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FINAL REPORT

ANALYSIS OF GAMMA-RAY BURST ENERGY SPEC'FRA

Principal Investigator: Dr. Kevin C. Hurley

Co-Experimenter: Dr. Charles D. Dermer

Abstract

This report summarizes the work carried out under LLNL Contract Number B108527,
subcontracted by the Regents of the University of California at Berkeley. The research carried out
under this contract includes assisting in the data analysis fro the Prognoz-9 _Nssion, linking results
of the computer codes to the Prognoz-9 data library in order to study the spectral shape and

evolution of cosmic gamma-ray burst energy spectra, and using the results of this study to help to
determine or constrain the physical conditions at the gamma-ray bursts sources. The results of this
work led to several publications that have shed considerable insight into the gamma-ray burst
mystery, and gives a new diagnostic for determining the nature of gamma-ray burst sources. The
outcome of this work also provides a new specmd form for studying the temporal evolution and
spectral behavior of gamma-ray bursts.

I. Introduction

Gamma-ray bursts are intense flashes of X-ray and gamma-ry emission produced by cosmic
objects whose origin remains, nearly 20 years after their discovery, a mystery. Study of
gamma-ray bursts requires balloon or satellite observations because of the absorption of gamma
rays by the atmosphere. The results of gamma-ray burst observations by the Prognoz-9 mission
are available in a data library on the hard disk of a personal computer at Berkeley Space Sciences
Laboratory. A systematic study of the spectral and temporal behavior of this library, which
contains some of the highest quality temporal infonnation available, has not yet been completed.

At Berkeley Space Sciences Laboratory and LLNL, we are performing the first systematic study of
the spectral and temporal evolution of gamma-ray bursts by using a deconvolution procedure in
which the theoretical spectra are fed through the detector response matrix of the gamma-ray burst
detector, g.uranteeing that the comparison of the theoretical spectrum with the detector count rate
response is correctly done. We have successfully deconvolved a number of gamma..ray burst
spectra using thermal bremsstrahlung, thermal synchrotron, and nonmagnetic inverse
Comptonization models of gamma-ray burst emission. By systematically studying the process of
Compton scattering in strong magnetic fields, we also propose a new spectral form for the study of
gamma-ray bursts, which is approximately described by two broken power laws.

Peter Vitello (V-Division, LLNL) and Charles Dermer have written a code that calculates the
resonant Compton scattered spectra ft'ore electrons injected into st:'ong magnetic field regions with
teragauss magnetic fields. The spectra that result from these simulations will be used to model the
Prognoz-9 data, and we are at present modifying the spectral deconvolution code to consider
spectra produced by resonant Compton scattering.

We have also proposed a new diagnostic for elucidating the nature of gamnm-ray burst sources. If
these sources are the members of binary systems, then the gamma-ray burst emission will be



reflected from the binary companion, producing an X-ray echo. By examining the light curves
such as iri the Prognoz-9 database, the existence of binary companions will be revealed through
such an echo. Such an identification would go far in enabling observers to identify optical
counterparts to gamma-ray burst sources, none of which have been positively identified (other than
the controversial 5 March 1979 gmnma-ray burst).

The progress of this program are indicated by the publications that have been supported by this
research. We list the publications below, and append the abstracts to indicate the nature of the
research.

1. "Compton Scattering in Strong Magnetic Fields and the Continuum Spectra of Gamma-Ray
Bursts: Basic Theory," 1990, The Astrophysical Journal, 360, 197.

2. "X-Ray Echoes from Gamma-Ray Bursts," 1991, with K. Hurley and D. Hartmann,The
Astrophysical Journal, in press (March 20).

3. "Resonant Compton Scattering in Models of Gamma-Ray Burst Sources: I. Theory," 1990,
with P. Vitello, in the Los Alamos Workshop on Gamma-Ray Bursts, cd. C. Ho, R.
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Modeling," 1990, with P. Vitello, in the Los Alamos Workshop on Gamma-Ray Bursts,
cd. C. Ho, R. Epstein, and E. Fenimore, in press.

5. "A Theory of Gamma-Ray Bursts Based on Resonant Compton Scattering," 1990, with P.
Vitello, submitted to The Astrophysical Journal.
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