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INTRODUCTION

For more than a decade, individual research groups at Goddard Space
Flight Center and the University of Maryland have participated in experiments
and observations which have led to the emergence of new disciplines. Having
recognized at an early stage the critical importance of maintaining detector
capabilities which utilize "state of the art' techniques, the two institutions
formulated a joint program directed towards this end. This program has
involved coordination of a broad range of efforts and activities including
joint experiments, collaboratiﬁn in theoretical studies, instrument design,
calibrations, and data analyéis. As part of the effort to provide a
stimulating research environment, a series Qf joint seminars on topics in
Astrophysics and Space Physics has been instituted and 1s held regularly at
the University. Many phases of the cooperative effort directly involve
facult§; reseérch associates and graduate students in the interpretation of
data which is carried out at the Goddard Space Flight Center as well as on
campus, Two aspects of this joint proéfam are particularly important. The
first is the close tie between scientists at Goddard and the faculty and
graduate students at Maryland. This has resulted, for example, in Ph.D.
thesis research for a number of graduate students and has been a vital part of
the program. The second aspect has to do with the development of advanced
instrumentation for space experiments and the cooperative analysis of data
from such experiments.

Detailed information on the research projects is available in the annual
proposals submitted for this grant. The following are summaries of studies
undertaken and progress made wunder this contract, A representative

bibliography is also included.,



UNIVERSIfY OF MARYLAND

The Space Physics Group has been involved 1in the interpretation of
observations from two low energy 1lon and electron experiments currently in
earth orbit, These experiments, designed and fabricated by the group at
Maryland, are part of the instrument payloads of the IMP 7 satellite (Explorer
47) launched in the fall of 1972 and the IMP 8 satellite (Explorer 50)
launched in tﬁe fall of 1973. These projects are under the direction of
Professor Gloeckler, the Principal Investigator, and Dr, Ipavich, the Project
pirector. Our IMP-7 and —8‘experiments constitute a unique data base of 22
spacecraft-years and is still beiﬁg actively analyzed.

The group hés undertaken several years of- participation, under Dr.
Gloeckler”s direction, in data analysis and interpretation from the Low Energy
Chargedﬁ Particle experiments on Voyagers 1 and 2 to Jupiter, Saturn and
_Uranus:fand beyond.

There has been considerable analysis of data from the Low Energy Nuclear
and TIonic Charge Detector experimentéi on the ISEE-1 and ISEE-3 (ICE)
spacecraft launched in October 1977 and August 1978, respectivgly. Professor
Gloeckler and Dr. Ipavich are among the co-investigators on these experiments
which involve international cooperation with Dr, Dieter Hovestadt of the Max-
Planck~-Institut in Garching, West Germany. These long flying, well operating
experiments continue to produce good data and many publications have resulted,
including. the Ph.D. dissertation of Dr. A.B.»Galvin, now a co-investigator
also, |

Professor Gloecklér, Principal Investigator, and Dr, Ipavich, co-
invesﬁigator, have had considerable success with an instrument developed to
measure magnetospheric ions on the Charge Composition Explorer (CCE) in the

Active Magnetospheric Particle and Tracer Explorer (AMPTE) mission. In



collaboration with the Max-Planck-Institut/Lindau and the University of
Braunschweig, both in Germany, they created the CHarge Energy Mass (CHEM)
spectrometer that is the only instrument on the CCE spacecraft to continue to
function normally all the time, since launch in August 1984. CHEM is the
first instrument ever flown to combine the detection techniques of
electrostatic deflection, time-of-flight ﬁeasurements, and total energy
measurements.

Préfessor Gloeckler, principal investigator, and Dr, Ipavich, co-
%nvestigator have been involvéd in the devélopment of an instrument to measure
the solar wind ion composition on the ESA spacecraft on the ULYSSES (Solar
Polar) mission, an international ~collaboration involving research groups in
Switzerland, Germany and Denmark, as well as Goddard and the University of New
Hampshi;e. The ULYSSES spacecraft was supposed to have been launched in 1986,
but, ofﬁcourse that has been postponed. -

Professor Mason was the Project Director at Maryland, and Professors
Mason and Gloeckler were co-investigaté;s in an international collaboration
with Caltech (PI institution), Goddard, the Max-Planck-Institut in Germany,
and the University of New Hampshire, in the development of an instrument to
measure transthermal ions on the NASA spacecraft in the Solar Polar Mission,

The development of a new and improved low energ}, large geometry factor,
particle detector system based on combining total energf measurement
techniques with a time of flight determination from secondary electron
emission measurement, is .under the direction of Professors Mason and
Gloeckler,

We reported the first measurements of very energetic (>100 keV) ot ions
in the earth”s plasma sheet using data from the UMD/MPE_ULECA sensor on ISEE-

l. Our initial analyses concentrated on data from March 4-5, 1981 (when the
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spacecraft was located at geocentric distances ~15-20 RE in the magnetotail)
and on data from the 22 March 1979 substorms investigated by the Coordinated
Data Analysis Workshop kCDAW) -6. (This latter data set allowed us to compare
the behavior of énergetic (>100 kev) 0% ions with that reported for .l to 16
kev 0% ions by the Lockheed plasma composition experiment on ISEE-1 during the
same time period.) We have since been investigating energetic O+ in
magnetospheric boundary layers,

The MPE/UMD experiments on ISEE-1 and ISEE-3 are currently being used by
the University of Maryland Sﬁace Physics Group in conjunction with the Max-
Planck-Institut in Germany in the study of the upstream particle populations.
known as the diffuse and the reflected components. Utilizing both rate and
pulse height data (primarily in the energy range of ~10 to 130 keV per
charge); we are investigating the compositions, rate profiles, spectral
_characfé;istics, and charge state distributions of these upstream particle
enhancements. Our observations are not only providing important constraints
. on proposed acceleration models for Eupstream phenomena, but are also
stimulating tﬁeorists to re-examine existing models describing shock
accele;ation in the solar system and in the interstellar medium.

Using data from the UMD/MPE ULECA sensor on ISEE-1, we are continuing
work on a statistical survey correlating diffuse ion event intensity and
anisétropy variations for 30 keV and 130 keV protons with solar wind and bow
shock parameters, In particular, we are doing a multiple regression analysis
in order to isolate the dependence of particle intensity on distance from the
bow shock, solar wind density, solar wind speed, geomagnetic activity (Kp,
Dst, AE indices), free-stream Mach number, and time of connection of the
interplanetary magnetic field with the bow shock before convection past the

spacecraft. We are also attempting to distinguish between the intensity



dependence on the angle between the magnetic field and the radial (sun-earth)
direction versus the angle between the magnetic field and the bow shock
normal,

Using simultaneous data from our experiments on IMP 7/8 (at 35 RE) and on
ISEE-1 (at 22 Rp), we are studying the spatial dependence of the intensity of
upéfream events in order to determine both the possible transport of diffuse
upstream ions into the magnetosphere and the possible leakage of plasma sheet
magnetospheric particles into the upstream region,

The MPE/UMD experiments‘on ISEE~-1 and ISEE-3 and the UMD/MPAe experiment
on CCE are being used in an extensive investigation into the charged particle
poéulations of - the earth”s radiation belts and geomagnetic tail region. The
October 1982 to December 1983 excursion of the ISEE-3 spacecraft into the far
geomagnetic tail has provided a unique opportunity for corfelated studies
,betweeﬁ"ithe two nearly identical MPE/UMD experiments on the ISEE-1 and 3
spacecraft,

We have recently completed a study ;f the low energy abundances of heavy
ion species in 3He-rich flares, using data from the ISEE~-3 ULEWAT sensor, and
the ISEE-3 VLET sensors. Our results show that the average abundances of the
heavy ion species C, 0, Ne, MG, Si, Fe are systematically enriched compared to
the composition in large solar flare events. The mést striking discovery of
this study is that the variations of the heavy ion abundances around the
average signature are almost always less than a factor of two,

