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The following report covers the Department activities fromlution of Gamma-Ray Bursts,” Colin C. Law for “Currents

October 1995 through October 1996. Updated informatiorand Magnetic Field Structures in the Dayside Solar Wind

can be accessed through our URL, http://spacsun.rice.edu.Interaction with Venus and Mars,” and Mauricio Reyes-
Ruiz for “Magnetic Fields in Protoplanetary Disks.”

1. INTRODUCTION

In 1963 Rice University took a bold step into the explo- 3. FACILITIES
ration of mankind’s newest frontier with the establishment of The department is located in the Space Science and Tech-
the first Department of Space Science in the United Stateology Building on the Rice campus. In this building are
Today, as the Department of Space Physics & Astronomy, igngineering and shop facilities for the production of labora-
strives for excellence in graduate education and researqyry equipment and flight hardware for satellite, rocket and
across a broad spectrum of topics in physics & astronomyalioon-borne experiments. Professors K. Smith, F. Dunning,

ranging from the Earth’s climate to Cosmology. and G. Walters have laboratories for experimental atomic
and molecular physics studies and R. Haymes has a labora-
2. PERSONNEL tory for gamma-ray telescope development.

Most faculty and staff offices occupy the second floor of
the building, which also includes our computational and data
Seventeen personnel constitute the primary resident acanalysis facilities. Several Sun sparcstatidiscluding a
demic and research staff. For the 1996/97 academic yeagerver, “spacsun), a Vax cluster, X-terminals, and Macin-
Professors were P. A. Cloutier, R. J. Dufour, A. A. Few, Jr.,tosh computers are networked together with other campus-
J. W. Freeman, R. C. Haymes, E. P. Liang, F. C. Michel, Cwide systems and the world-wide internet.
R. O'Dell, P. H. Reiff (chair), J. C. Weisheit, and R. A. Undergraduate and graduate students have the opportunity
Wolf. Assistant Professors were A. A. Chan and P. M. Har-to use a variety of telescopes in education and research, rang-
tigan. Distinguished Faculty Fellows were T. W. Hill and K. ing from small instruments located on the roof of Fondren
A. Smith. T. S. Ledley was a Senior Faculty Fellow. In 1996 Library, to computerized 14- and 36-inch telescopes at the
July, F. R. Toffoletto joined the department as a FacultyGeorge Observatory, located in Brazos Bend State Park, 35
Fellow. miles southwest of the campus. In addition, students use fa-
Affilitated Faculty (from other University departments cilities at the Lunar and Planetary Institute in nearby Clear
were Professors F. B. Dunnir{ghysicg, D. Heymann(ge-  Lake City, as well as the laboratories for space instrumenta-
ology), and G. K. Waltergphysics. Adjunct faculty were tion development at the Southwest Research Institute in San
Adjunct Professors D. BlackLPI), W. C. Horton, Jr.(U.  Antonio, Texas.
Texas, Austin, J. D. Winningham{SWRI), and D. T. Young
(SWRI); and Adjunct Associate Professors T. F. Stepinskiy RESEARCH
(LPI) and J. H. NewmariNASA-JSQ. W. E. Gordon was a
Distinguished Professor Emeritus. J. W. Chamberlain, A. J4.1 Space Science
Dessler, anq R. F. Stebbi!’]gs were Profe;sor§ Emeritus. él.l.l Earth and Atmosphere
R. W. Spiro was a Senior Research Scientist; C. Law an

I. A. Smith were Research Scientists. Postdoctoral Research Professor A. Few's research interest is atmospheric phys-
Associates were X. Hu, Z. Huang, P. Krisko, B. Lindsay H ICs with a special emphasis on atmospheric electricity and
Straub. and W. Wu. ’ ' ' "Earth system science. In the experimental area he has data

from a suite of instruments that operated at the South Pole
for a three-year period; these measurements monitor the total
global thunderstorm activity, a parameter strongly influenced
At the beginning of the 1996/97 academic year, 28 stuby global warming. Few is also active at the national level in
dents were enrolled in full-time graduate study and two partglobal change or Earth system science education. He is an
time. Of these, four joined the department for graduate studputhor-participant in the Global Change Instruction Program
in 1996 August. In addition, seven junior and senior under{NSF and NCAR, and in the Earth System Science Educa-
graduates were enrolled in our “Space Physics & Astronomytion Program(NASA and USRA. These programs share the
Option” study program towards obtaining a B.A. degree ingoal of developing undergraduate courses and teaching ma-
Physics. terials in the interdisciplinary areas of global change or Earth
During our May 1996 Commencement, four Ph.D. andsystem science.
five M.S. degrees were awarded. The Ph.D. recipients and Senior Faculty Fellow T. Ledley’s recent work has em-
dissertation titles were Xihai Hu for “High Velocity Flows phasized understanding the role of the polar regions in shap-
and Shocks in the Star-Forming H Il Region: The Orioning global climate on a wide range of time scales by exam-
Nebula,” Vincent E. Kargatis for “Continuum Spectral Evo- ining the possible mechanisms of climate change. The polar

