.
=
»
. . 2
-
» ’ !

The Cosmic Microwave Background

Michael Mistretta, QuarkNet, July 2014, Johns Hopkins University

Abstract

My goal is to analyze the Cosmic Microwave
Background, critically examine anisotropies in the
Images released by Cobe, WMAP, and Planck
determine what these anisotropies signify about the
early stages of the universe. By looking at essentially
the afterglow of the big bang, we can learn more about
the birth of the universe and potentially improve upon
thesis such as the theory of inflation. Recent releases
by the BICEP-2 Collaboration contain potential
evidence of gravitational waves which could lead to a
refined model of the Inflation theory

ISSUES
Temperature Fluctuations

‘ldeally the radiance of the CMD would be uniform;
recent advancements.have shown that-this_| not t
case. i

Lensing W
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‘The photons emitted by the CI\/ID\ﬁa -«@:
billions of light-years before reaching our te --\.a
‘Q
and satellites and can be led off track as they pas
through strong gravitational forces from different
galaxies. This lensing must be corrected before
analysis can be completed

Foreground Pollution

-Being billions of light-years away, the CMB has \\
various astronomical bodies in front of it. In order to
observe the CMB and receive useful data, the
foreground must be removed.
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SOME KEY TERMS

Blackbody- an idealized body which absorbs all incident radiation no
matter what wavelength. It emits as much or more than a body of the same
temperature isotropically.

Cosmic inflation- The rapid expansion of space at a rate much faster than
the speed of light. The inflationary epoch lasted from lasted from 1073
seconds after the Big Bang to about 10733 or 10732 seconds.

Gravitational Waves- expansion and contractions in space itself
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In May of 2014 BICEP 2 released the above,
claiming to have found evidence of

stages of the universe.
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E-mode B-mode

AII of the light ermana ‘W’ \rom th Bis
polarized, but how its po rlzed is important.
Density, scalar, perturbatl produc only

E-mode polarization. Grawtatlonal waves, or
tensor perturbations produce bobk\E and
B-mode. -

¥ gravitational waves In the CMB, which would
:j{,m show direct evidence of inflation in the early [

BICEP-2 reported a surprisingly larger value for the
ratio of gravitational wave fluctuations to fluctuations
caused by perturbations in the density of matter at
about .20 ,which Is significantly different from the
previously estimated value from WMAP and Planck
which was >.11. This shows that inflation may have
occurred earlier than models had previously
predicted. The timing of Inflation can also inform
researchers of the energy scale of the universe
during inflation. The new ratio provided by BICEP-2
supports the unification theory, as the energy level
appears to be on the same scale as all of the natural
forces excluding gravity, suggesting that they all
must have been unified at some point. These finding
- are narrowing the list of plausible inflationary

| models.
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My Plans For Advancement

| plan to continue to research the CMB in order to further
understand how the physicists and researchers are reaching
the conclusions that they have been able to reach using
Information from the CMB. | am going to continue to read
through the papers being published by those who are
scrutinizing these discoveries and how the researchers are
responding to scrutiny. | would like to gain better

understanding on how these researchers have been able to
obtain such immense certainty in their findings. | also will be
researching how the CMB is being used to obtain information

on other aspects of the universe such as the existence and
properties of dark matter.
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