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The following report covers the Department activities fromdissertation titles were Chuan Luo for “Radial-Zoned Ther-
October 1996 through October 1997. Updated researcmal Accretion Disk Model Around Black Holes,” Michael J.

information, as well as course listings and our graduateMoss for “Gamma Ray Observations of Black Hole Candi-
brochure can be accessed on the Web at http:ates Nova Ophiuchi 1993 and Nova Velorum 1993,” and

spacsun.rice.edu. Shan Xue for “Numerical Modeling of the Magnetospheric
Cusp: lon Injection and Number Density Calculations.” The
1. INTRODUCTION M.S. recipients were Karsten E. Braaten for “A Model of

In 1963 Rice University established the first DepartmenlBounce,"A‘Ve""ged Relativ_istic Protons_with Emphasis on Fhe
of Space Science in the United States to support our cour{\-/laf‘Ch 91.Magnetospher|c Compressmn, Michikazu Ho,]o
try’s manned and unmanned exploration of space. Today, Jgr Coupling of ,TWO Computational Models pf th? Earth’s
the Department of Space Physics & Astronomy, it strives fofvagnetosphere,” and Karen M. Klamezynski for "Bounce-
excellence in graduate education and research across a brdagsonant lon Interaction with Hydromagnetic Waves
spectrum of topics in physics & astronomy ranging from the

Earth’s climate and magnetosphere to observational ang- PACILITIES

theoretical astrophysics. The department is located on the second and third floors
of Herman Brown Hall, on the campus of Rice University.
Most faculty, staff, and student offices occupy the third floor
of the building, which also includes our computational and
2.1 Academic and Research Staff data analysis facilities. Several standalone Sun sparcstations
ncluding a server, “spacsun; a Vax cluster, X-terminals,

Seventeen personnel constitute the primary resident aczgl-

demic and research staff. For the 1996/97 academic yea"Fmd Macintosh computers are networked together with other

Professors were P. A. Cloutier, R. J. Dufour, A. A. Few, Jr. campus-wide systems and the internet. In collaboration with

J. W. Freeman, R. C. Haymes, E. P. Liang, F. C. Michel, .the Computer and Information Technology Institute at Rice

R. O'Dell, P. H. Reiff (chair), J. C. Weisheit, and R. A, 2nd With the help of a generous grant from Digital Equip-

Wolf. Assistant Professors were A. A. Chan and P. M |_|ar_ment Corporation we have recently acquired a 4-processor

tigan. Distinguished Faculty FeIIoWs Were T W Hili aﬁd K Alphaserver 4100/400/1gb which has greatly enhanced our

A Srﬁith T.S. Ledlev was a Senior Facult. Féllow and Igcapabilities for processor intensive computations. A new

R. Toffol.ett(.) is. a Facﬁlt Fellow y ‘multimedia facility in our conference room enables speakers
e Y R . to present movies, slides, Web pages, and do video confer-
Affiliated Faculty (from other University departments : . ! L

were Professors F. B. Dunnirighysics, D. Heymann(ge- encing during talks. A thorough collection of scientific texts

ology), and G. K. Walters(physics. Adjunct faculty were and research journals is maintained in the Department read-

Adjunct Professors D. BlackLPI), W. C. Horton, Jr.(U. mgUrr?gg: arlzr;((julgteRIa?r?ds ngg;gsljtljb(;z%s have the opportunit
Texas, Austin, J. D. Winninghan{SWRI), and D. T. Young 9 9 PP y

(SWR): and Adjunct Associate Professors T. F. Stepinskifm use a variety of telescopes in education and research, rang-

(LPI) and J. H. NewmariNASA-JSQ. W. E. Gordon was a ing from small instruments located on the roof of Fondren
Distinguishéd Professor Emeritus. J. W. Chamberlain, A, J-orary, to computerized 14- and 36-inch telescopes at the

Dessler, and R. F. Stebbings were Professors Emeritus. Ggorge Observatory, located in Brazos_ _Bend State Park, 35
miles southwest of the campus. In addition, students use fa-

R. W. Spiro was a Senior Research Scientist; C. Law, B'c:ilities at the Lunar and Planetary Institute in nearby Clear

Lindsey, C. Straub, and I. A. Smith were Research SCIentIStﬁ_'ake City, as well as the laboratories for space instrumenta-

P. Krisko and M. Bitcher were Postdoctoral Research AS_tion development at the Southwest Research Institute in San
sociates, with Dr. Btacher from the Max Planck Institute in Antonio Tepxas

Bonn just joining the Department this year to work in the
high energy research group headed by E. Liang.

