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Poster project: 20%
Final essay: 15%
Final exam (3 hrs): 30%
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My Research: Theoretical Cosmology

1. Understand origin and early evolution of the universe.

What is the “Big Bang"?
Was there a “Big Bang"?
What was before the “Big Bang"?
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Goals of Early Universe Cosmology

1. Understand origin and early evolution of the universe.

What is the “Big Bang"?
Was there a “Big Bang"?
What was before the “Big Bang"?

2. Explain observed large-scale structure.

Patterns in the distribution of galaxies on large scales.
Anisotropies in CMB maps.

3. Make predictions for future observations.
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Our Solar System

Planets are part of our solar system.
Planets orbit the sun.
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How to determine distances within the solar system?

Motion in the sky
Parallax
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non-vanishing quadrupole moment.
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LIGO Event (Sept. 2015): Nobel Prize 2017
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What have we learned?

FIrst direct detection of gravitational waves.
Best evidence for the existence of a black hole horizon.
Best test of General Relativity close to a black hole
horizon.
First detection of a black hole binary system.
Rate of black hole binaries.
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Neutron Star Merger Discovery: August 17
2017
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Birth of Multimessenger Astronomy: August 17
2017
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What have we learned?

First detection of an optical counterpart to a direct
gravitational wave signal.
Birth of the field of Multi-Messenger Astronomy.
First multi-wavelength observation of a kilonova.
Verification that kilonovae can produce heavy elements
(like supernovae).
Stringent test of the Einstein equivalence principle.
Many alternative gravity models ruled out.
New standard candle → new way to directly measure
the Hubble expansion rate.
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Super-Massive Black Hole in the Center of the
Milky Way
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Sagittarius A* in X-Ray
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Sagittarius A* in Radio

237 / 371



PHYS 182

R. Branden-
berger

Our Place

Light and
Matter

Telescopes

Relativity

Quantum

Sun

Stars

Star Death

Our Galaxy

Chapter 10:
Galaxies and
Beyond

Chapter 11:
Cosmology
and the Origin
of Structure

Orbits of Stars about our Super-Massive Black
Hole
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Orbits of Stars about our Super-Massive Black
Hole
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Leader of the UCLA Group: Prof. A. Ghez
(Nobel Prize 2020)
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Illustration of our Super-Massive Black Hole
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Event Horizon Telescope Program
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Event Horizon Telescope Image (2019)

Note: Breakthrough Prize, 2019
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Event Horizon Telescope Image (2019)
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Milky Way Galaxy from Earth
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Milky Way Galaxy
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Side View of the Milky Way Galaxy
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Structure of the Milky Way Galaxy
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Galaxy Rotation Velocity
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History of the Universe
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Spectrum of the Microwave Background
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Star Forming Cloud
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Crab Nebula - a Supernova Remnant
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Supernova Remnant
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CAS A Supernova Remnant Spectrum
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Atomic Hydrogen Cloud
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Cold Molecular Cloud
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Optical View of the Milky Way
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Infrared View of the Milky Way
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Radio View of the Milky Way
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X-ray View of the Milky Way
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Barred Spiral Galaxy
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Elliptical Galaxy - M87
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Elliptical Galaxy - M110
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Galaxy Classification
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