With the passage of ISEE-3 {renamed the International Cometary Explorer)
through the tail of Comet Giacobini-Zinner on September 11, 1985, the ULECA
sensor on ISEE-3/ICE has obtained conclusive evidence for the existence of
energetic (35-150 keV), heavy (312 amu), singly charged cometary ions within a

distance of ~1.5x10® km from Comet Giacobini-Zinner,



Using data from the AMPTE/CCE sensor we have‘identified all atomic charge
states of Oxygen from ot1 (which originates in the earth”s ionospherre) to ot8
(which originates in the solar corona). We have also discovered large
quantities of Nt ions at very high energies (above 100 keV); the behavior of
these ions will provide information not only on acceleration processesvin the
ionosphere but also on the chemistry of-the earth”s upper'atmosphere. The
CHEM experiment has also supported the search for artificially injected tracer
ions, Lithium and Barium 1ions were released by one of the other AMPTE
§pacecraft into the region ﬁpstream of the earth”s bow shock during the fall
of 1984 and in the earth”s tail region in the spring of 1985. Observations of
these ilons by the CHEM instrument have resulted in upper - limits for the
presence of these 1ions which place constraints on theoretical models of the
accelergtiod and propagation of ions in the near-earth environment,

Wfép the CHEM instrument spacecraft we  have also made  the  first
compreheﬁsive observations of the abundances of thermal and suprathermal H+,
Het2, ot, 0%2, Het, and (c+N+o0) ?3* iéns iﬁ the very quiet (Kp = 1) near earth
plasma sheet. For the time period studied we find that the thermal (<5 keV/e)
portions of the distribution functions of these ions may be fit to a
Maxwellian.with a temperature of 2.3 keV for protons and 1.9 keV/e for Het2,
Above 5 keV/nucleon the suprathermal.tails of the disfribution'functions of H'
and He'2 have the form £ = £ [1+e/(nE))™™ with n = 7.5 and Ej = 2.3 and 1.9
keV/e for H' and He+2, respectively, Our findings indicate that the plasma
sheet composition is similar to that of the quiet time ring current, and the
solar wind is the dominant plasma source of these regions during non-disturbed
times.

A survey of the ring current ilonic composition during geomagnetically

active periods in late 1984 and early 1985 using data from the CHEM



spectrometer has enabled the determination of the characteristics of the ion
population in the energy range 5-315 keV/e at the L-value of maximum energy
density (Lmax) on several different active days.

We currenty have some limited solar wind data available from the UMD/MPE
Ultra Low Energy Charge Analyzer (ULECA) sensor on ISEE-3 and the UMD/MPAe
CHEM experiment on CCE,

The low energy section of the ULECA sensor on ISEE-3 is designed to
measure solar wind flows with bulk speeds >550 km sec” !. Using this sensor we
have recently reported tﬁe first measurements of Fe charge states in two
coronal hole-associated high speed streams. Our sensor”s simultaneous
determination of energy per charge and total energy (measured by solid ‘state
detectors) produces an immunity to the instrumental problems caused by thé
very high kinetic temperatures in these high speed solar wind flows. Our

,measuréﬁgnts show that the solar wind emitted from coronal -hole regions is
characterized by lower charée states (hence lower coronal temperatures) than
is the solar wind emitted from the quiethéorona.

Another well-known source of high-speed solar wind 1is flare-related
plasma., We have been able to determine the charge states of Fe in a solar
wind flow which originated near a solar flare site and have found that this
flow is characterized by much higher than normal charge states, implying that
the solar flare effectively heated the solar atmosphere out to distances of
several solar radii.

By combining our Fe observations with solar wind proton measurements by
the Los Alamos National Laboratory (LANL) experiment on the same spacecraft we
have determimed that the coronal hole flow have an iron-hydrogen velocity
difference slightly higher than the Alfvén speed, consistent with the

existence of an extended wave energy input in coronal hole streanms.



Although our CCE plasma composition experiment (CHEM) was primarily

.designed to measure magnetospheric ioms (CCE”s apogee is 8.8 RE)’ occasional

magnetosheath excursions have allowed us to sample solar wind composition as
well. We have been able to resolve - for the first time - solar wind Carbon
from other ions with the same mass per charge ratio., Our preliminary analysis
of the CHEM data from the CCE magnetosheath transversals indicates that the
solar wind C/0 ratio is surprisingly varilable (within the range ~0.3 to 0.7)
and that the equilibrium coronal temperature for Carbon is consistently below
that of Oxygen. We have‘also found some abrupt changes in the charge state
composition of these eleménts. We are currently refining our analysis of
these events -and will expand our data set as  additional magnetosheath

/
crossings occur,

GODDARD 'SPACE FLIGHT CEN’I‘.‘ER

Several research programs have been conducted by the High Energy
Astrophysics group at Goddard wunder ;he overall direction of Dr. F.M.
McDonald, until 1983, and now Drs. Boldt, Fichtel and Ramaty.

Under the direction of firstly, Dr. McGuire, and then Dr. von Rosenvinge,
considerable work has been done on the analysis and interpretation of solar,
galactic, interplanetary, Jovian and Saturnian particie data from the Goddard .
experiments in the IMPAseries, the Helios series, Pioneer 10 and 11, Voyager 1
and 2, and the ISEE-3/ICE spacecraft, Dr. Ormes has undertaken the
interpretation of the isotopic composition of galactic cosmic rays fron
Goddard balloon experiments,

We continue to analyze data from the Pioneer 11 encounter with Saturn and
the two Voyager encounters with Jupiter and Saturn., The Goddard instruments

continue to yield important information in the areas of elemental composition,
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flow patterns, and the spatial structure of energetic particle fluxes in both
the Jovian and Saturnian magnetospheres.

| Using the combined IMP-8 and ISEE-3 data bases over the period 1978-1983,
we have identified some 80 solar particle events with measurable fluxes of
electrons above 3 MeV for which there are soft X-ray observations. Based on
their signature in soft X-rays, we have classified these events as being
either impulsive (<1 hour) of long duration (>1 hour) events. We find that
the events originating with impulsive flares are associated with intense meter
Wavelength Type TII bu?sts, indicating the presence of high fluxes of
electrons on open field lines,

We have made substantial progress in understanding the nature of 3He -
events., Comparison with low energy electron data now strongly suggests a gogd
correlation with so-called scatter—-free electron events, implying both that
3He eVQQts are solar in origin (also shown by the highly anisotropic 3He
fluxes we observe) and come dominantly only from regions well-connected to the
observing spacecraft. We are currentl;\exploring the correlation of these
events with, for example, solar radio and X—réy data, specifically in the
context of the relativistic electron study, to examine the hypothesis that 3He
events may be associated with impulsive flare acceleration.

Work 1is also in progress on gamma-ray burst d;ta from the ISEE-3 and
Solar Maximum spacecraft, The emphasis is on the determination of gamma-ray
burst - source locations using the method of multi~-spacecraft timing of the
arrival of the burst wave front. There is considerable interest in this work
since optical flashes 1in the direction of several known gamma-ray burst
sources have recently been observed. The group is also involved in continuing
ground-based studies of the optical emission associated with gamma-ray bursts.

Dr. Teegarden”s group has been involved in the analysis of data from the
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successful flights of the Low Energy Gamma-Ray Spectrometer (LEGS). This
instrument on the Palestine, Texas balloon flight of May 1969 has more
sensibility and higher resolution than instruments flown previously, The
second successful flight of the LEGS experiment took place in September
1980, The primary targets HER X-1 and the crab nebula, were each observed for
approximately 7 hours, The instrument performance was exceptional during
these observations and a large amount of high quality data was obtained.
There was a successful flight of the LEGS experiment from Alice Springs,
Australia in November 1981. Observations were performed of the active galagy
Centarus A and the gamma-ray source at the center of our own galaxy. The
variahility of the positron annihilation 1line at 511 keV from the galactic
center was confirmed by our observation of this source in a low'statg of
emission, The LEGS experiment was flown again from Australia in December
1984, ’Vihe source VELA X-1, a pulsating binary, was observed successfully..
Data analysis continugs.