2. PERSONNEL

4. RESEARCH
2.2 Students 4.1 Space Science

At the beginning of the 1997/98 academic year, 27 stu4.1.1 Earth and Atmosphere
dents were enrolled in full-time graduate study. Of these, five Professor A. Few's research interest is in atmospheric
joined the department for graduate study in August 1997. Iphysics with a special emphasis on atmospheric electricity
addition, six junior and one senior undergraduate studentand Earth system science. In the experimental area he has
were enrolled in our “Space Physics & Astronomy Option” data from a suite of instruments that operated at the South
study program towards obtaining a B.A. degree in Physics.Pole for a three-year period; these measurements monitor the

During our May 1997 Commencement three Ph.D. andotal global thunderstorm activity, a parameter strongly influ-
three M.S. degrees were awarded. The Ph.D. recipients arhced by global warming. Few is also active at the national
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level in global change or Earth system science education. Hie equilibrium model suggest that a region conducive to the
is an author-participant in the Global Change Instructiontearing instability is likely to form in the inner region of the
Program(NSF and NCAR, and in the Earth System Science magnetosphere after the system has been driven by the solar
Education Program(NASA and USRA. These programs wind for several hourg§Toffoletto et al,, 1996.
share the goal of developing undergraduate courses and Wolf is also collaborating with John Lyon of Dartmouth
teaching materials in the interdisciplinary areas of globalCollege and Willard White and colleagues at Mission Re-
change or Earth system science. search Corporation to incorporate the RCM inner magneto-
The emphasis of Senior Faculty Fellow Tamara Ledley’ssphere within MHD treatments of the outer magnetosphere
recent work has been to understand the role of the polasind its interaction with the solar wind, thus providing a self-
regions in shaping global climate on a wide range of timeconsistent computational representation of the entire system.
scales by examining the possible mechanisms of climate |n the past, the RCM has used an input data-based mag-
change. The polar regions of the Earth can have a large inhetic field rather than calculating that field self-consistently.
pact on global climate despite the fact that they occupy &ecently, however, Frank Toffoletto has developed a nu-
small percentage of its total area. The main feature of thenerical equilibrium solver that recomputes the magnetic
polar regions that make them different from others is thefie|d, time step by time step, keeping it consistent with the
presence of snow and ice. The impact of snow and sea ice QdcM. This has produced the first-ever numerical solutions of
the climate of the polar regions and globally has been examy complete and reasonable set of physical equations for the
ined with a coupled energy balance climate - thermodynamig¢,ner magnetosphere.
sea ice model that includes a hydrologic cycle. The modeling A group led by Professors Freeman, Wolf, and Senior
studies show that snow and sea ice have a large impact Qfesearch Scientist R. W. Spiro developed a streamlined,
the energy exchange between the atmosphere and ocean, aifa-driven version of the Rice Convection Model designed
that changes in that interaction affect climate. ~ to run from real-time space and ground data. This real-time
Ledley's work has led to studies on the shorter timeyggel, called the Magnetospheric Specification Model, can
scales, which involve examining the effect of various atmo- ;5 provide an up-to-date picture of the state of the inner

spheric and oceanic processes on the sea ice regime of j¢,gnetosphere. It now runs routinely at the U. S. Air Force’s
Ross Sea and the subsequent impact on the climate systeghace forecast center, and it is also proving to be a useful
and the influence of the EI Ninon the polar oceans. On the 1) for the scientific analysis of space data. It was recently

longer time scales she is examining the mechanisms thfseq to demonstrate that bursts of enhanced magnetospheric
produce the large scale glacial/interglacial cycles recorded iRonvection are responsible for the injection of new ring cur-

the geologic record, and has recently incorporated a dynamig, ¢ particles in a magnetic storm, and that the magnetic

ice sheet model into the coupled system in order to study thg, . onfigurations involved in magnetospheric substorms play
interactions between the different components of the climatg relatively minor role

system on the ice age time scales. During the past year, Freeman, with Rice University Se-

nior Paul O'Brien, developed a neural network to predict the

4.1.2 Earth's Magnetosphere and Space Weather amount of energetic electrons in the radiation belt. This com-

Over a period of many years, Professor R. A. Wolf andPonent of the radiation belt seems to be responsible for
collaborators have developed a computer code called thedeep dielectric” discharge damage to spacecraft. Freeman
Rice Convection Mode{RCM), which has proved to be an and O’'Brien determined that the primary spectral feature was
effective research tool for studying the dynamics of thea power-law, and were able to model this behavior success-
Earth’s inner magnetosphere. The code describes the corfillly with a neural network for a major geomagnetic storm.
plex particle populations of the Earth’s inner magnetospherén the process, they discovered that some variations in the
in terms of approximately thirty fluids. It self-consistently €lectron flux at the geostationary orbit could be attributed to
computes magnetospheric densities, pressures, and electiggal-time variations. The observed local-time distributions
fields, as well as ionospheric currents and electric fields antmply that electrons enter the magnetosphere from the geo-
the currents that flow along field lines to connect the twomagnetic tail. A paper has been submitted to the Journal of
regions. Geophysical Research discussing the spectra of the energetic

