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Motivation

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

o Current dominant theorey: ACDM
o Goal: to search for ring-like anomalies in the CMB

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



2cm
45°
/
space sections .
may be finite \
or infinite ,:!f WE are
\_/> / somewhere 4 cm
. 1 Inflation? around here
time Nt visible »
| on this A_((‘Big Bang -
scale

Conformal geometry preserves

_ angles while loosing the notion of scale
o What happened before the Big Bang?

o What will happen after the infinite expansion?
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1.

2.

Early Universe

Late Universe

1. Supermassive black holes—> swallow most of the

Big Bang = very high temperature and velocity! mass
2. Massless particles (mass fade out assumption)

Massless particles (General Relativity)
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CCC is cyclic. Can we measure observables from the previous aeon Hawking evaporation L] ) }}

in the current one? N T




What are Hawking points?

Cosmic Microwave
Background (CMB)

Cosmic Gravitational
wave Background (CGB)

Years after the Big Bang
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HPs are ring-like structures in the CMB and CGB.
How big? Upper threshold r,,;, < 0.035 rad in the CMB.
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110 artificial HPs in simulated CMB

Temperature (K)

—— 2-D Gaussian
- Portion used
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A HPC and a NHPC from real CMB map (Planck 2018)

Temperature as a function of distance and correlation -0.7562 Temperature as a function of distance and correlation -0.02392
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HPs are very negative. How much? We don’t know
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Sim. data

Data preparation

Simulated data (Planck 2018 + CAMB)

Real data (Planck 2018)

Scan all sky maps

Pre-defined center c

Calculate slope and
Pearson coefficient (PC)

Pre-defined size (7i,, Tpye)

Distributions

Msim (Cr Tin, rout)

Mreal (C: Tin» rout)

Statistical tests

How reliable are the simulated maps?

Are HPs absent in the CMB?
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Are HPs absent in the CMB?

Outer radius vs inner radius
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Results with Kolmogorov-Smirnov test

PKS > ‘Ll(PKs) + E(PKs) at 95% Cl

Real data

Set a = 0.01 for KS test

Reliability (region Absence (region
Tout = 0.035) Tour < 0.035)
H(PKS) + E(PKS) Obtain u(Pgs) < 0.1 Obtain min(u(Pks)) = 0.19
Null Reject Accept

Mismatch between Sim and Real data [’/ } :
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Are HPs anomalies in the CMB?

We consider many HPs, ... ... but what if they are anomalies?

For a certain «

~ >
" /

Negative tail

* If m,.,; inside lower tail: “Hawking point candidate” (HPC)

* If m,.4; outside lower tail: “No Hawking point candidate” (NHPC)

Rate — number of HPC Y /
are = total number of locations (%) B
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D. et al. 2020 Monthly Notices of the Royal Astronomical Society.

Annulus in red: interesting locations from An

Annulus in blue: our special locations
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Interesting locations for Pearson coefficients r for Commander
At 5% significance level

-498.926




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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