. A new second-generation balloon-boéﬁe gamma-ray spectrometer called the
Gamma~Ray Imaging Spectrometer (GRIS) has also been developed. This
experiment consists of an array of seven high-resolution Germanium detectors
surrounded by a thick massive Nal shield. There is also an active Nal coded-
aperture mask to produce gamma-ray images over a 9 by 15 degree fleld-of-
view, A late 1986 first flight has been planned.

:Drs. Boldt, Holt and Serlemitsos have directed the analysis and
interpretation of X-ray data, concentrating on X-ray binary systems, the
diffuse X-ray background, Seyfert I @galaxies, X-ray emission from
superclusters, and extragalactic sources, Some of the work undertaken is
indicated in the follow;ng paragraphs.

Several Ph.D. dissertations have been completed in the area of X-ray
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astronomy over the past several years.

One student found an excess variance above that expected for an Euclidean
distribution of constant sources, implying an evolution of sources, a new
population of sources, or a large scale clumping of either sources or diffuse
emission, His tentative measurement of a large scale anisotropy in the
diffuse x-ray background is consistent with the velocity and direction of the
dipole anisotropy in the microwave background. |

Another student used careful statistical analysis techniques to perform a
very sensitive search ovaoddard HEAO-1 data for rapid x-ray variability in
active galaxies. He concluded that the non~variability of the majority of the
38 active galaxies he studied indicates that their x-ray producing ﬁlaSma is
either stable or fills a large volume relative to the central object poweri;g
the galaxy. He also argued that the source NGC6814, which shows factor-of-two
,changeéﬁéin intensity in periods as éhort as two minutes, is -dominated by
variable emiséion from an injection mechanism operating near the central

¢
object. )

Circinus X-1, a highly variable eccentric X-ray binary system whose
compact member is a black hole candidate, was modeled by another student to
study the accretion process 1in compact binary =x-ray sources, Using
observations from Goddard instruments on four x-ray satellites to model
Cirinus she has been investigating the extent which her thesis results apply
to stellar black hole candidates as a class,

In his thesis, '"X-Ray Spectra of Supernova Remnants", another person

showed that the X-ray spectra of three supernova remnants, Puppis A, Tycho,

and Kepler, as observed by the Einstein Observatory Solid State Spectrometer,

can be understood in terms of time-dependent ionization of shock-heated gas.

Another graduate student searched all the source-free regions of the HEAO

PSR A S



1-A2 all-sky data base for evidence of rapidly flaring X-ray transients. Six
such transients were found, some of which could be ascribed to hot
"superflares'" from dMe stars, but none of which were related to gamma ray
bursts, 1In the remainder of her thesis research, this student has extended
her search for fast transients to the galactic plane region, as well as other
interesting areas of the sky, such as the Large Magellanic Cloud, which were
not included Iin the original search because of the presence of strong X-ray
sources,

Yet another studenf has used the X-ray spectra from the HEAO 1-A2
experiment and X-ray images from the Einstein Imaging Proportional Counter to
fit density and temperaturé profiles, assuming a polytropic equation of state:
for the hot gas in clusters. By using the inferred density and temperatuée
profiles and assuming that the gas 1s in hydrostatic equilibrium, he then
derived}the form of the cluster potential and thus measured the mass of the
"dark matter". His findings suggest that previous work has severely
overestimated the dark matter needed to gind clusters,

Our aﬁalysis of the cosmic ray data accumulating from our multiple
spacecraft experiments continues to yield new results in modulation and
galactic cosmic ray studies, in our understanding of the acceleration of solar
energetic particles, and in our knowledge of thé physics . of planetary
magnetospheres,

In interplanetary studies, our focus is on long-lived, radially
propagating shock waves in the outer heliosphere and on the fine structure and
large scale geometry of shocks at 1 AU,

In solar energetic particle (SEP) studies, we continue an analysis of

spectral shapes, both on average and in comparison to y-ray events, a

comparison of observed with calculated ion fluences in y-ray events, and a
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study of correlations between SEP events and coronal mass ejections. We are
also progressing in flare composition and SEP propagation studies using data
from multiple spacecraft.,

In planetary studies, a mass of new information has been obtained in the
Voyager encounters with Jupiter and the Pioneer 11 and Voyager encounters with
Saturn, Analyéis is underway on the new data obtained during the Voyager 2
encounter with Uranus in January 196.

Cosmic ray intensity observations, from Pioneer 10 and other spacecraft,
gssociated with enhancea solar activity during the onset of cycle 21, and
observations over an extended range of energy and heliocentric distance, have
led to the understanding that changes in the 100-200 MeV/nucleop flux had time
delays corresponding to an outward propagation velocity of some 550 km/séc.
This suggests that recently discovered, moderately long-lived, radially
_propagéégng shock waves in the heliosphere may plan a key role 1in long-term
modulation, |

The "anomalous component'" of the e;érgetic particle population has been
observed to 1involve enhanced quiet-time f;:xes of He, N, O, and Ne and its

properties cannot be understood in terms of conventional modulation theory.

Cosmic ray, field and plasma data have been analyzed from the Voyager,

Pioneer, IMP 8, Helios and TISEE spacecraft to map out more details on long--

lived shocks and their effect on galactic cosmic rays. Of particular interest
has been how the relatively large amplitude but simple and temporally short
structures observed 1n the outer heliosphere might evolve from the more
complex and chaotic multitude of radial shocks seen in the inner heliosphere
at solar maximum, what the large scale geometry of the outer-heliospheric
shocks is,‘and how this geometry might interact with large-scale heliospheric

magnetic field geometry to produce modulation effects. Part of this effort
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has also 1involved numerical modeling of the anomalous component to try to
obtain a consistent picture of the observed gradient and spectral features.,

Having resolved isotopes from H through O for the Pioneers and H through
Ne for the Voyager experiments the resulting measurements give a measure of
the grammage through which low-energy interstellar ion populations propagate
into the heliosphere,

Observations of medium energy gamma ray sources have been undertaken,
concentrating on the galactic center emission and point sources in the Cygnus
and anticenter regions.' Drs. Fichtel and Thompson have been directing these
studies,

A large gas Cerenkov detector, recently flown by balloon to the top of
the atmosphere to study the energy dependent variation in the cosmic /fay
charge Ecomposition, has provided information on the 1lifetime of galactic
cosmic;iays at the highest energies for which direct measurements have been
made, Data analysis in this area is continuing.

t

Under the direction of Dr. Ramaty £heoretical research in extragalactic
astronomy, high energy cosmology, compact object astrophysics, and solar
physics has been conducted. Such theoretical studies are essential in order
to determine the most important directions to pursue in future measurements,
the 1interpretation of existing observations witﬁin a: -self consistent
framework, and in the development of new experimental techniques. Theoretical
research is pursued in x—-, gamma- and cosmic ray astrophysics, as well as in
extragalactic astronomy, cosmology compact object astrophysics, and solar
physics.

A program in cosmic ray astrophysics with particualr emphasis on

acceleration and modulation problems has been pursued. Particular emphasis is

given to the physics and radiation mechanisms in compact sources both on
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stellar and galactic scales, such as pulsars and active galactic nuclei. A
significant fraction of this research 1is the study of gamma ray spectroscopy
associated with ete” annihilation 1lines, both 1in active galactic nuclei
(including the galactic center) and in X-ray bursts. Research in high energy
radiation from pulsars, with particular emphasis on processes in superstrong
magnetic fields, is being conducted, while another researcher is modeling the
emission of similar radiation from active galactic nuclei, The examination in
detail of the physics of broad emission line checks of the latter objects is
also being carried oue.

Research pertaining to the interplay between high energy physics and
. cosmology is -being performed in collaboration with the Bartol 'Research

/
Foundation.




17

. BIBLIOGRAPHY
UNIVERSITY OF MARYLAND

Fan, C.Y., G. Gloeckler and D. Hovestadt, "The Composition of Heavy Ions in
Solar Energetic Particle Events', Space Sci. Rev., 38, 143-178, 1984.

Gloeckler, G., '"Characteristics of Solar and Heliospheric Ion Population
Observed Near Earth", Adv., Space Res., 4, 127-137, 1984.