To investigate how the inner and outer magnetospherelectrons, the local-time dependence, the neural networks,
affect each other, Wolf's group is working to couple the and the source of the electrons. Papers were also presented at
RCM to 3D magnetohydrodynamic codes that provide thehe Lund Workshop on Applications of Artificial Intelligence
best available theoretical representation of the outer mago Solar Terrestrial Physics and the"™2TAGA meeting in
netosphere. One such collaboration, with Joachim Birn otJppsala Sweden. This work has been supported by Sterling
Los Alamos National Lab and Michael Hesse of GoddardSoftware.
Space Flight Center, aims at understanding the magneto- Freeman and graduate student Kirt Costello developed
spheric substorm, which is the fundamental dynamic processeural networks that can be used with the Magnetospheric
of the Earth’s magnetosphere. The new substorm model inSpecification and Forecast Mod@lISFM). These networks
corporates the RCM, the Los-Alamos/Goddard MHD modelwill run the MSFM entirely from solar wind data, thereby
of tail dynamics, and an equilibrium code that has been deincreasing the forecast period for the model by the solar
veloped through a Los-Alamos/Goddard/Rice collaborationwind transit time from the L1 point up to an hour. Costello
Preliminary results with a model that couples the RCM withbuilt a neural network that specifies thg, Kndex with an
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accuracy comparable to that generated from real-timsion on model comparisons with Synoptic Weather Maps.
ground-based data. This neural network was tested succesBhey used the open magnetosphere model to derive polar cap
fully with the MSFM and the results were documented inconvection patterns and open/closed boundary locations. A
Costello’'s Ph.D. Thesis, “Moving the MSFM into a Real- paper discussing the results of this has been subniittéd
Time Forecast Model Using Solar Wind Driven Forecastand Toffoletto, J. Geophys. Res., 19%raduate student Jin-
Modules.” wen Song has prepared a new version of the open magneto-
Seth Orloff, a Ph.D. candidate student with Freeman, hasphere model for distribution on the interi€ong, MS The-
developed a Solar Energetic Particle Tracer m@8&IPTR  sis, Rice University, 1997
for use in conjunction with an Integrated Space Model being Hill, Toffoletto and graduate student Andrew Urquhart
developed by Mission Research Corp. The SEPTR computedye undertaking a study to compare auroral images taken by
cut-off energies and spectra for solar protons and electrori§€ polar spacecraft with the theoretical predictions of their
from solar flares. In an interesting application this model ha®Pen magnetosphere model. This project is supported by
demonstrated the existence of a class of trapped electron trBlASA as part of their Global Geospace Science Guest In-
jectories that originate at the equator but migrate to the cuspestigator Program.
region on the day side of the magnetosphere_ These are Hill and TOffOlettO, tOgether with G. Erickson and M.
trapped particles that can mirror in the cusp as well as th&leinemann of the Air Force Research Lab, have begun a
equator. concept study supported by the NSF/GEM program to as-
Assistant Professor Anthony Chan is the principal inves-Semble the first comprehensive global model of the magneto-
tigator on a project to model the so-called “killer electrons,” SPhere that will be used as a community-wide research tool
relativistic electrons which can cause significant damage t§ magnetospheric physics. This global model is analogous
scientific and communications spacecraft. The project is paf the global climate models that are found in the atmo-
of the National Space Weather Program. Chan and gradua@®heric community.

student Hee-Jeong Kim are studying the physical mecha- P- Kloucek of the Computational and Applied Mathemat-
cs Department at Rice University and Toffoletto are col-

nisms for the large flux variations which are observed durinq Dt : a
magnetic storms. Two main mechanisms are considered: gborating in a project to adapt an unstructured finite code to

fully-adiabatic effect and a trapping boundary effect. TheSolve magnetospheric problem;, the first resglts of vvhich are
fully-adiabatic effect may occur when the magnetic field!© Pe presented at the American Geophysical Union Fall
configuration changes slowly compared to an electron driff"€€ting in December, 1997. L

period and all three adiabatic invariants of the electron mo- Frofessor Patricia Reiff's research group is active in stud-
tion are conserved. The trapping boundary effect is a particlé€S Of the Earth’s magnetosphere and “Space Weather.” As

loss mechanism which occurs when an initially trapped drift2 €0-! on the Polar spacecraft, launched in February 1996,
orbit becomes untrapped. she and graduate students Andrew Urquhart and Vance Hen-

Chan is continuing a theoretical study of the effects ofize are investigating the detailed response of t_he magneto-
anisotropic plasma pressure and kinetic effects on MHDSPNere to changes in the Interplanetary Magnetic Field, par-

equilibrium and stability in the Earth’s magnetosphere.tiCUI‘;’]‘,rIy ]|cn lgmes whire tge ”\(/j“: is nea_lfrfly.parellllel to the
Anisotropy can significantly lower both the wave eigenfre-Eart s field near the boundary. Reiff is also a Co-

guency and the instability threshold for ballooning modeslnvestigator for the IMAG_E mission, Wh@Ch will fly in Jgnu—
(pressure-gradient-driven MHD modesResonant wave- ary 1, 2000 as NASA's first MIDEX. Using new techniques

particle instabilities are also considered. These studies usSéJCh as neutral atom imaging and radio sounding, IMAGE

linear gyro-kinetic theorya self-consistent kinetic theory of will for the first time be a remote_ Sensing t.OOI fo_r the entire
low-frequency waves and instabilities in plasma&heoreti- magnetosphere. Her students will be working with the theo-

cal results are compared with spacecraft measurements fls(?a:w grRogff isa\?éi"aa%;vllr g: Z?S?V;ir?h:ngs?/%ﬁegtr::t
wave and particle properties. Ign. Ret | vestig u