2.1 Academic and Research Staff

2.2 Students
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regions of the Earth can have a large impact on global cligraduate student Andrew Urquhart and an undergraduate stu-
mate despite the fact that they occupy a small percentage dent are investigating the detailed response of the magneto-
its total area. The main feature of the polar regions that makephere to changes in the Interplanetary Magnetic Field, par-
them different from others is the presence of snow and iceticularly in times where the IMF is nearly parallel to the
The impact of snow and sea ice on the climate of the polaEarth’s field near the boundary. Graduate student Ben Boyle
regions and globally has been examined with a coupled eris analyzing Dynamics Explorer and DMSP data to create
ergy balance climate-thermodynamic sea ice model that inempirical models of the reaction of ionospheric electric fields
cludes a hydrologic cycle. The modeling studies show thato changes in the solar wind. Graduate student Shan Xue is
snow and sea ice have a large impact on the energy exchanggeating quantitative models of the ion injection from the
between the atmosphere and ocean, and that changes in thalar wind to the magnetosphefentering at the cusps,
interaction affect climate. where Earth’s field becomes connected to the JMPost-
Ledley’s work has led to current research on the shortegioctoral associate Paula Krisko is analyzing Dynamics Ex-
time scales, which involves examining the effect of variousp|orer particle data to create a numerical model of electron
atmospheric and oceanic processes on the sea ice regime|gs from the ring current, important or modeling efforts at
the Ross Sea and the subsequent impact on the climate S¥Sice and elsewhere. Reiff is also a Co-Investigator for the
tem. On the longer time scales she is examining the mechaymAGE” mission, recently selected by NASA as its next
nisms that produce the large scale glacial/interglacial cyclegpex. Using new techniques such as neutral atom imaging
recorded in the geologic record, and has recently incorpoang radio sounding, IMAGE will for the first time be a re-
rated a dynamic ice sheet model into the coupled system ifote sensing tool for the entire magnetosphere. Her students
order to study the interactions between the different compogij pe working with the theoretical group as well as with the
nents of the climate system on the ice age time scales.  pargware and spacecraft design.
Assistant Professor A. A. Chan is continuing a theoretical
4.1.2 Earth’s Magnetosphere and Space Weather study of the effects of anisotropic plasma pressure and ki-
Over a period of many years, Professor R. A. Wolf angnetic effects on MHD equilibrium apd -s.tability in the Earth’s
collaborators have developed a computer code called th@agnetosphere. Anisotropy can significantly lower both the
Rice Convection Model, which has proved to be an effectivevave eigenfrequency and the instability threshold for bal-
research tool for studying the dynamics of the Earth’s innefo0ning modes (pressure-gradient-driven MHD modes
magnetosphere. A group led by Professors J. W. Freeman, Resonant wave-particle instabilities are also considered.
A. Wolf, and Senior Research Scientist R. W. Spiro hasThese studies use linear gyrokinetic theGayself-consistent
more recently developed a streamlined, data-driven versiokinetic theory of low-frequency waves and instabilities in
of the Rice Convection Model that is designed to run fromPlasmag Theoretical results are compared with spacecraft
real-time space and ground data. This real-time model, callegeasurements of wave and particle properties.
the Magnetospheric Specification Model, can thus provide an Chan and graduate student Karen Klamczynski have
up_to_date picture of the state of the inner magnetosphere. made test partiCle calculations of the nonlinear dynamiCS of
now runs routinely at the U. S. Air Force’s space forecasfing current ions in magnetospheric hydromagnetic waves.
center, and it is also proving to be a useful tool for theThe primary motivation for this work comes from recent
scientific analysis of space data. It was recently used to den§pacecraft observations of intense sub-auroral ion precipita-
onstrate that bursts of enhanced magnetospheric convecti¢i®n. Chan and Klamczynski are investigating whether a
are responsible for the injection of new ring current particlegoounce resonance with hydromagnetic waves is responsible
in a magnetic storm, and that the magnetic reconfigurationfor the ion precipitation.
involved in magnetospheric substorms play a relatively mi- Chan is the principal investigator on a project to model
nor role. the so-called “killer electrons,” relativistic electrons which
As part of the National Space Weather Program, Distin€an cause significant damage to scientific and communica-
guished Faculty Fellow T. W. HiliPI) in collaboration with ~ tions spacecraft. The project is part of the National Space
R. W Spiro, F. R. Toffoletto and R. A. Wolf plan to couple Weather Program. Chan and graduate student Karsten
the Rice Convection Model with the open magnetospherdraaten have developed a preliminary simulation model
model. The coupled code will provide a unique capability forbased on the Magnetospheric Specification and Forecast
self-consistent multifluid numerical simulation of global, Model. The preliminary model simulates the proton radiation
time-dependent magnetospheric convection with a minimuntelts during a large magnetic storm. Chan and graduate stu-
of input parameters, primarily the solar wind ram pressuredent Hee-Jeong Kim are studying the fully-adiabatic re-
the vector interplanetary magnetic figldiF), and an inde- sponsegall three adiabatic invariants conseryed relativis-
pendently specified modéeémpirical or theoreticalof mag-  tic electrons during magnetic storms.
netotail substorm variations. They plan to then use this ca- Chan and R. Denton, E. Belova, and M. Hudson at Dart-
pability to simulate specific geomagnetic storms, using solarmouth College, are developing a hybrid MHD-gyrokinetic
wind data as input and magnetospheric data to validate theomputer code to calculate the self-consistent nonlinear evo-
model results. lution of magnetospheric hydromagnetic waves and the in-
Professor P. Reiff's group is active in studies of theduced particle transport. He is also collaborating with L.
Earth’'s magnetosphere and “Space Weather.” As a Co-l orChen at the University of California at Irvine, in developing
the Polar spacecraft, launched in February 1996, she argkneral equations for the transport of mass, momentum and
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energy across the dayside magnetopause due to low fraurora observed by HST after the K fragment impact, and the
guency waves. Chan and C. Z. Cheng and J. Johnson &equency-dependent enhancements of decimetric synchro-
Princeton University continue studies on kinetic effects ontron emissions observed after the impacts.