Gloeckler, G., M. Scholer, F.M. Ipavich, D, Hovestadt, B. Klecker and A.B.
Galvin, "Abundances and Spectra of Suprathermal u and He and Heavy Ions in
a Fast Moving Plasma Structure (Plasmoid) in the Distant Geotail, Geophys.
Res, Lett., 11, 6, 603-606, 1984,

Gloeckler, G., F.M. Ipavich, D, Hovestadt,+M. Scholf_f, A.B. Galvin and B.
Klecker, '"Characteristics of Suprathermal H and He in Plasmoids in the
Distant Magnetotail", Geophys. Res. Lett., 11, 10, 1030-1033, 1984,

Gloeckler, G., F.M. Ipavich, W. Studemann, B, Wilken, D.C. Hamiltomn, G.
Kremser, D, Hovestadt, F, Gliem, R.A. Lundgren, W, Rieck, E.O0. Tums, J.C.
Cain, L.S. Ma Sung, W. Weiss and P. Winterhof, '"The Charge-Energy-Mass
Spectrometer for 0.3 to 300 keV/e Tons on AMPTE-CCE", IEEE Trans. on Geosci.,
and Remote Sensing, GE-23, 3, 234-240, 1985.

Gloeckler, G., B. Wilken, W. Studdemann, F.M. Ipavich, D. Hovestadt, D.C.
Hamilton and G. Kremser, "First Composition Measurement of the Bulk of the
“Storm Time Ring Current (1 to 300 keV/e)", Geophys. Res. Lett., 12, 5, 325-
328, 1985,

Gloeckler, G., F.M. Ipavich and D, Hovestadt, "Spatial Dependence of the Local
piffusion Coefficient Upstream of Interplanetary Shocks Deduced from
Measurements of Suprathermal ' and He™ in ESP Events", Proc, 19th Intl..
Cosmic Ray Conf., San Diego, 4, SH1.5~12, 182-185, 1985.

Gloeckler, G., D. Hovestadt, F.,M. Ipavich, M. Scholer, B, Klecker and A.B.
Galvin, "Cometary Pick-Up Ions Observed Near Giacobini-Zinner", Geophys. Res.
Letto, _1_3_, 3, 251_254, 19860

Gloeckler, G., F.,M. Ipavich, D.C. Hamilton, B. Wilken, W. Stddemann, G,
Kremser and D, Hovestadt, "Solar Wind Nitrogen, Carbon and Oxygen Abundances
Measured in the Earth”s Magnetosheath with AMPTE/CCE", Geophys. Res. Lett.,
13, 8, 793-796, 1986.

Ipavich, F.M., A.B. Galvin, G. Gloeckler, D. Hovestadt, S.J. Bame, B. Klecker,:
M. Scholer, L.A, Fisk and C.Y. Fan, "Solar Wind Fe and CNO Measurements in
High Speed Flows", J. Geophys. Res., 91, A4, 4133-4131, 1986.

Ipavich, F.M., A.B. Galvin, G. Gloeckler, D, Hovestadt, B, Klecker and M.
Scholer, ''Comet Giacobini-Zinner: In Situ Observations of Heavy Ions",
Science, 232, 366-369, 1986.




18

Klecker, B., M. Scholer, D, Hovestadt, G. Gloeckler, F.M., Ipavich, E, Smith
and B. Tsurutani, "Correlation Between Proton Anisotropy and Magnetic Field
Direction in the Distant Geotail", Geophys. Res, Lett., 11, 10, 1038-1041,
1984,

Kremser, G,, W, Stidemann, B, Wilken, G. Gloeckler, D,C. Hamiltomn, F.M.
Ipavich and D. Hovestadt, '"Charge State Distributions of Oxygen and Carbon in
the Energy Range 1 to 300 keV/e Observed with AMPTE/CCE in the Magnetosphere”,
Geophys. Res. Lett., 12, 12, 847-850, 1985.

Luhn, A., B, Klecker, D. Hovestadt, G. Gloeckler, F.,M. Ipavich, M. Scholer,
C.Y. Fan and L.A., Fisk, "Ionic Charge States of N, Ne, Mg, Si and S in Solar
Energetic Particle Events", Adv., Space Res., 4, 2-3, 161-164, 1984,

Mason, G.M., G. Gloeckler and D. Hovestadt, "Temporal Variations of Nucleonic
Abundances in Solar- Flare Energetic Particle Events 1I: Well-Connected
Events", UMD PP83-6, 1982, Astrophys. J., 267, 844-862, 1983.

Mason, G,M., G. Gloeckler and D. Hovestadt, "Temporal Variations of Solar
Flare Nucleonic Abundances and Their Implications for Acceleration and Coronal
Propagation'", Proc. 18th Intl., Cosmic Ray Conf., Bangalore, 4, SP2-2, 31-34,
1983. ,

/

Mason, G.M,, G, Gloeckler and D, Hovestadt, "Rigidity Dependence of the
Interplanetary Scattering Mean Free Path Determined from Rise-Phase Nucleonic
Abundance Variations", Proc. 18th Intl. Cosmic Ray Conf., Bangalore, 4, SP5.2-
.4, 149-152, 1983.

Mason, G.,M., D.C, Hamilton, G. Gloeckler and B, Klecker, "Radial Transport of
1 MeV/nucleon Ions During the 22 November 1977 Solar Particle Events", Proc.
19th Intl, Cosmic Ray Conf., La Jolla, 4, SH3.2-5, 347-350, 1985.

Scholer, M., G. Gloeckler, D. Hovestadt, F.M. Ipavich, B. Klecker, D.N. Baker,
W. Baumjohann, B.T, Tsurutanl and R.D. Zwickl, "Simultaneous Observation of
the Plasma Sheet in the Near Earth and Distant Magnetotail: TISEE-1 and ISEE-
3", Geophys. Res. Let., 11, 10, 1034-1037, 1984.

Scholer, M,, D, Hovestadt, G, Gloeckler, B, Klecker, F.M. Ipavich and R.D.
Zwickl, "Magnetospheric Ions and Electrons in the Distant Magnetosheath at ~50
and ~180 RE: ISEE-3 Observations", Geophys. Res. Lett., 11, 10, 1098-1101, -
1984,

Scholer, M., B. Klecker, D, Hovestadt, G., Gloeckler, F.,M., Ipavich and A.B.
Galvin, '"Energetic Particle Characteristics of Magnetotail Flux Ropes", -
Geophys. Res, Lett., 12, 4, 191-194, 1985.

Scholer, M,, D.N. Baker, S.J. Bame, W. Baumjohann, G. Gloeckler, F.M. Ipavich,
E.J. Smith and B,T. Tsurutani, "Correlated Observations of Substorm Effects in
the Near-Earth Region and the Deep Magnetotail", J. Geophys. Res., 90, A5,
4021-4026, 1985,




19

Scholer, M., A, Nishida, T. Terasawa, D.N. Baker, G. Gloeckler, D, Hovestadt,
E.J. Smith, B,T. Tsurutani and R.D. Zwickl, "ISEE-3 Observations During a
Plasma Sheet Encounter at 140 Rg: Evidence for Onset of Reconnection at
Distant Neutral Line", J. Geophys. Res., 91, A2, 1451-1458, 1986.

Scholer, M., D.N. Baker, G. Gloeckler, B. Klecker, F.M. Ipavich, T, Terasawa,
B.T. Tsurutani and A.B, Galvin, "Energetic Particle Beams in the Plasma Sheet
Boundary Layer Following Substorm Expansion: Near Earth and Distant Tail
Observations", J. Geophys. Res., 91, A4, 4277-4286, 1986.

Tan, L.C., G.M. Mason, F.M. Ipavich, G. Gloeckler, R.D. Zwickl and S.J. Bame,
"Energetic Proton and Helium Fluxes Associated with Interplanetary Shocks and
Their Relation to the Solar Wind Composition", J. Geophys. Res., to be
published, 1986.