Elena Belova, Richard Denton and Mary Hudson at Dart-Sp?r?e;;Zﬁtt’iOar:soRsécifrf]eigu:Der?n?i;;ul232;392?8?'of 2 NASA
mouth College, with help from Chan, are developing a hy_outreach program The Public Connection which creates com-

brid MHD-gyrokinetic computer code to calculate the self- . o :
consistent  nonlinear  evolution  of magnetosphericputerlzed exhibits and planetarium shows for museums and
schools.

hydromagnetic waves and the induced particle transport. Liu
Chen at the University of California at Irvine, in collabora-
tion with Chan, is developing general equations for thg transzhl_3 Solar System Plasmas
port of mass, momentum and energy across the dayside mag-
netopause due to low frequency waves. Chan and Hill and Wolf continued their study of rotationally driven
collaborators C. Z. Cheng and Jay Johnson at Princeton Uninagnetospheric convection at Jupiter. This work involves
versity continue studies on kinetic effects on MHD modes innumerical simulation of the outward transport of plasma
the Earth’s magnetosphere. from the centrifugally unstable lo plasma torus. They are
Faculty Fellows Tom Hill and Frank Toffoletto continue also developing a simulation model of inner magnetospheric
their work on the development of an open magnetospherperturbations induced by the July 1994 impacts of the Comet
model. At the 1996 and 1997 Geospace Environment ModShoemaker-Levy-9 fragments. The aim of this work is to
eling Snowmass workshops they participated in the joint sesaccount for the low-latitude ultraviolet aurora observed by
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HST after the K fragment impact, and the frequency-gan completed an extensive study of the shock waves within
dependent enhancements of decimetric synchrotron emishe stellar jet HH 111 that was published this year in the AJ.
sions observed after the impacts. Because neutral hydrogen can become collisionally excited
Professor Paul Cloutier and his students continued theiat the shock front, one can use it to mark the location of the
analysis of 14 years of Pioneer Venus Orbiter data. Accomshocks. By comparing high resolution HST images with
plishments to date include extensive study of the daysidground-based spectroscopy, Hartigan and collaborators
ionosphere of Venus covering a variety of topics, suctilas found clear evidence for multiple bow shocks, and Mach
wave-particle mechanisms at the ionopause, including missdisk/bow shock structures in several locations along the flow.
ing pressure in the Venus ionosphere, and a model of supetThere is evidence that the medium which surrounds the jet
thermal ion behavior(2) structure and dynamics of the Ve- has a much lower density than the jet itself, implying that the
nus ionopause and ionosphere, including Venus ionopausgrrounding medium plays a negligible role in the jet dynam-
formation, and magnetic signatures and structure in the daycs once the jet has emerged from the environs of the accre-
side Venus ionosphere; afi8) flows and fields in the Venus tjon disk.
ionosphere, including refinement of the flow/field models of Hartigan is Pl on two HST projects that involve young
the ionosphere with comparative applications for other solaktg||ar objects and jets, and a Co-I on a third such project,
system bodies. In addition, progress continues to be made #ach of which should obtain data within the next year. The
understanding the dynamics of the nightside ionosphere Gfyst project, in collaboration with J. Morse and J. Bally at
Venus, such as the structure, instabilities, and electric fielgglorado, is a narrow band imaging study of HH objects in
noise in Venus's ion troughs. ~ the Cepheus A outflow. The goal is to examine how the
Recent work includes the discovery of a magnetic fieldspatial distributions of k emission, which outlines the lo-
rqtation at the dayside Venus ionopause Whi(_:h correlategation of shocks, anfB 1] emission, which shows where the
with the boundary between post-shock solar wind flow andyss cools, vary across the region. Cepheus A is probably the
Venus thermal ions. From these observations a new configysest example of a simple, extended bubble driven by a high
ration for the dayside magnetic field draping has been de\7elocity flow, and we hope to understand how energy and

rived. In addition, a new current system to account for thiSyomentum propagate in such flows, and the degree to which
changing field orientation is being explored. These new feajsiapilities affect the observed structures.

tures of.the d_a_yside have ingtige}ted a rgexamination of 'the Hartigan is Pl on a project with S. Kenyd&fA) to ex-
mechanics driving the solar wind interaction at Venus. Whileymine spectra of close binary T Tauri stars to determine how
the data currently available is specific to Venus, there is @naterial accretes onto very young binary systems when they
great opportunity for comparative atmospheric studies. a6 gfill surrounded by their nascent disks of gas and dust.
Assuming Mars also represents a nhon-magnetic obstacllqartigan is also a Co-l on a team led by B. Reipurth to

to the flow, as past experimental observations indicate, thg, o ine proper motions of HH objects with HST. These new

field diagnostics established at Venus make it possible t?mages will be combined with existing HST images to create

probe the stru_cture of the Martiap lonosphere using Magne; ‘movie’ of the jet as it emerges from its protostellar disk.
tometer data in the absence of ion mass spectrometer data. 5¢ part of his senior thesis, undergraduate Jason Tumlin-

This discovery has led to diagnostic tools for interpretationsOn analyzed ultraviolet FOS spectra of the bow shock HH

of the Mars Global Surveyor magnetometer experiment dat 7A, and concluded that multiple shocks were needed to

