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angular power spectrum of cosmic microwave background
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Tabie 1. Statistical measures applicd to galaxies and numernical simulations of structure formation
Category Statistic Name Reference
Particle positions I frl Two-point correlation function Pechles 1980 I
Pik) Power spectrum Bertschinger 1992
I3, Three-point correlation fanction Giroth & Peebles 1977
Biky, ka, kq) Hispectrum Pechles 1980
M+ N N-point correlation functions and momenis Pechles 1980
Po(V, PV Void probability function, cell counts White 1979
Percolation, minimal spanning tree statistics Coles 1992

Multifractal statistics
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Figure 5 1In the 1980s, Peebles introduced statistical analysis into cosmology studies'®
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Founding father of modern cosmology—James Peebles

Bin Hu

Astronomy Department, Beijing Normal University, Beijing 100875, China
E-mail: bhu@bnu.edu.cn

The Nobel Prize in Physics in 2019 has been jointly awarded to James Peebles, Michel Mayor and Didier Queloz for
their work in furthering our understanding of the universe. One half of the prize was awarded to Peebles for “theoretical
discoveries in physical cosmology”, and the other half to Mayor and Queloz for “the discovery of an exoplanet orbiting a
solar-type star”. Compared with the latter two laureates, the award to Peebles is more like to his whole scientific career
accomplishments. His major research topic covers cosmic microwave background (CMB) and cosmic large-scale struc-
ture formation (LSS).

As the oldest photons we can observe, the cosmic microwave radiation forms a uniform background and fills in all
space. It is an electromagnetic radiation remnant from the very beginning stage of big bang universe. It is born in the re-
combination epoch, when the universe is just 380 thousand years old. Compared with our current universe age, namely
13.8 billion years, the former can be called infant phase of our universe. Before recombination epoch, our universe is
filled in opaque baryon-photon plasma. The mean free path of the background photons is very small. The relativistic
Compton scattering and non-relativistic Thompson scattering frequently happened. Our universe is almost a hot black
body. With the expansion, our universe is adiabatically cooling. After the recombination epoch, the free electrons and
protons form into neutral hydrogen. The CMB photons start to free streaming until they hit into our radio detectors. It
experiences most of the evolution history of our universe. Although it is very faint, it carries fruitful information of the
early stage of our universe.

In CMB field, together with his collaborators, Peebles firstly predicted the existence of the background radiation rem-
nant after the hot big bang. Their calculated CMB temperature (3 K) excellently agrees with the observational results
from Penzais and Wilson in 1965. In 1970s, together with his student, Peebles firstly built the acoustic oscillation theory
of the cosmic hot plasma, which is the basic theory of the anisotropy of CMB and baryonic acoustic oscillation in LSS.
They firstly calculated the angular power spectrum of the CMB anisotropy.

According to modern theory of astrophysical structure formation, stellar are organized into galaxies, which in turn
form galaxy groups, galaxy clusters, superclusters, sheets, walls and filaments, which are separated by immense voids,
creating a vast foam-like structure, namely “cosmic web”. 1980s, Peebles turned to study the formation of the dark matter
halos and galaxies. His pioneer works link the physical processes of the early universe with the late-time galaxy for-
mation theory. He made significant contributions to the linear growth theory of the large-scale structure. He firstly intro-
duced the statistic analysis idea into the cosmological data analysis. Due to the writer’s research field is also the theoreti-
cal cosmology, in this paper we will share our view of Peebles’s contributions to the modern cosmology.

Nobel Prize, cosmology, cosmic mircowave background, cosmic large scale structure formation
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