
1

Searching for ring-like 
structures in the CMB

Melissa López1,2, Pietro Bonizzi3, Kurt Driessens3, Gideon Koekoek4, 
Jacco de Vries4, Ronald Westra3

1. Institute for Gravitational and Subatomic Physics (GRASP), Utrecht University, the Netherlands

2. Nikhef, Science Park 105, 1098 XG Amsterdam, the Netherlands

3. Department of Data Science and Knowledge Engineering,Maastricht University, Maastricht, the

Netherlands.

4. Department of gravitational waves and fundamental physics, Maastricht University, the Netherlands

June 2021, presented at Cosmology from Home 2021



Motivation
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o Current dominant theorey: ΛCDM

o Goal: to search for ring-like anomalies in the CMB

o Context: Conformal Cyclic Cosmology (CCC) by Sir Roger Penrose

What are the dynamics of the very early and very late Universe?



Brief introduc/on to Conformal Cyclic Cosmology
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ΛCDM CCC

o What happened before the Big Bang?
o What will happen after the infinite expansion?

Conformal geometry preserves 
angles while loosing the notion of scale
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Early Universe Late Universe

1. Big Bang à very high temperature and velocity!

2. Massless particles (General Relativity) 

1. Supermassive black holesà swallow most of the
mass

2. Massless particles (mass fade out assumption) 

Scale invariant!

Observational implications

1. Supermassive black hole mergers

2. Hawking evaporation

?

?

?

Energy and 
matter𝒰 ℬℋ

Energy𝒮ℬℋ 𝒰

tim
e

CCC is cyclic. Can we measure observables from the previous aeon 
in the current one?



What are Hawking points?
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Cosmic Microwave
Background (CMB)

Cosmic Gravitational
wave Background (CGB)

Next aeon

Previous aeon
HPs are ring-like structures in the CMB and CGB. 

How big? Upper threshold 𝒓𝒐𝒖𝒕 < 0.035 rad in the CMB.

𝐷
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110 artificial HPs in simulated CMB
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A HPC and a NHPC from real CMB map (Planck 2018)
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HPs are very negative. How much? We don’t know



How do we measure HPs?
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Data preparation

Scan all sky maps Pre-defined center c

Pre-defined size (𝑟$% , 𝑟&'()

Distributions 𝑀)$*(c, 𝑟$% , 𝑟&'()

Simulated data (Planck 2018 + CAMB)

Real data (Planck 2018)

𝑀+,-.(c, 𝑟$% , 𝑟&'()

Statistical tests
𝐻𝑜𝑤 𝑟𝑒𝑙𝑖𝑎𝑏𝑙𝑒 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑚𝑎𝑝𝑠?

𝐴𝑟𝑒 𝐻𝑃𝑠 𝑎𝑏𝑠𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝐶𝑀𝐵?

Sim. data

Real data

Calculate slope and
Pearson coefficient (PC) 



How reliable are the simulated maps?
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Sim. data

Test reliability of the simulations (region 𝒓𝒐𝒖𝒕 ≥ 0.035 )

No HPs (theoretically)

HPs (theoretically)

Real data

Null hypothesis: equal

Alternative: very different m (slopes/ PC)

m (slopes/PC)

Outer



Are HPs absent in the CMB?
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Sim. data

Test absence of HPs (region 𝒓𝒐𝒖𝒕 < 0.035 )

No HPs (theoretically)

HPs (theoretically)

Real data

Null hypothesis: no HPs

Alternative: HPs
m (slopes/ PC)

m (slopes/PC)

Outer



Results with Kolmogorov-Smirnov test
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𝑃@A 𝜇(𝑃@A) ± 𝜀(𝑃@A) at 95% CI

Reliability (region 
𝑟BCD ≥ 0.035)

Absence (region 
𝑟BCD < 0.035)

𝜇(𝑃@A) ± 𝜀(𝑃@A)

Null

Set 𝛼 = 0.01 for KS test

Expect 𝜇(𝑃!") >> 0.01Obtain 𝜇(𝑃!") < 0.1

Reject

Expect 𝜇(𝑃!") < 0.01Obtain min(𝜇(𝑃!")) = 0.19

Accept

Mismatch between Sim and Real data

Sim. data

Real data



Are HPs anomalies in the CMB?
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We consider many HPs, …

m m

… but what if they are anomalies?

For a certain 𝛼

Negative tail

• If 𝑚+,-. inside lower tail: “Hawking point candidate” (HPC)

• If 𝑚+,-. outside lower tail: “No Hawking point candidate” (NHPC)

𝑅𝑎𝑡𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑃𝐶

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠
(%)
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At 5% significance level

Annulus in red: interesting locations from An, D. et al. 2020 Monthly Notices of the Royal Astronomical Society.

Annulus in blue: our special locations

!""#$%&'()*



14

Conclusions:
• Mismatch between real data and simulated data
• HPs seem to be very rare.
• Good performance with artificial data set (see arXiv:2105.03990)

Future work:
• Understand the mismatch between real and simulated data
• Understand the imprint mechanism in the CMB and the CGB
• Apply methodology to CGB

https://arxiv.org/abs/2105.03990
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