Ior Wr:;:: h I\C/llglétler s_er\{{e_s g_s atCO-Investtl?ator. Ea;'%_r?dsm:csexplain the observations. Hartigan continued this analysis
rom the ) t_prOJec n 't(;]a € af crus ?thremlnant Z Odover the summer, and has successfully explained the relative
Surprising variation across the surtace of the planet. Already, , ¢ of the many ultraviolet Fe Il lines visible in the spectra

Qata ha_ve ShO\.Nn what appear o be a range of solar W'ngy a combination of resonance absorption and optically thin
interactions taking place including one similar to Venus. The

X . ontaneous decay. This work is currently being prepared for
next year will be very busy analyzing the vast amounts Oﬁs)ﬁblicationu y. ThiS workis cu y being prep
datg frrrorEﬂM(éIS. tier and araduate student Dana Crider ar Professor C. R. O'Dell was on sabbatical leave through-
urrently ©Ioulier and graduate stude ana €rar%ut this report period, having been awarded a Humboldt
working on mapping the electric potential across the daySIdFFBrize from the Alexander von Humboldt Foundation of Ger-

of Venus. Cloutier and graduate student Pete Walker have : .
- : . many, and was resident at the Max Planck Institute for As-
recently finished a current model for the nightside Venu

ionosphere and are working on matching it with the daysidstronOmy In Heidelberg. There he helped to organize a con-

ionosphere using the thesis results of Research Scient?ﬁé%?gf at the Ringberg Castle on the Orion Star Formation

Colin Law. Law is now working on Mars Global Surveyor . . .
g y O’Dell continued to analyze the circumstellar disks sur-

data while extending his Venus research. rounding stars in the Trazpezium Cluster. This work in-
cluded observations of one such object with the new NIC-

4.2 Galactic Astronomy MOS camera of the HSTChenet al. 1997, showing that
) the inner disks are molecular, and analysis of HST WFPC2
4.2.1 Young Stellar Objects images which shows that the “proplyds” are ionization

Assistant Professor Patrick Hartigan continued his rebounded on the sides facing the photoionizing star which
search into the formation of shock waves within stellar jetsproduces M42 ¢*C Ori) and that their atmospheres more
As part of a collaboration led by B. ReipurteSO, Harti-  closely resemble the exponential density decrease which is a
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hallmark of an equilibrium situation than the%distribution  is studying O and N abundances from faint recombination
which is expected from an ionization front suffering a highlines and the spatial variation of temperature across the nebu-
rate of photoablatioiO’Dell, 1998. This may explain why lae. In 1996, Dufour and H. Caskeda of IAC/VILSPA

the proplyds have been able to survive even though close t®Gpain imagel M 8 and M 17 in the nebular and auroral
61C Ori. O'Dell also co-authored a review paper on staremission lines ofN 117 and[O Ill] with the 1-m telescope at

formation (O’Dell & Beckwith 1997). La Palma to extend the,Zdmapping studies. Dufour and Har-
tigan are collaborators in a group, led by D. Walter, in a HST
4.2.2 H Il Regions Cycle 7 program of UV-optical-IR spectroscop§TIS) and

imagery (WFPC2 and NICMOS of the Perseus Arm H Il

O’Dell and Hartigan concluded their HST program of im- region and wind-driven bubble nebula, NGC 7635,