GODDARD SPACE FLIGHT CENTER

Acharya, B.S., V.K., Balasubrahmanyan, J.A., Esposito, J. Lloyd-Evans, J.F.Ormes
and R,E, Streitmatter, "High Resolution Cherenkov Detectors for Cosmic Ray
Isotope Experiments", Proc. 19th Intl. Cosmic Ray Conf., San Diego, 3, 262,
1985.

Baity, W,A,.,, R.F. Mushotzky, D.M, Worrall, R,E. Rothschild, A.F, Tennant and
F.A, Primini, "Observations of NGC 4151 at 2 keV - 2 MeV from HEAO-1",
Astrophys. J., 279, 555, 1984,

Barstow, M.A., M, Lewls and R., Petre, 'Linear Absorption Coefficient of
Beryllium in the 50-300 A Range", J. Optical Soc. of America, 73, 1220, 1983,

Becker, R.H., D.J. Helfand and A.E. Szymkowiak, "An X-ray Study of Two Crab-
like Supernova Remnants: 3C58 and CTB80", Astrophys. J., 255, 557, 1982,

Becker, R.,H., D.J. Helfand and A.E. Szymkowiak, "G29.7-0.3: Another Supernova
Remnant with an Identity Crisis", Astrophys. J. (Lett.), 286, 1.93, 1983,

Burns, J.0., E.R. Nelson, R.A. White and S.A. Gregory, "X-Ray Emission
Possibly Coincident with the Radio Tail of PKS 0301-123", Astrophys. J., 291,
611, 1985,

Cane, H.V., "The Relationship Between Type II Bursts, Coronal Transients and
Interplanetary Shocks', Astron. Astrophys., 140, 205, 1984.

Cane, H.V., "The Evolution of Interplanetary Shocks", J. Geophys. Res., 90,
191, 1985.

4

Cane, H.,V. and R.G. Stone, "Type II Radio Bursts, Interplanetary Shocks and
Energetic Particle Events", Astrophys. J., 282, 339, 1984.

Cane, H.V,, R.E. McGuire and T.T. von Rosenvinge, "Two Classes of Solar
Energetic Particle Events Associated with Impulsive and Long Duration Soft X-.
ray Flares", Proc. 19th Intl. Cosmic Ray Conf., La Jolla, 4, 66, 1985.

Cane, H.V., R.E. McGuire and T.T. von Rosenvinge, "Two Classes of Solar
Energetic Particle Events Associated with Impulsive and Long .Duration Soft X-
Ray Flares", Astrophys. J.,, 301, 448, 1986,

Chlebowski, T., F.D., Seward, J., Swank and A. Szymkowiak, '"X-Rays from ETA
Carinae", Astrophys. J., 281, 665, 1984,

Clark, »,H., I.R. Tuohy, K.S. Long, A.E, Szymkowiak, M.,A. Dopita, D.S.
Mathewson and J.L. Culhane, '"X-ray Spectral Classification of Supernova
Remnants in the LMC", Astrophys. J., 255, 440, 1982,

Cliver, E.W., D.J, Forrest, R.E. McGuire and T.T. von Rosenvinge, ''Nuclear
Gamma Rays and Solar Proton Events", Proc., 18th Intl, Cosmic Ray Conf.,
Bangalore, 10, 342, 1983.

Cliver, E.W., S.W. Kahler, H.V. Cane, M.J. Koomen, D.J. Michels, R.A. Howard
and N.R. Sheeley, Jr., "The GLE-associated Flare of 21 August 1979", Solar



21

Phys., 89, 181, 1984,

Cliver, E.W., S.W. Kahler, H.V, Cane, R.E. McGuire, T.T. von Rosenvinge and
R.G. Stone, "Fast Drift Kilometric Radio Bursts and Solar Proton Events, Proc.
19th Intl. Cosmic Ray Conf., La Jolla, 4, 14, 1985,

Connors, A., P.J. Serlemitsos and J.H. Swank, "Fast Transients: A Search in
X-Rays for Short Flares, Bursts, and Related Phenomena", Astrophys. J., 303,
769, 1986.

Cowie, L.,L., E.M. Hu, E.B., Jenkins and D.G, York, "Two-Dimensional

Spectrophotometry of the Cores of X-ray Luminous Clusters", Astrophys. J.,
272, 29, 1983,

Cowie, L., M. Henriksen and R. Mushotzky, "Are the Virial Masses of Clusters
Smaller Than We Think?', Astrophys. J., in press, 1986.

Debrunner, H., E. Fluckiger, J.A. Lockwood and R.E. McGuire, '"Comparison of
the Solar Cosmic Ray Events on May 7, 1978 and November 22, 1977", J. Geophys.
Res., 89, 769, 1984,

Debrunner, H., E. Fluckiger, J.A. Lockwood and R.E. McGuire, '"Some
Characteristics of the Solar Flare Event of February 16, 1984", Proc. 19th
Intl, Cosmic Ray Conf., La Jolla, 4, 317, 1985.

DeZotti G., E.A, Boldt, A, Cavaliere, L. -Danese, A, Franceschini, F.E,
Marshall, J.H. Swank and A.E. Szymkowiak, "On the Syntheses of the X-Ray
Background with Power-Law Sources", Astrophys. J., 253, 47, 1982,

Ellison, D.C. and D, Kazanas, '"Corequake: and Shock Heating Model for the March
5, 1979 Gamma Ray Burst", Astrophys., 128, 102, 1983,

Ellison, D.C. and D, Kazanas, "Corequake and Shock Heating Model for the March
5, 1979 Gamma Ray Burst", Proc. 18th Intl. Cosmic Ray Conf., Bangalore, 1, 54,
1983.

Esposito, J.A., B.S. Acharya, V.K. Balasubrahmanyan, B.G. Mauger, J.F. Ormes,
R.E. Streitmatter, W. Heinrich, M., Henkel, M. Simon and H.0. Tittel, '"Mass
Resolution Optimization in a Large Isotopic Composition Experiment", Proc.
19th Intl. Cosmic Ray Conf., San Diego, 3, 278, 1985. ’

Garcia, M., S.L. Balurnas, R. Doxsey, M. Elvis, G, Fabbiano, G. Koenigsberger,
J. Patterson, D. Schwartz, J. Swank and M.G. Watson, "Identification and
Properties of the M-Giant/X-Ray System HD154791-2A1704+241", Astrophys. J.,
267, 291, 1983.

Goswami, J.N., R. Jha, D. Lal, R.C. Reedy and R.E, McGuire, "Secular Variation
in Solar Flare Proton Fluxes", Proc. 18th Intl. Cosmic Ray Conf., Bangalore,
2, 373, 1983,

Hamilton, A.J.S., C.L. Sarazin, A.E. Szymkowiak and M.H. Vartanian, 'X-Ray
Spectra of Young Type I Supernova Remnants: Exploded White Dwarfs?",
Astrophys., J. (Lett,), 297, L5-9, 1985,




22

Hamilton, A.J.S., C.L. Sarazin and A.E. Szymkowiak, "The X-Ray Spectrum of
SN1006", Astrophys. J., in press, 1986.

Hamilton, A.J.S., C.L. Sarazin and A.E. Szymkowiak, "The X-Ray Spectrum of
Tycho", Astrophys. J., in press, 1986.

Hartman, R., C. Fichtel, D, Kniffen, G. Stacy and J. Trombka, '"The GSFC
Advanced Compton Telescope (ACT)", Proc, 18th Intl, Cosmic Ray Conf.,
Bangalore, 8, 16, 1983.

Henriksen, M., R, Mushotzky and F, Marshall, "An X-Ray Survey of Variable
Radio Bright Quasars", Astrophys. J., 284, 491, 1984,

Henriksen, M. and R. Mushotzky, "The Physical Implications of an Isothermal
Model for the Hot ICM in Clusters', Astrophys. J., 292, 44, 1985,

Henrikéen, M.J., "The Physical Characteristics of the X-ray Emitting Gas in

Clusters of Galaxies and Constraints on Dark Matter", Ph.D. Thesis, University
of Maryland, 1985.

