Astronomy Bizarre Wheeler
309N Fall 2006 November 27, 2006
(50480, 50485)
Review for Test #4
Gamma-Ray Bursts, and Cosmology

Gamma-ray bursts — flashes of gamma-ray energy detected by satellites. They occur about once per day and last about
30 seconds.

Distribution in space — the gamma-ray bursts occur randomly all over the sky, so they are not associated with our Galaxy.

Optical Counterparts — discovered only in 1997, these allow gamma-ray bursts to be associated with other phenomena.
They are in galaxies at cosmological distances.

After-glow — fading radiation in radio, optical, and x-ray lasting for weeks or months after main burst, collision of ejected
material with matter surrounding the star.

Gamma-ray bursts occur in star-forming regions in spiral galaxies, so associated with massive, short-lived stars and hence
core collapse.

The energy of a gamma-ray burst is focused in a jet moving at near the speed of light, with an energy comparable to a
supernova.

GRB030329 — Gamma-ray burst in March of 2003 proved that at least this burst was associated with a Type Ic
supernovae. Several others have been associated with Type Ic since then.

The most popular idea is that gamma-ray bursts represent the birth of black holes, but the birth of magnetars is also
considered.

Swift satellite — new satellite to discover and study gamma-rays bursts launched November 17, 2004.

ROTSE Telescopes — network of 4 robotic, fast response telescopes, one at McDonald Observatory, to study the optical
afterglow of gamma-ray bursts.

Gamma-ray bursts and cosmology - gamma-ray bursts are so bright they might be the first objects observable as stars first
began to form and die at the end of the “Dark Ages” after the Big Bang cooled off.

Short, hard bursts - recent evidence that they are somewhat less bright than “regular” gamma-ray bursts, are not associated
with supernovae, and are not associated with regions of young stars. One idea is that they are inspiralling binary neutron
stars.

Big Bang — the initial expansion of the Universe from a condition of very high density and temperature (“singularity”).

Expansion of the Universe — space expands and pulls all distant galaxies apart with a speed that increases with distance.
There need not be a 3-D center, a 3-D edge nor a 3-D outside to our 3-D Universe.

Age of the Universe is about 13.7 billion years, determined from the distance to supernovae (and other things) and the
velocity of recession as measured by the Doppler shift.

Traditional Types of Universes — “flat” infinite in extent, will expand forever approaching zero velocity; “open” infinite in
extent, will expand forever at a finite velocity; “closed” finite in extent and volume, will recollapse (neglecting Dark
Energy).

Dark Matter — the vast majority of the gravitating material in the Universe emits no detectable radiation and is not, nor has
ever been, composed of “ordinary” gravitating matter as we know it composed of protons, neutrons and electrons.



Clumping of Dark Matter was critical to convert smoothly spread matter into clumps and hence the galaxies and stars we
see today.

Supernovae as sign posts — comparing the apparent brightness to the known intrinsic brightness allows a measure of
distances.

Type la supernovae — brightest, best current tool for measuring distances. Exploding white dwarf in a binary system.

Accelerating Universe — measurement of supernovae has suggested that the expansion of the Universe is not decelerating
at all at the current time, but accelerating.

Dark Energy— if the Universe is accelerating, there seems to be an extra force associated with empty space. In the context
of Einstein’s theory of gravity, this force could be provided by the cosmological constant. Physically, this quantity is
associated with an energy of the vacuum of space, a Dark Energy that anti-gravitates.

Composition of the Universe — about 2/3 Dark Energy, about 1/3 Dark Matter, only about a few percent “ordinary”
matter.

Shape of the Universe — flat in three dimensions. The sum of the Dark Energy, Dark Matter and “ordinary” matter is
exactly right, within observational uncertainty, to render the Universe flat. Theory suggests it is essentially exactly flat.

Recent result from supernovae — the accelerating phase took over from the earlier decelerating phase about five billion
years ago.

With the Dark Energy, the Universe could expand to become a dark void, everything could be pulled apart in a Big Rip, or
the Universe could recollapse to a singularity.