aging of the Herbig Haro objects found near M@2'Dell
et al, 1997. They found that there are two HH systems, one
arising from the OMC-1 embedded source near IRc-2 and-2-3 Planetary Nebulae
another formed of shocks generated in the foreground lid of In collaboration with Andreas Burkert of Heidelberg
neutral material which seals the front side of M42. O’Dell extended the analysis of the Cometary Knots found in
As a complement to the HST imaging of the Orion the Helix planetary nebuldAU Symposium 180, in press,
nebula, Hartigan, O'Dell, and collaborator J. Morgeolo-  1997; ApJ, submitted It appears that these objects are stable
radg have been reducing and analyzing an extensive set afgainst photoablation by the hot central star, although the
Fabry-Perot images of the Orion nebula taken at the CTIQonfining mechanism remains uncertain.
1.5-m in the lines of K, [N Il], [S II] and[O IIlI]. These Dufour has been collaborating with S. Torres-Peimbert,
data isolate the high velocity flows from the backgroundM. Peimbert, and M. Penof IA/UNAM (Mexico) on HST
photoionized gas clearly for the first time in an H Il region. imagery and spectroscopy of two halo PNe, DDDM-1 and
The blue shifted objects are primarily Herbig Haro objects,M2-29. HST WFPC1 imagery of M2-29 revealed a jet ema-
while the proplyds were found to show jet-type flow to both nating from the central star, and FOS UV-optical spectra
the blue and red. Results based on[idl] and[O Ill] data taken in 1995 indicate that the N and O abundances in this
cubes were published this ye@@'Dell etal, 1997, and PN are higher than previously believed; hence, this star is
Hartiganet al. are currently working to reduce the remaining unlikely to be a member of the halo. He is also collaborating
data cubes for eventual publication as a CD-ROM which willwith astronomers in Mexico and Spain in a program of in-
be made available to the astronomical community. A similarterference imagery of bright PN in the lines[@ 111 ] and[N
set of data taken by Hartigan, Morse and P. Paliy@&&FQ II'] to map the electron temperature distribution across these
in December 1996 at the KPNO 4m telescope for the youn@bjects. He is also part of a group, including R. Rubin
stellar outflow L 1551 are currently being analyzed. Two(NASA-Ames, P. Harrington (U. Maryland, S. Colgan
undergraduate students, Shane Bowen and Chris Coc@ASA-Ames, and D. Levine(IPAC) pursuing a compre-
helped to analyze the FP data with Hartigan last summer. hensive U\WHST)-opticalSPM)-IR(ISO+HST) spectro-
Professor Reginald Dufour has been pursuing numerouscopic study of abundances in bright PN from comparisons
projects related to imagery and spectroscopy of Galactic andf both T.-sensitive and J-insensitive emission lines of
extragalactic H Il regions, planetary nebulae, and the shellglentical ions. In early 1997 Dufour also began a collabora-
ejected by massive stars. Dufour and O’Dell are collaboration with R. Henry(U. Oklahoma and K. Kwitter (Williams
tors among a group, led by R. H. Rubin of NASA-Ames, College in a UV-optical abundance study of the nearest PN,
which have obtained HST observatio/FPC, WFPC2, NGC 7293, based on reprocessed IUE and new KPNO opti-
FOS, & GHRS of the Orion Nebula in three observing cal spectra.
cycles aimed at detailed model analyses of physical condi- Dufour is Pl on a HST Cycle 5 program of FOS UV-
tions and abundances. Papers on three aspects of the studiegtical spectroscopy of condensations ejected by the super-
formation of the low-ionization lines ofO I] and [Fe II] massive star Eta Carinae last century. Excellent FOS spectra
(Baldwin et al, 1996, the gaseous-phase Fe abundance frontovering the 1150—-8500 A wavelength range were taken of
the UV [Fe 1IV] 2837 A line (Rubin et al. 1996, and the ten locations in the ejecta surrounding Eta Carinae. Graduate
N/O ratio in Orion derived from the UV N 112139/43 student Tim Glover and Dufour have largely completed the
A doublet (Rubin et al. 1997 have been completed. Addi- analysis for the “S” condensations located SW of the central
tional papers on temperature and density diagnogdcsl  object and the prominent jet to the NW. They found that N/O
fluctuations theregf the UV-optical extinction curve, and and C/O are enhanced in these ejecta by factors 900
abundances of CNONeSiFe in the Orion Nebula are beingver ISM values near the sun. In addition, the UV emission
prepared. New observations of the spatial variation of UV-lines of nitrogen appear in four ionic stat@sIl, N Ill, N IV,
optical emission lines across ionization fronts, possibleand N V), indicative of radiative shocks with velocities 120—
wind-shock fronts, and protostellar objects in the Orion150 km/s for a gas that is N-rich and correspondingly de-
Nebula using STIS on HST are being executed in Cycle 7.pleted h C & O. Results on these regions, the homunculus,
In addition to Orion, Dufour has acquired echelle spec-and recently obtained spectra of the NE jet were presented by
troscopy and interference filter imagery of several H Il re-Glover and Dufour at the 1996 October Luminous Blue Vari-
gions using telescopes at San Pedro Martir Observatory iables meeting in Kona, HI. Collaborators on this study in-
Baja. In collaboration with M. Peimbert and R. Costero of clude J. HestefArizona St), D. Currie (U. Maryland, and
IA/UNAM (Mexico) and D. Walter(South Carolina St, he  D. van Orsow(STSc).
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4.2.4 Supernova Remnants HST images suggests that an enhanced jet of relativistic

Hartigan and graduate student Parviz Ghavamian haveind is flowing. Along the same lines, he is developing a
finished a model of the free-free emission expected fronyay of calculating the interaction of a plasma with large
radiative shocks at high densities. This work takes into ac@mplitude electromagnetic waves. The assumptions of stan-
count that the optical depth and orientation angle affects thélard plasma physics preclude such calculations. This work
observed spectral indicies. A paper on this work will be subWill soon be submitted.
mitted to the ApJ by the end of 1997. Hartigan, J. Raymond Michel's work with Ben Eastlund and Ben Miller on
(CfA) and C. Smitn(Michigan) are working on a project that Pulsed gamma rays from pulsars, recently published, shows
will become part of Ghavamian’s Ph.D. thesis, which is tothat pulsed gamma rays need not come from polar caps but
study the Balmer decrements and line profiles of nonradiatather can be produced by an isotropically filled magneto-
tive shocks in supernova remnants. They plan to investigatéPhere.
several fundamental aspects of shock physics that can only Professor Jon Weisheit and graduate student David Geller
be studied in nonradiative shocks, such{Bswhether or not have finished their study of how intensee. megagausgs
the particle energy distribution is Gaussi&2), the degree to magnetic fields alter the small-angle limit of Rutherford scat-
which electron and proton temperatures differ behind thdering of electrons by ions; this work is described in a forth-
shock, (3) the importance of radiative transfer in resonancecoming article in Physics of Plasmas. Deflections tend to be
lines of H, and(4) the effect of the magnetic field orientation inhibited when the electron cyclotron radiug B less than
on temperature equi”bration. the plasma Debye IengtheD However, unlike the field-free