Henriksen, M.J., and R,F. Mushotzky, "The X-ray Spectrum of the Coma Cluster of

Galaxies", Astrophys. J., 320, 421, 1986, ,

Hu, E.M., L.L. Cowie, P, Kaaret, E.B, Jenkins, D.G. York and F.L. Roesler,
"The Filaments of NGC 1275: A Collision Between a Galaxy and an Accretion
Flow", Astrophys. J. (Lett.), 275, L27, 1983. .

Iwan D., F. Marshall, E. Boldt, R, Mushotzky, R. Shafer and A. Stottlemyer,
"A Large Scale Height Galactic Component of the Diffuse 2-60 keV Background",
Astrophys. J., 260, 111, 1982. !

Kahler, S.W., R.E, McGuire, D,V, . Reames, T.T. von Rosenvinge, N.R. Sheeley,
Jr., M.J. Koomen, R.A. Howard and D.J. Michels, "The Correlation of Coronal
Mass Ejections with Energetic Flare Proton Events", Proc, 18th Intl., Cosmic
Ray Conf., Bangalore, 4, 6, 1983.

Kahler, S.W., N.R. Sheeley, Jr., R.A. Howard, M.J. Koomen, D.J. Michels, R.E.
McGuire, T.T. von Rosenvinge and D.V. Reames, ''Associations Between Coronal
Mass Ejections and Solar Energetic Proton Events", J. Geophys. Res., 89, 9683,
1984,

Kahler, S.W., E.W. Cliver, H.V, Cane, R,E., McGuire, R.G., Stone and N.R.
Sheeley, Jr., '"Energetic Protons from a Disappearing Solar Filament', Proc.
19th_Intl. Cosmic Ray Conf., La Jolla, &4, 94, 1985, -

Kahler, S.W., E.W, Cliver, H.V. Cane, R.E. McGuire, R,G, Stone and N.R,
Sheeley, Jr., "Solar Filament Eruptions and Energetic Particle Events",
Astrophys. J., 302, 504, 1986.

Kallman, T. and R. Mushotzky, "Consequences of Hot Gas in the Broad Line
Region of Active Galactic Nuclei', Astrophys. J., 292, 49, 1985,

Kazanas, D., "Photon-Photon Absorption and the Uniqueness of the Spectra of
Active Galactic Nuclei", Astrophys. J., 287, 112, 1984,




23

Kazanas, D., '"The Universal Spectrum of Active Galactic Nuclei', in X and UV
Radiation from Actlve Galactic Nuclei, W, Brinkman, ed,

Kazanas, D., "The Universal Spectrum of AGNs and QSOs", Proc. 19th Intl,
Cosmic Ray Conf, San Diego, 1, 281, 1985.

Kazanas, D., "On the Two States of Cygnus X-1 and Realted Sources", Astro. and
Astrophys. Lett., in press, 1986.

Kazanas, D, and R. Shafer, "et_e”™ Annihilation Line and the Cosmic X-Ray

Background", Proc., I.A.U. Symposium 10, on the Large Scale Structure of the
Universe, G, Abell, ed.

Kazanas, D, and R.J. Protheroe, "Active Galactic Nuclei and the Diffuse Gamma
Ray Background", Nature, 301, 228, 1983,

Kazanas, D, and R,A., Shafer, "ete™ Annihilation and the Cosmic X~Ray
Background" in Positron Electrons Pairs in Astrophysics, AIP Conf., Proc., M.
Burns, A. Harding, R. Ramaty, eds., 101, 343, 1983,

Kazanas, D., V.K. Balasubrahmanyan and R.E. Streitmatter, "SU(2) x U(l) Vacuum
and the Centauro Events", Physics Lett. B, 142, 23, 1984,

Kazanas, D. and D.C. Ellison, '"Shock Acceleration in AGNs and QSOs", in X and
uv Radiation from Active Galactic Nuclei, W. Brinkman, ed. :

.Kazanas, D. and D,C, Ellison, "The Central Engine of AGNs and QSOs: A
Relativistic Proton Radiative Shock', Proc., 19th Intl, Cosmic Ray Conf., San
Diego, 3, 128, 1985. g

Kazanas, D., V.K. Balasubrahmanyan and R.,E. Streitmatter, "SU(2) x U(1l) Vacuum
and the Centauro Events", Proc. 19th Intl, Cosmic Ray Conf,, San Diego, 6,
137, 1985.

Kazanas, D. and D.C. Ellison, "Origin of Ultra High Energy y-rays from Cygnus
X-3 and Related Sources", Nature, 319, 380, 1986.

Kazanas, D, and D.C. Ellison, "The Central Engine of Quasars and AGNs:
Hadronic Interactions of Shock Accelerated Relativistic Protons", Astrophys.
J., 304, 178, 1986.

Kazanas, D. and D.C. Ellison, "Proton Acceleration in y-Ray Bursts', Adv.
Space Res., in press, 1986.

Kelley, R.L., "Orbital Pefiod Changes in Massive X-Ray Binaries", in The
Evolution of Compact X-Ray Binaries, eds. J. Trumper, W.H.G. Lewin and W,
Brinkman (D. Reidel), p. 75, 1986.

Koenigsberger, G., J.H. Swank, A.E. Szymkowiak and N.E. White, "X-Ray
Properties of the Be/X-Ray System 2S0114+650 = LSI + 65°010", Astrophys. J.,
268, 782, 1983.

Lloyd-Evans, J., "On the ©Possibility of Determining the Average Mass



24

Composition Near 10!* eV Through the Solar Magnetic Field", Proc. 19th Intl,
Cosmic Ray Conf, San Diego, 2, 173, 1985.

Lloyd-Evans, J., B.S. Acharya, V.K. Balasubrahmanyan, J.F. Ormes, R.E.
Streitmatter and S.A. Stephens, "The Design of an Experiment to Detect Low
Energy Antiprotons", Proc. 19th Intl., Cosmic Ray Conf., San Diego, 3, 254,
1985,

Lochner, J, and E., Boldt, '"Calibration of Si(Li) Detectors in X-ray
Astronomy", Nucl, Instr., & Meth, in Phys, Res., A242, 382, 1986.

Marshall, F.E., S.S. Holt, F.R. Mushotzky and R,H. Becker, "Rapid X-Ray
Variability from the Seyfert I Galaxy NGC 4051", Astrophys. J. (Lett.), 269,
L31, 1983,

Marshall, F,E,, N.E. White and R.H. Becker, "A Two Component X-Ray Spectrum
from SMC X-1", Astrophys. J., 266, 812-822, 1983,

McGuire, R.E,, "The Composition, Propagation, and Acceleration of Energetic
Solar Particles: a Review of United States Research 1979-1982", Rev. Geophys.
Space Res., 21, 305, 1983, '

McGuire, R.E., M.A.I, Van Hollebeke and N, Lal, "A Multi-Spacecraft Study of
the Coronal and Interplanetary Transport of Solar Cosmic Rays: I:
Introduction and Observations", Proc. 18th Intl. Cosmic Ray Conf., Bangalore,
10, 353, 1983.

McGuire; R.E., N. Lal and M.A.,I. Van Hollebeke, "A Multi-Spacecraft Study of
the Coronal and Interplanetary Transport of Solar Cosmic Rays: ITI. Model and
Fitting", Proc, 18th Intl, Cosmic Ray Conf., Bangalore, 10, 357, 1983.

McGuire, R.E., N.J. Goswami, R. Jha, D. Lal and R.C. Reedy, "Solar Flare
Particle Fluences During Solar Cycles 19, 20 and 21", Proc. 18th Intl., Cosmic
Ray Conf., Bangalore, 4, 66, 1983.

McGuire, R.E. and T.T. von Rosenvinge, "The Energy Spectra of Solar Energetic
Particles", Adv. Space Res., 4, 117, 1984,

McGuire, R.E., T.T. von Rosenvinge and F.B. McDonald, "Elemental Abundances
and Energy Spectra of Selected Events in Recent STIP ‘Intervals", Proc. STIP
Symp. on Solar/Interplanetary Intervals, 1984,

McGuire, R.E., T.T. von Rosenvinge and F.B. McDonald, "The Composition of
Solar Energetic Particles", Astrophys., J., 301, 938, 1986. :

McGuire, R,E., T.T. von Rosenvinge and D.V. Reames, "Variation in the
Elemental Composition of Several MeV/nuc TIons Observed in Interplanetary
.Space", Proc. 19th Intl, Cosmic Ray Conf., La Jolla, 4, 225, 1985.

