
The dynamics of energetic electron precipitation
during substorms

Utilization of the remote sensing technique of X rays

by
Nikolai Østgaard

A thesis submitted to the Department of Physics, University of
Bergen, in partial

fulfillment of the requirements for the degree of Doctor Scientarium

University of Bergen
September 1999

Front page: Global X-ray image from PIXIE, February 9, 1997, accumulated from 1920-1925 universal time (UT) in the energy
range from 9.9 keV to 19.7 keV. PIXIE is onboard the Polar satellite, launched February 24, 1996 (NASA).





Thesis Preface III
This thesis is the result of a three years Dr. Scient. grant from the Norwegian Research
Council of Norway. This thesis would not have been possible without significant help from a
number of people; Especially I wish to thank my supervisor Johan Stadsnes, who proposed the
project to the Norwegian Research Council of Norway and who has supported and inspired me
during this study. Both Johan Stadsnes and Jon Bjordal, the Co-Investigator of the PIXIE
instrument in Bergen, have experience with X-ray detectors for more than 30 years, and without
their insight and enthusiasm about the PIXIE instrument, the development of software and
image processing that was implemented by Elisabeth Thorsen and myself, would not have been
possible.

I also want to thank Dr. Stein Håland for initiating the multi-satellite study which is a part of
this thesis and for many valuable discussions. Gard Skauge, besides being a good friend has
contributed with his software skills. I also want to thank the rest of the employees and students
in the Space Science group at the Department of Physics, University of Bergen for support and
helpful discussions.

I also want to thank Dave Chenette, the former Principal Investigator of the PIXIE
instrument at Lockheed-Martin Advanced Technology Center, Palo Alto, California for having
me three months collaborating with his PIXIE group in the beautiful and sunny environment of
California. Thanks to Mike Rinaldi, Mike Schultz, Dayton Datlowe, Jeff Tobin, Steve Petrinec,
John Pronko and Daryl Carr for their hospitality and friendliness.    Thanks to George Parks at
the University of Washington who also invited me for a week stay with his UVI group in
Seattle. Special thanks to Mitch Brittnacher for his hospitality and scientific support.

Richard Vondrak and Steve Cummer at Goddard Space Flight Center in Maryland have also
been of great help, both during my short stay at Goddard and by discussions and evaluation of
the scientific results of this thesis.

And at last but not least, I certainly want to thank my family and closest friends for
persistently getting along with me, during these three years of hard work.

Bergen, September 1999 Nikolai Østgaard



IV Thesis Layout
In order to have a continuous paginating and to some extent a uniform lay-out I have used
the last submitted camera-ready copy for each paper. As the papers are published in different
journals, some of the formats are not similar, e.g., both Figure 1 and Fig. 1 are used; and both
Robinsonet al, (1989), Robinson et al, [1989] and [Robinson et al, 1989] are used. Using the
last camera-ready copy also enables us to show the figures and plates in larger sizes than you
will find in the journals.

However. all the papers are carefully examined to be true copies of the published papers
regarding text, captions, tables, figures, plates, etc.

Bergen, September 1999 Nikolai Østgaard



Thesis Contents V
Monograph. The dynamics of energetic electron precipitation during
substorms

N. Østgaard
1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2. Global remote sensing techniques in substorm studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
3. Previous studies of energetic electron precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4. Pulsaur II rocket experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
5. Global X-ray imaging by PIXIE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6. Conclusion and further study  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

Paper 1. Simultaneous measurements of X rays and electrons during a
pulsating aurora

N. Østgaard1, J. Stadsnes1, K. Aarsnes1 and F. Søraas1

K. Måseide2

M. Smith3

J. Sharber4

Published in Ann. Geophysicae 16, 148 - 160, 1998
1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2. The rocket experiment and launch conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3. Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4. The models  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
5. Applying the model to our study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6. Calculation of electrons from X-ray measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
7. Discussion and conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Paper 2. Global-scale electron precipitation features seen in UV
and X rays during substorms

N. Østgaard,1 J. Stadsnes,1 and J. Bjordal1

R. R. Vondrak2 and S. A Cummer2

D. L. Chenette3

G. K. Parks4 and M. J. Brittnacher4

D. L. McKenzie5

Published in J. Geophys. Res., 104, 10,191 - 10,204, 1999
1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2. Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3. Observations and Interpretation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
4. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5. Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Paper 3. Magnetospheric and ionospheric response to a substorm:
Geotail HEP-LD and Polar PIXIE observations

S. Håland,1 N. Østgaard,1 J. Bjordal,1 J. Stadsnes,1 S. Ullaland,1,2

B. Wilken,3

T. Yamamoto,4,5

T. Doke,6

D. L. Chenette,7

G. K. Parks,8 M. J. Brittnacher,8

G. D. Reeves9

Accepted for publ. in  J. Geophys. Res., May 1999



VI Thesis Contents
1. Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57
2. Instrumentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
3. Observations: Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
4. Interpretation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64
5. Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66
6. Summary and Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68

Paper 4. Global X-ray emission during an isolated substorm - A case study

N. Østgaard,1 J. Stadsnes,1 and J. Bjordal1

R. R. Vondrak2 and S. A. Cummer2

D. L. Chenette3 and M. Schulz3

G. K. Parks4 and M. J. Brittnacher4

D. L. McKenzie5

J. G. Pronko6

Submitted to J. Atmos. Terr. Sol. Phys., Special issue, July 1999
1. Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71
2. Observations and Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
3. Conclusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .78

Paper 5. Localized maximum of X-ray emission in the morning sector
caused by drifting electrons

N. Østgaard,1 J. Stadsnes,1 and J. Bjordal1

R. R. Vondrak2 and S. A Cummer2

D. L. Chenette3 and M. Schulz3

J. G. Pronko4

Submitted to J. Geophys. Res., September 1999
1. Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81
2. Instrumentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82
3. Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82
4. Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .92
5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93

Technical Report. PIXIE data processing at the University of Bergen
N. Østgaard,1 J. Bjordal,1 J. Stadsnes,1 E. Thorsen1

Scientific/Technical Report No 1999-05, Dept. of Physics, University of
Bergen, ISSN 0803-2696, May 1999

1. Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .97
2. Count Rate Corrections  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .99
3. Detection Efficiency and Energy Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .99
4. Accumulation and Identification of Background Count Rates. . . . . . . . . . . . . . . . . . . . . . .101
5. Correction of the Non-linear Effects  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .101
6. Large Scale Factors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104
7. Center Pixel of the Focal Plane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104
8. Spatial Resolution and Statistical Errors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .106
9. Some Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .106
10. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .108


	Paper 1. Simultaneous measurements of X rays and electrons during a pulsating aurora
	Paper 2. Global-scale electron precipitation features seen in UV and X rays during substorms
	Paper 3. Magnetospheric and ionospheric response to a substorm: Geotail HEP-LD and Polar PIXIE ob...
	Paper 4. Global X-ray emission during an isolated substorm - A case study
	Paper 5. Localized maximum of X-ray emission in the morning sector caused by drifting electrons
	The dynamics of energetic electron precipitation during substorms
	Utilization of the remote sensing technique of X rays
	by Nikolai Østgaard
	A thesis submitted to the Department of Physics, University of Bergen, in partial fulfillment of ...
	University of Bergen September 1999



