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The integrated Sachs-Wolfe effect in a nutshell
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 Late imprint on the Early CMB 
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How to measure the ISW effect?

Figures by S. Nadathur
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Alternative: stacking on super-structure positions

Credit I. Szapudi
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A related tension (?)

• Higher-than-expected signal from 
SDSS super-structures 

• If real, hard to interpret in ΛCDM 
given other precise constraints 

• Not plausible to resolve with typical 
alternative cosmologies 

• Several follow-ups, simulations, 
theoretical papers 

• Look elsewhere effect? A posteriori 
bias? 

• One should also see a real excess 
elsewhere in the sky
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4.4σ detection
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The next step: Dark Energy Survey data
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The next step: Dark Energy Survey data
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How do we find voids? How can we test them?
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How do we define supervoids?
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How do we define supervoids?
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Measurement technique

• Blind analysis using simulations 

• Optimization of the void catalog 

• CMB cutouts at void locations 

• Re-scaling to void radius 

• Stacking in simulations and in data 

• Comparison of ΛCDM predictions with 
data
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The stacked signals in simulation and DES Y3 data

No noise

x Planck
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Kovács et al. 2019

MNRAS Vol 484, Issue 4, p. 5267-5277 or arXiv:1811.07812
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Constraints on the ISW “amplitude"

Low amplitude

High amplitude

Multipoles
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Radial profiles from the stacked images
+extra tests
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Kovács et al. 2019

+WMAP Q,V,W: same resultsNull tests passed +BOSS DR12: similar results
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Main result: joint fit using DES Y3 and BOSS DR12
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Kovács et al. 2019

Tension
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AvERA: a possible solution (?)

Rácz et al. 2018:  
the Hubble tension can be explained
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Average Expansion Rate Approximation
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ISW in the Millennium XXL: AvERA vs. ΛCDM

• MXXL halo mock on a lightcone out 
to z=2.2 (Smith et al. 2017) 

• Beck et al. 2018 constructed a ray-
traced ISW map for this simulation 
(but using a different starting point) 

• My idea: use the lightcone mock’s 
center for the ISW ray tracing 

• Then find supervoids and stack 

• The AvERA ISW signal is not 
directly accessible 

• Scaled growth history as seen in 
other AvERA simulation runs
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Kovács et al.  
in prep.
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The stacked imprint of Millennium XXL supervoids

Kovács et al. in prep.

 AvERA vs. ΛCDM
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• The AvERA models shows good 
agreement with BOSS+DES observations 

• More work is needed to figure out the 
role of void definition
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Summary

• the DES Y3 data probes the ISW effect 
in a new window 

• previous excess signal in BOSS is 
confirmed with more data 

• New simulation results indicate that 
the ISW tension is plausibly related to 
the Hubble tension 

• The AvERA model offers an interesting 
new way to test these hypotheses 

• Future: opposite-sign ISW at z>1.4 in 
AvERA (eBOSS, DESI, Euclid)
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Thanks to collaborators: the DES team, especially Carles Sánchez (void finding) and Juan García-Bellido (theory)
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AvERA and the CMB Cold Spot - a bonus

• debate if the CMB Cold Spot and 
the Eridanus supervoid are in 
causal relation 

• Same problem: ΛCDM models 
predict 4-5 times smaller signal 
than the observed CMB profile 

• the CMB Cold Spot is consistent 
with the coldest spot in the AvERA 
ISW map
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Extra slide - covariance matrices and map filtering

András Kovács (IAC) - akovacs@iac.es

Kovács et al. 2019

mailto:akovacs@iac.es