Morris, D.J., "Production of High-Energy Gamma Rays by Cosmic Ray Interactions
in the Atmosphere and Lunar Surface", J., Geophys. Res., 89, 10685-10696, 1984.

Moseley, S.,H., R.L. Kelley, J.C. Mather, R.F. Mushotzky, A.E. Szymkowiak and
D. McCammon, "Thermal Detectors as Single Photon X-ray Spectrometers", IEEE



25

TI‘aI‘IS- NUCIQ Scio, NS-32, 1’ 134, 1985-

Norris, J.P., et al,, "Search for Time Variations in the 511-keV Flux by ISEE-
3 Gamma Ray Spectrometer', in Gamma Ray Transients and Related Astrophysical
Phenomena, R, Lingenfelter, H, Hudson and D. Worrall, eds., AIP Conf. Proc.,
77, 163-168, 1982; also NASA TM-83816.

Norris, J.P., et al., "Gamma-Ray Burst High Time Resolution Spectral
Observations Made with the Solar Maximum Mission'", Proc, 18th Intl. Cosmic Ray
Conf,, Bangalore, 1983,

Norris, J.P., et al., "Frequency of Fast, Narrow Gamma Ray Bursts and Burst
Classifications", in High Energy Transients in Astrophysics, AIP Conf. Proc.,
115, 367-372, 1983; also Nature, 308, 434-435, 1984; also NASA TM-86050.

Norris, J.P., et al., "Spectral Evolution of Pulse Structures in Gamma-Ray
Bursts", Astrophys., J., 301, 213-219, 1986.

Norris, J.P., et al., "Spectral Evolution in Gamma Ray Bursts", XXVI COSPAR,
Toulouse, 1986,

Ormes, J.F. and R.,J, Protheroe, "Implications of HEAO-3 Data for the
Acceleration and Propagation of Galactic Cosmic Rays", Astrophys. J., 272,
756, 1983,

Patterson, Je, K. Beuermann, D.Q. Lamb, G, Fabbiano, J.C. Raymond, J. Swank
~and N,E; White, "VV Puppis: The Soft X-Ray Machine", Astrophys. J., 274, 785,
1984,

Petre, R., C.R. Canizares, G.A. Kriss and P.F. Winkler, "A High Resolution X-
Ray TImage of Puppis A: Inhomogeneities in the Interstellar Medium",
Astrophys. J., 258, 22, 1982, .

Petre, R., R. Mushotzky, J. Krolik and S, Holt, "Soft X~ray Spectral

Observations of Quasars and High Luminosity Seyfert Galaxies'", Astrophys., J.,
220, 499, 1984,

Petre, R. and P.J. Serlemitsos, "Conical Imaging Mirrors for High-Speed X-Ray
Telescopes', Applied Optics, 24, 1833, 198S.

Petre, R. and P.J. Serlemitsos, '"The Broad Band X-Ray Telescope", Space Sci.
Rev., 40, 707, 1985, :

Petre, R., H.L. Shipman and C.R. Canizares, '"An X-Ray Survey of Hot White.
Dwarf Stars Evidence for an n(He)/n(H) Correlation', Astrophys. J., 304, 356,
1985.

Piccinotti, G., R.F. Mushotzky, E.A. Boldt, S.S. Holt, F.E. Marshall, P.J.
Serlemitsos and R.,A. Shafer, "A Complete X-ray Sample of the High Latitude
([bl > 20°) Sky from HEAO-1 A-2: Log N-Log S and Luminosity Functions"
Astrophys. J., 253, 485, 1982,

Pravdo, S.H., and F,E. Marshall, "Soft X-Ray Active Galactic Nuclei",
Astrophys. J., 281, 570, 1983.




26

Protheroe, R, and D. Kazanas, "On the Origin of Relativistic Particles and
. Gamma Rays in Quasars and Active Galactic Nuclei", Astrophys. J., 265, 620,
1983,

Protheroe, R.J., and D. Kazanas, "Relativistic Particles and Gamma Rays in
Quasars and Active Galactic Nuclei', Proc. NATO Advanced Study Institute on
Cosmic Rays, Erice, M. Shapiro, ed., 1982,

Protheroe, R.J, and D. Kazanas, "Origin of the Diffuse Gamma Ray Background",
Proc., 18th Intl. Cosmic Ray Conf., Bangalore, 1, 169, 1983,

Reichert, G.A., R.F. Mushotzky, R. Petre and S.S. Holt, "Soft X-ray Spectral
Observations of Low Luminosity Active Galaxies", Astrophys. J., 296, 69, 1985,

Robinson, R,D., R.T., Stewart and H.V. Cane, "Properties of Metre-Wavelength
Solar Bursts Associated with Interplanetary Type II Emission", Solar Phys.,
91, 159, 1984.

Robinson-Saba, J.L., "Circinus X-1: A Laboratory for Studying the Accretion
Phenomenon in - Compact Binary X-ray Sources", Ph.D. 'Thesis, University of
Maryland, 1983. '

Sato, M., F, Nagase, N, Kawai, R.L. Kelley, S. Rappaport and N.E. White,
"Orbital Elements of the Binary X-Ray Pulsar GX301-2", Astrophys. J., 304,
241, 1986.

Schaefef, B.E., "Implications of the Three Optical Flashes", in High Energy
Transients in Astrophysics, S. Woosley ed., 1983.

Schaefer, B.E., "More on Possible Outburst Objects Hertzsprung and Popovic",
Pub, Astron. Soc. Pacific, 95, 1019, 1983, : :

Schaefer, B.E., "Chinese  “Astronomical” Jade  Disks: The P1i",
Archaeoastronomy, VI, 99, 1983,

Sdhaefer, B.E., et al., "An Intercontinental Baseline Coincidence Search for
Optical Flashes with Two Schmidt Telescopes', Astrophys. J., 283, 887, 1984,

Schaefer, B.E., et al., "Two Probable Optical Flashes from Gamma-Ray
Bursters", Astrophys., J. Lett., 286, L1, 1984,

Schaefer, B,E., (7th author of 15), "1979 January 13: An Intense Gamma-Ray
Burst with a Possible Associated Optical Transient", Astrophys. J. Lett., 286,
L5, 1984,

Schaefer, B.E., (15th author of 15), "Three Precise Gamma-Ray Burst Source
Locations", Astrophys. J. Lett, 286, L15, 1984,

Schaefer, B.E. and J, Patterson, "Orbital Periods of Novae Before Eruption",
in Cataclysmic Variables and Low-Mass X-Ray Binaries, D, Lamb and J.
Patterson, eds., 1984,

Schaefer, B.E, and T. Cline, "Gamma-Ray Burster Recurrence Timescales",



27

Astrophys. J., 289, 490, 1985.

Schaefer, B.E., "Celestial Optical Flash Rate: Predictions and Observations",
Astron., J., 90, 1363, 1985.

Schaefer, B.E., ''Mysterious Eclipses of the Central Star of NGC 2346",
Astrophys. J., 297, 245, 1985,

Schaefer, B.,E., "Central Star in NGC 2346", IAU Circular, no. 4047, 1985,

Schaefer, B.E., (l4th author of 19), '"Locations and Time Histories of Five
1979 Gamma-Ray Bursts', Astrophys. J., 290, 728, 1985,

Schaefer, B.E., "Predicting Heliacal Risings and Settings'", Sky and Telescope,
70, 261, 1985.

Schaefer, B.E., "Gamma-Ray Bursters", Scientific American, 252, 52, 1985,

Schaefer, B.E., and T. Cline, "Searches for Infrared Counterparts of Gamma-Ray
Bursters', Proc. 19th Intl. Cosmic Ray Conf., San Diego, 0Gl.1-9, 1985,

Schaefer, B.E., (15th author of 15), "H0323+022: A New BL Lacertae Object
with Extremely Rapid Variability", Astrophys. J., 302, 337, 1986.

