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Non-Gaussian Cold Spot

• A non-Gaussian cold spot has 
been found in WMAP with 
SMHW 

• Many papers have been written 
on possible origins for the cold 
spot: e.g.
– Foreground subtraction 

errors
– SZ effect
– Intrinsic non-gaussianity
– Integrated Sachs-Wolfe 

effect (ISW) by local voids
Vielva, P., Martinez-Gonzalez, E., Varreiro, R. B., Sanz, J. L., Cayon, L. 2004, ApJ 609, 22

Cruz, M., Martinez-Gonzalez, E., Vielva, P., Cayon, L. 2005, MNRAS 356, 29



  

A Closer Look

Cruz et al. 2007



  

The NVSS Survey

 What will we see if we look at NVSS in the area of the cold spot? 

1.4 GHz survey
of the Northern Sky
with the VLA 13’



  

Hole in the NVSS
• Area of the cold spot is also the  

“coldest spot” in the NVSS @ 
several resolutions 

• Spot is at the extreme end of the 
brightness distribution, but still 
part of the distribution



  

NVSS “Dip”

CLAIM: 
This observation lends supporting evidence to the theory that the WMAP 
cold spot is a local effect created by the late integrated Sachs-Wolfe effect

The brightest sources in NVSS tend to be found around 0.5<z<1.0



  

Review of the late ISW effect
• A CMB photon will change 

energy as it traverses a 
potential well if that well 
evolves during the transit. 

• In linear theory, Φ = Φ(t) 
only when the Cosmological 
Constant or Dark Energy 
dominates the energy density 
(z < 1, “late” ISW)

• Detection of late ISW effect 
in a flat universe is direct 
evidence of dark energy
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How Do We Detect It?
• ISW hard to disentangle 

from CMB power 
spectrum alone

• If the potentials are 
decaying at late time, 
the ISW should be 
correlated with the 
matter distribution in 
the local universe 

• Cross-correlate the 
CMB with tracers of 
local mass

Crittenden, R. G., Turok, N. 1996, PRL 76, 575



  

Previous Detections
• Correlation was attempted with 

COBE data & NVSS, but was 
unsuccessful

• With WMAP, many authors have 
found positive correlations with 
different tracers of the local mass 
distribution: e.g.

• SDSS (Peiris & Spergel 2000)
• HEAO-1
• NVSS 

– Boughn & Crittenden 2003
– Nolta et al. 2004
– Pietrobon, Balbi,& Marinucci 2006
– Vielva et al. 2006
– McEwen et al. 2006,2007

Boughn & Crittenden 2003

      Correlation with hard X-ray background as seen 
by HEAO1.  Green lines are correlations of the X-
ray map with 100 independent Monte Carlo 
realizations of the CMB with the same power 
spectrum as the WMAP data



  

CMB Mass distribution at z < 1 Observed CMB at z=0 

NVSS survey – traces mass distribution
WMAP- CMB anisotropies

Simple Picture for the Cold spot

Should be correlated 



  

Correlation Between the NVSS and 
WMAP

McEwen et al. 2006, 2007



  

Isolated Regions of Strong 
Correlation

• In effect, a detection of the ISW effect has 
already been made in this region

“Cold Spot”

McEwen et al. 2006



  

How Large of a Void 
is Needed?

• We can do an order of magnitude calculation to find the 
size of the void need to create the “cold spot”

• If we assume δ = -1 and z = 0.5-1.0, we calculate that a 
~280 Mpc void is need. 

• Void statistics done so far find that the probability of 
finding a 280 Mpc void is ~5x10-10

• Second order effects could change the size of the void(s) 
needed Inoue & Silk astro-ph/0612347



  

Void Statistics 

• Although such a void seems very unlikely given the current void 
statistics, such large scales have not been investigated either in 
observations or simulations Hoyle & Vogeley 2004

Average: δ = -0.94±0.02; R=(15.61±2.84) h-1 Mpc 



  

Conclusions
• An observed dip in the number of bright radio 

galaxies in the NVSS toward the direction of the 
WMAP cold spot makes the ISW effect a likely 
explanation for its non-Gaussian temperature 

• The apparent consequence is the need for a ~280 
Mpc local void 

• We can now see the effects of Dark Energy 
working on individual regions, not just through 
cross-correlation studies
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