Professor Edison Liang, with student Katherine Keilty, c@se, there can be both positive and negative changes in the
embarked on a new project at LLNL to explore the use of thePerpendicular component of the electron velodity More-
big lasers such aNlovaand the futureNIF to simulate the ©OVer, in addition to a change in the trajectory pitch arsle
interaction of supernova ejecta with the circumstellar matterscattering also can result in a rotation of the velocity vector
particularly the pending impact of SN1987A with its inner around the cone it traces out in the absence of any scattering.
ring. With the help of large scale 1-D and 2-D radiation- This second possibility does not result in a change of pitch
hydrodynamic codes, they are mapping out the physical paangle, but does contribute to the overall diffusionvbfvith
rameter space achievable with laser target interaction and it§ne. The main effect on transport phenomena is to diminish
scalability to the astrophysical parameter space. Preliminarf€ Coulomb logarithm, with the uppermost effective impact
results show that the shock velocity, electron temperatur@arameter being well approximated tfe/sina) instead of
and the ratio of Coulomb mean-free-path to the scale size dPe- In the atmospheres of magnetic white dwarf stars, these
both cases are very similar. Laboratory experiments are egoodifications can reducgaralle) electrical and thermal re-
pecially useful for studying the evolution of radiative shocksSistivites by an order of magnitude.

and Rayleigh-Taylor instability of the shock interaction re- Work by Geller and Weisheit now in progress concerns
gion. the effects of intense magnetic fields on thermal bremsstrahl-

ung, again, through the modification of collision trajectories;
one can also view the general process as interruption of cy-
clotron emission by(modified Coulomb collisions. Their
‘goal is to develop convenient formulae for Gaunt factors
hich include the principal magnetic field effects.

4.2.5 Stellar Plasmas, Neutron Stars

Professor F. Curt Michel continues to be active in theo
retical work concerning the properties of neutron stars an
their evolution. Within the last year he has begun to work on
a model to simulate the particle motion about a rotating neu- ) )
tron star with aninclined magnetic field. An extension of 4-2-6 High Energy Astrophysics
earlier work with Jurgen Krauss-Polstorff is now being un-  Liang, with Research Scientist lan Smith, Postdoc Markus
dertaken with Research Scientist lan Smith and graduate stBottcher, and graduate students Anthony Crider and Dechun
dent Peter Thacker. So far, Michel and collaborators havé&in, made major advances in the study of Gamma Ray Burst
been able to simulate shut-down pulséalgned, with only  spectral evolution. Using state-of-art Monte Carlo relativistic
emission of particles from surfagepair-production configu- radiation transport codes, they constructed spectral evolution
rations(aligned, with pair production if E-fields sufficiently models based on the idea of multiple Compton scattering
large, and have shown that the entirely filled magneto-which satisfy most know spectral and temporal properties of
spheres originally proposed collapse to an inactive domeBATSE gamma ray bursts. Crider, supported by a NASA
torus configuration. Future efforts will attempt to extend thisGSRP Fellowship, also discovered new properties of gamma
work to the more interesting case of an inclined magnetiaday burst low energy spectral evolution that rule out the
field. popular synchrotron shock model. Motivated by the recent

Michel is also involved with analysis of HST images of discovery that GB970508 is most likely cosmological, Liang
the Crab Nebula which shownajor variations in the so- generalized the saturated Compton cooling model to the cos-
called “wisps” on times scales a short asveek in collabo-  mological context. This requires that the radiating plasma be
ration with a group headed by Jeff Hester at Arizona Statea Thompson thick, but physically thin, dense spherical shell
University (see Session 75 of the June 1996 AAS meeting expanding at a typical bulk Lorentz factor of several hun-