Schaefer, B.E., "IRAS Observations of Binaries with Compact Objects, Pub.
Astron, Soc. pacific., 98, 556, 1986.

Schaefer B.E., "R Coronae Borealis Stars and Planetary Nebulae", Astrophys.
J., 307, 500, 1986.

‘.
Schaefer, B,E., "Optical Flashes", in Gamma-Ray Bursts, E. Liang and V.
Petrosian, eds., 1986, : :

Schaefer, B.E., '"Astmospheric Extinction Effects on Stellar Alignments",
Archaeoastronomy, in press, 1986.

Schaefer, B.E., "Heliacal Rise Phenomena", Archaeoastronomy, in press, 1986.

Schaefer, B,E., "Mountain Shadows", Sky and Telescope, in press, 1986.

Schwartz, R., M, Jennings and B.E. Schaefer, '"Searching for Optical Flashes
from Gamma-Ray Bursters'", Sky and Telescope", in press, 1986.

Serlemitsos, P.J., R. Petre, C. Glasser and F., Birsa, "Broad-Band X-ray
Astronomical Spectroscopy', IEEE Trans. on Nucl. Sci., NS-31, 785, 1984,

Seward, F.D., F.R, Harnden, Jr.,, A. Szymkowiak and J. Swank, '"The X-Ray Nebula
Around PSR 1509-58", Astrophys. J., 281, 650, 1984.

Shafer, R.A., 'Spatial Fluctuations in the Diffuse Cosmic X-ray Background",
Ph.D. Thesis, University of Maryland, 1983.

Stacy, J.G., "The Development of the Goddard Compton Gamma Ray Telescope and
Neutral Hydrogen Observations Towards the Puppis Window of the Galaxy", Ph,D.



28

Thesis, University of Maryland, 1985,

Stacy, J.G. and P.,D. Jackson, '"Neutral Hydrogen Observations of the Puppis
Window", in Reglons of Recent Star Formation, R.S. Roger and P,E, Dewdney,
eds., (Dordrecht: Reidel), 185, 1982,

Stacy, J.G. and P.D. Jackson, "Association of PSR0740-28 with an HI Shell in
Puppis', Nature, 296, 42, 1982,

Stacy, J.G. and P,D. Jackson, "Neutral Hydrogen Observations Towards the
Puppis Window of the Milky Way", Astron. Astrophys. Suppl., 50, 377, 1982.

Stecker, F.,W,, R.J. Protheroe and D. Kazanas, '"Cosmic-Ray Antimatter: A
Primary Origin Hypothesis", Astrophys. and Space Sci., 93, 171, 1983.

Stecker, F.W., R.J. Protheroe and D, Kazanas, '"Cosmic Ray Antimatter and
Baryon Symmetric Cosmology', Astrophys. and Space Sci., 96, 171, 1983.

Stone, R.G,, H.V, Cane and J.L. Bougeret, "ISEE-3 Radio Observations of
Interplanetary Solar Shocks", Proc. STIP Symp. on Solar/Interplanetary
Intervals, 1984,

Stone, E.C., J.F. Cooper, A.C. Cummings, F.B, McDonald, J.H. Trainor, N, Lal,
R.E., McGuire and D,L. Chenette, "Energetic Charged Particles in the Uranian
Magnetosphere", Sclence, in press, 1986,

Streitd;;ter, R.E., V.K. Balasubrahmanyan, R.J., Protheroe and J.F, Ormes,
"Local Superbubble Model of Cosmic Ray Propagation", Proc, 18th Intl., Cosmic
Ray Conf., Bangalore, 0G5.1-9, 1983.

L
Streitmatter, R.E., V.K. Balasubrahmanyan, R.J. Protheroe and J.F. Ormes, "A
Local Superbubble Model of Cosmic Ray Origin'", Astron. and Astrophys., 143,
249, 1985,

Swank, J.H., R.E. Taam and N,E, White, 'MXB1916-053/4U1915-05: Burst
Properties and Constraints on a 50 Minute Binary Secondary", Astrophys. J.,
277, 274, 1984, .

Szymkowiak, A,E., '"X-ray Spectra of Supernovae  Remnants", Ph.,D, Thesis,
University of Maryland, 1985. I

Szymkowiak, A.E. and R.H. Becker, '"Variations in X-Ray Spectra Across Puppis
A", Astrophys. J., in preparation, 1986.

Teegarden, B.J., T.T. von Rosenvinge, T.L. Cline and R. Kaipa, 'The Rapidly
Moving Telescope: An Instrument for the Precise Study of Optical Transients",
Proc, Univ, of California Santa Cruz Summer Workshop (High Energy Transients),
July 1983.

Tennant, A.F., "Rapid X-ray Variability of Active Galaxies", Ph.D. Thesis,
University of Maryland, 1983,

Tennant, A, and R.F., Mushotzky, "Absence of Rapid X-Ray Variability in Active
Galaxies, Astrophys. J., 264, 92, 1983.




L &)

29

Urry, C.M. and R.F., Mushotzky, "PKS 2155-304: Relativistically Beamed
Synchrotron Radiation from a BL Lac Object", Astrophys. J., 253, 38, 1982.

Urry, C.M., R,F. Mushotzky, Y. Kondo, K.R.M. Hackney and R.L. Hackney,
"Ultraviolet and X-Ray Observations of the BL Lac Object PKS 0548-322",
Astrophys, J., 261, 12, 1982,

von Rosenvinge, T.T. and R.E. McGuire, "Elemental Abundances in Corotating
Events", Proc., 19th Intl. Cosmic Ray Conf., La Jolla, 4, 190, 1985.

White, N,E, and J.H. Swank, "The Discovery of 50 Minute Periodic Absorption
Events from 4U1915-05", Astrophys. J. (Lett.), 253, L61, 1982,

White, N.,E,, J.H. Swank, S,S. Holt and A.N. Parmar, "A Comparison of the X-Ray
Properties of X Persei and Cassiopeiae", Astrophys. J., 263, 277, 1982.

White, N.E., T.R. Kallman and J.H. Swank, '"The X-Ray Absorption Spectrum of
4U01700-37 and 1Its Implications for the Stellar Wind of the Companion HD
153919", Astrophys. J., 269, 264, 1983,

White, N,E, and F.E. Marshall, "An X-ray Survey of Nine Algol Systems",
Astrophys, J. (Lett,), 268, L117-L120, 1983,

White, N.E,, J.H. Swank and S.S. Holt, "Accretion Powered X-Ray Pulsars",

Astrophys. J., 270, 711, 1983.

White, ﬁ.E. and J.H. Swank, "The 41.5 Day Binary X-Ray Pulsar 4U0U1223-62
(6X301-2)", Astrophys. J., 287, 856, 1984,

White, N.E, and F.E., Marshall, "The Unusu;lly Soft X-Ray Spectrum of LMC x-3",
Astrophys. J., 281, 354, 1984, : :

White, N.E., J.L. Kaluzienski and J.H. Swank, "The Spectra of X-Ray
Transients", in High Energy Transients in Astrophys.,, S. Woosley, ed., AIP
Conf. Proc,, 115, p. 31, 1984,

White, N,E., A.C. Fabian and R. Mushotzky, "X—Ray Spectral Signatures of
Accreting Black Holes'", Astrophys. and Astrom., 133, L9, 1984.

Worrall, D.,M., F.E. Marshall, E.A. Boldt and J.H. Swank, "HEAO-1 Measurements
of the Galactic Ridge", Astrophys. J., 255, 111, 1982.

Worrall, D.,M. and F.E. Marshall, "Stellar Contributions to the Hard X-=Ray .

Galactic Ridge", Astrophys. J., 267, 691-697, 1983.

WOrrall,” D.M. and F.,E. Marshall, "The Broad-Band X-Ray Spectrum of a QSO
Sample", Astrophys. J., 276, 434, 1984.

Xu, Y., R. McCray and R. Kelley, '"Measuring Interstellar Dust Grains from the
Haloes of Binary X-Ray Sources', Nature, 319, 652, 1986.






