak correlation function
Non-Gaussianity in the WMAP data using the peak-peak correlation function 7
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Figure 7. ∆ξC(θ) for the WMAP map high-pass filtered with
different values of #cut.

sian maps, there is no need to apply the initial mask. For
testing purposes, we applied both methods to a number of
Gaussian maps and found them to produce the same final
results.

For each case we construct an ensemble of 250 Gaussian
maps. We compute ∆ξH , ∆ξC , ξNH , ξNC , ξSH , ξSC, ξ̃H and
ξ̃C for all our Gaussian maps as well as the WMAP data.
Figure 12 shows convergence of ξSC and ∆ξC with number
of maps in the solid and dashed lines respectively. The same
plot also shows the convergence of the same statistics but
this time calculated in a single-frequency Q-band map (see
Section 4.5 for a single-frequency analysis). We quote all
significance levels in Table 2.

Figure 7 shows ∆ξC(θ) for some different #cut in the
WMAP data. We note that the difference between the
Southern and Northern hemispheres decreases as we remove
more and more of the low order multipoles. This could be
either due to the fact that cosmic variance alone is to blame
for the North/South difference we see, or it could be due to
the fact that whatever is causing this North/South differ-
ence is intrinsically a large scale effect.

We test the significance of each of these differences by
using χ2

NS . Figure 8 shows χ2
NS(#cut) for cold and hot spots.

We plot the distribution of χ2
NS using all the different #cut

Gaussian maps - these maps are not strictly independent
(although the statistics share the same underlying χ2 dis-
tribution over all values of #cut) so we use only the 250 in-
dependent maps at each #cut to draw conclusions about the
significance of each detection - see Section 4.7. The added
histogram over the 2000 maps can be seen in Figure 9.

We do the same test and construct identical plots for all
our statistics: ξ̃H/ξ̃C in Figure 10 and ξNH/ξNC/ξSH/ξSC

in Figure 11. The added histograms across all values of #cut

for these statistics are very similar to that shown in Figure
9.

The first point to make is that the non-Gaussianity is
consistently absent at #cut = 40: there is no evidence from
the peak-peak correlation function of non-Gaussianity on
scales with # > 40.

The most significant non-Gaussian detections come
from the cold spots in the Southern hemisphere, ξSC , at
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Figure 8. χ2
NS as a function of #cut for the WMAP data. Hot

spots in the solid (red) line, cold spots in the dashed line (blue).
The circle (blue) and the diamond (red) are the χ2 value (cold
spots and hot spots respectively) for runs with the regions of sky
within 30 degrees of the galactic plane removed (see Section 4.4).
We recall that the 99% confidence levels for a χ2 distribution of
18 degrees of freedom come at χ2 ≤ 0.42 and χ2 ≥ 1.93. See
Figure 9 for the distribution of the χ2

NS values of all Gaussian
maps.

#cut = 10 (with a value of χ2 = 3.877 and a probability for-
mally estimated to be 10−7 - see Section 4.7), where we
also find significant detections in the South-North differ-
ence for cold spots, ∆ξC (χ2

NS = 2.302), and in the aver-
age of Northern and Southern hemispheres for cold spots,
ξ̃C (χ2 = 3.011). In addition to this, we have less significant
detections at #cut = 20, 25 and 30 in ξSC (χ2 = 2.747, 2.764
and 2.756 respectively) and ξ̃C (χ2 = 2.658, 2.923 and 2.601,
see Figures 10 and 11). All of these do not appear in a North
minus South analysis. This could be simply because the sig-
nal is not significant enough to show up in such analysis (we
are roughly doubling the variance of our estimator by sub-
tracing the data of the Sorthern and Northern hemispheres).

4.4 Constraining in real space

We further investigate the origin of this detection by re-
moving extra regions near the masked galactic plane. We
work on the maps where the significance of the signal is the
strongest (those with #cut = 10), which we mask with the
extended masks: bcut30 knorth and bcut30 ksouth.

We proceed the same way as before and compute the
full set of estimators: ∆ξH , ∆ξC , ξNH , ξNC , ξSH , ξSC , ξ̃H

and ξ̃C for all our Gaussian maps as well as the WMAP
data and use the adequate χ2 statistic for each of them to
test the WMAP data for non-Gaussianity (we generate new
random catalogues whose spacial distribution follows that
of the new masks).

Figures 8, 10 and 11 show how the new χ2 values com-
pare with the ones previously obtained when we did not use
any extra galactic cut - all values drop significantly to values
which are perfectly consistent with the Gaussian hypothesis
(the most extreme value being χ2

NS = 1.46 for ∆ξC) , in-
dicating that our significant non-Gaussian detection in the
cold spots is located within 30 degrees of the galactic plane.

We found:



Summary and future work

• The Cosmic Microwave Background provides us an excellent window into the early 
Universe. 

• Inflation theories make predictions about the degree of deviation from Gaussianity in 
the temperature fluctuations.

• Current picture of the Universe heavily based on the assumption the CMB shows no 
significant deviation from Gaussianity.

• We analysed the WMAP CMB data in search for such a deviation - we found no 
conclusive evidence of a cosmological signal.

• Other results show more conclusive results, but we probably need a better data-set to 
get definite answers.

• Future WMAP data releases and the Planck satellite might provide this.