Michel is also collaborating with Hui L{LANL) on nu-  dreds. For bursts with multiple pulses, this model requires
merical calculations directed at simulating winds from pul-that the pulses correspond to multiple ejections from a cen-
sars. Of particular interest are the polar regions where th&al engine, rather than a single blast wave interacting with
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an inhomogeneous ISM. This model predicts that the lat@rehensive study of the UV-optical spectrum of the peculiar
time pulse profile should follow a simple power law with dusty H Il region in the SMC N88A based on FOS and CTIO
decay index close to unity. spectra. They are awaiting the results of HST WFPC2 imag-
Bottcher, in collaboration with H. Li(LANL) and M. ery, scheduled for 1997 October, to complete this project as
KusunosgJapan, is leading a development of a state-of-the- Kurt's thesis for the M.S. degree. Despite the exceptionally
art, time-dependent, and space-dependent Monte Carlo cotdégh dust content of this nebula, the CNO abundances are
for Comptonization with hybrid thermal and nonthermal similar to that of the general ISM of the SMC. The basic goal
relativistic leptons. This highly versatile code is being usedof these studies, taken together, is to obtain a realistic sce-
to simulate a large variety of high energy sources includingnario of the evolution of the CNO element group, and poten-
gamma ray bursters, black holes, neutron stars, and AGNstial depletion effects by dust, in the ISM of star-forming
Liang and former student Luo continued to work on tran-galaxies.
sonic accretion disk models of black hole candidates. These Dufour participated in a large collaborative effort, prima-
solutions complement and generalize the currently popularily led by E. Skillman(Minnesota, in studies of the star
advection dominated accretion flows. Using such disk modformation history of several nearby irregular galaxies with
els Liang has computed the spectral output and discoverddST. Observations of Sextans A, Leo A, GRS, and 1Zw18
that the spectral state transitions in Galactic black hole canwith HST have been obtained, or have been scheduled for
didates can be caused by changes in the viscosity or thE997-1998. Dufour is currently leading the study of the most
sub-Keplerian angular momentum value at the outer disknetal-poor star-forming galaxy known — | Zwicky 18 — us-
boundary. ing HST imagery and spectroscopy. The results of WFPC2
With former Rice student Michael Moss and undergradu-imagery has been reported in several meetings and confer-
ate visitors Julia Dobrinskaya and Sameer Sheth, Liang anence publications and is currently being written up for pub-
collaborators continued to analyze and model the spectrdication in the AJ. These HST imagery results showed that
and temporal data of black hole candidates from many exiZw18 and a second Im galaxy located 15 arc sec to the NW
periments, including CGRO, RXTE, and ASCA. Liang is a are both resolved into stars and the second galaxy could be
guest observer on CGRO and RXTE. Objects observed thias near as 2 kpc to the starbursting main body. This was

past year include GX339-4, GRS1758 and 1E1740.7. confirmed from a long-slit spectrogram of the brightest emis-
sion knots in 1Zw18 and the companion with the 4.2m Wil-
4.3 Extragalactic Astronomy liam Herschel telescope in La Palma in 1996 Febry@ny-

four, Esteban, and Castenada, 199@e radial velocities of
CiA loring th . £ which clust ¢ gal the two galaxies were found to be identical within errors of
at ) are exploring the question of which clusters o 98 measurement. Hence, the ionized gas which surrounds

a_xie_s are relaxed.e., in (_lenamical equilibriu_m. The@r analy- IZw18 may have been tidally disturbed by the companion
SIS 1S based on comparing the true_, tV\_/o-p0|_nt spatial aUto_Cor(jalaxy. This discovery adds a new complication to the pecu-
relation func_tlon for pairs of galaxies in a given Cluster V‘_”_th liarities to the history of this most metal-poor galaxy known.
a_utocorrelaﬂon functions computed for simulated equlllb'In order to sort out the effects of the interaction between the
h hat f imulati £l ith rel lfwo galaxies, Dufour and P. ShopbéBaltech obtained ex-
shows that, for computer simulations of clusters with reéla- et 15 kmy/sec resolution Fabry-Perot observations of

tively large radii, the autocorrelation function generally has aHaIpha emission between IZw18 and the companion with the
linear form. This contrasts sharply with the power-law form alomar 5-m telescope in 1997 February

that is well established observationally for loosely correlate Postdoc Eticher continued his work on AGN spectral

_ob;ects such as field galaxies, or WhOIG_ Clusters. Next, the}ﬁwodels. His results confirm that the spectral peak of gamma
intend to construct autocorrelation functions for actual clus-

AR A S . ray Blazars can be explained in terms of synchro-compton
ters and determme 'f? In projection, significant differences mission from relativistic jets, and their spectral variability
exist between spiral-rich and spw_al-poor clusters. A Cfirefu an be caused by changes in the Doppler factor.
treatment of cluster edge effects is expected to be quite im-
portant here.

Dufour continues a collaboration with D. Garnett and E.
Skillman (U. Minnesota, and G. Shield$U. Texas to study Progress continues on construction of the IRFP, a fully
the UV spectra of H Il regions using FO&@nd now, STI$  cryrogenic high resolution Fabry-Perot interferometer that
on HST in several irregular and spiral galaxies. FOS spectrwill operate in tte 1 - 2.5um range. Partners in this collabo-
of two H Il regions in 1Zw18 have been acquired during ration include P. Hartigan at Rice, G. Cecil at UNC and the
1995/6 and confirmed earlier suspicions that C/O is highestaff at CTIO. Optical design for the instrument is complete,
by about 0.3 dex compared to several other very-metal-pocand construction of the dewar should begin shortly. The in-
irregular galaxies(Garnett et al, 1996. HST FOS UV- strument will be installed initially at the 1.5-m and 4-m tele-
optical spectra of H Il regions in the spiral galaxies M 101scopes at CTIO, and after a checkout period will be made
and NGC 2403 have also been obtained are being used @wailable to the general astronomical community.
study the C-abundance gradient in spiral galaxies for the first
time. Some of their results for NGC 2403 have been acPUBLICATIONS
cepted for publication(Garnettet al, 1997. Graduate stu- Baldwin, J. A., Crotts, A.,Dufour, R. J., Ferland, G. J.,
dent Cindy Kurt and Dufour have largely completed a com- Heathcote, S., Hester, J. J., Korista, K. T., Martin, P. G.,

Weisheit and undergraduate student Kenneth Rinew

4.4 Instrumentation Development
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