The picture shows the balloon as it is being released to carry the Boomerang experiment on its epic 10.5 day trip over Antarctica.  This experiment was built and flown by UCSB professor John Ruhl and colleagues at UCSB and a number of institutions from the US and Europe.  The purpose of the experiment was to get a high angular resolution map of the universe at a time about 300,000 years after the big bang.  The experiment was fabulously successful resulting in a much better understanding of the early universe and the geometry of space-time.  First results were presented in April 2000 based on a small fraction of the data. New  results just presented April 2001 provide very strong confirmation of current ideas of the big bang expansion.  So how does one take a snapshot of the universe at an age of 300,000 years?

During its first few hundred thousand years, the universe was hot and dense enough that atoms did not exist; instead, the universe was filled with an ionized plasma, primarily consisting of photons, protons, and electrons. The expansion of the universe cooled the plasma, eventually
enough that the photons could no longer keep the plasma ionized, and Hydrogen was able to form. The universe then transformed from an opaque plasma to a clear gas, and the photons that were present simply continued to fly through space: we see those photons today, and call them the Cosmic Microwave Background, or CMB.

The CMB was discovered in 1965; for decades, researchers have been trying to map its brightness across the sky to learn about density variations in the early universe. These density variations are reflected in tiny temperature variations, just a part in 105 in the average temperature of 2.73 degrees Kelvin.  To measure these variations the Boomerang collaboration flew a telescope with a 1.2 meter primary mirror and a bolometric detector array at an altitude of 120,000 feet to get above atmospheric water vapor. The detector array was cooled to 0.28 K and had angular resolution of about 0.17 degrees with four frequecy channels from 90 to 400 GHZ.  The 10.5 day flight circumnavigated the pole, riding the stratospheric polar vortex, and was brought down within 30 miles of the launch pad. 

In the past year, there have been two major steps forward in CMB research, led by results from Boomerang. For about 30 years, the simplest (and preferred) cosmological models anticipated that acoustic oscillations in the primordial plasma would imprint their signature on the CMB sky. Oscillations of all wavelengths would be occurring in the plasma, but a coherent phase relationship between them would lead the CMB, which provides a snapshot of those oscillations at a particular time, to have brighter variations on some particular scales. In fact, it was predicted that if the universe were characterized by a flat geometry, there would be a dominant scale of roughly 1 degree on the sky, with harmonics appearing at very approximately one degree, 1/2 degree, 1/3 degree and so on. If the geometry of the universe were not flat, the fundamental "tone" and its harmonics would shift slightly in angular scale.

In April, 2000, the Boomerang team released the first detailed image of the microwave background; this image had enough sensitivity and angular resolution to precisely measure the dominant angular "scale" of the brightness variations of the CMB sky, ie the fundamental tone. These results indicated that the universe is essentially flat and, combined with data from distant super novae, as shown in the second figure, favor a repulsive cosmological constant (a positive 

value of    ).    One year later, in April 2001, the team reported results of a more complete analysis that used over ten times the data contained in the initial paper.  These results, shown as a function of  Legendre polynomial index in figure three, showed distinctly the first and second harmonics of the fundamental tone, setting the hypothesis of acoustic oscillations in the primordial plasma on a rock-solid experimental footing.

Just as the harmonic overtones of a musical instrument characterize the difference between a flute and a violin, so the harmonic overtones of the primordial plasma can be used to understand the physical makeup of the universe. The team was able to use their data to show that spacetime is flat, to measure the density of baryons in the universe, and to use a new method that bolsters the growing case for the actual existence of Einstein's fabled cosmological constant.

What's next? Boomerang heads to Antarctica again in December 2001, this
time to search for the polarization of the CMB. For more information on Boomerang visit www.physics.ucsb.edu/~boomerang/.