MHD modes in the Earth’s magnetosphere.

Faculty Fellow F. R. Toffoletto and R. A. Wolf have 4.2 Galactic Astronomy
started a collaboration with J. Birn of Los Alamos National
Lab and M. Hesse of Goddard Space Flight Center to de4.2.1 Young Stellar Objects
velop the first self-consistent computational model of a sub-  Assistant Professor P. Hartigan continued his studies of
storm, by coupling the physics of the inner magnetosphergoung stellar objects, jets and shock waves. Some of the
and the ionospheréas represented by the Rice Convectionmost interesting results came from analysis of deep HST
Mode)) and the physics of the taibs represented by the Los images of the stellar jets HH 111 and HH 47. In these sys-
Alamos/Goddard MHD model of tail dynamicsA third es-  tems it is possible to identify the actual location of shocks in
sential element is an equilibrium code that has been devethe outflows by comparing emission line images taken in
oped through a Los Alamos/Goddard/Rice collaboration. The4q with images in[S 11]. A paper about HH 47 featured on
fully merged Tail-MHD/RCM model will be a useful tool for  the cover of theAstronomical JournaWas published in 1996
testing substorm ideas for theoretical consistency and fopctober, and a paper on the HH 111 results is being prepared
making precise theoretical predictions that can be comparefér publication. Our group has been granted time in the next
with observations. Graduate student M. Hojo, R. A Wolf, R.HST Cycle to reobserve these systems and measure proper
Spiro and F. R. Toffoletto are also collaborating with J. Lyonmotions. These new observations will allow us to compare
of Dartmouth College to include the Rice Convection Modelthe motion of the shocks in the jet with those predicted from
in a Global MHD Code. numerical simulations.

Toffoletto and T. W. Hill have continued work on the Hartigan completed a study of the molecular bubble ob-
development of their open magnetosphere model. At theerved in Cepheus A. This region of high mass star forma-
1996 Geospace Environment Modeling Snowmass workshofion has both high velocity shocks that excite optical lines
they participated in the joint session on model comparisongnd low velocity shocks that heat, HThe molecular bubble
with Synoptic Weather Maps. They used their open magsurrounds the optical HH objects, but lies within the confines
netosphere model to derive polar cap convection patterns anst the CO outflow observed at radio wavelengths. A series of
open/closed boundary locations. The model in several casegnall H, knots exists along the interior portion of the bubble,
was able to reproduce the convection patterns reasonabperhaps arising from cooling instabilities in the flow.
well. The model was also used by Terry Onsager who used Hartigan and graduate student Parviz Ghavamian are
the magnetic and electric fields derived from the open modelorking with J. RaymondCfA) to model the free-free and
to trace particles from the magnetosheath to the polar cagynchrotron radiation expected from radiative shocks at high
Using the model, he was able to show that the soft electro@ensities. We hope to be able to explain the observed radio
zone in the polar cap was magnetosheath origin particles thaharacteristics of bow shocks in stellar jets with these mod-
entered the magnetosphere along open field lines. Furthegls, and may apply the models to supernovae remnants. As
more the combined model was able to provide a possiblgart of his senior thesis, undergraduate Jason Tumlinson has
explanation for a dropout of particle fluxes in the polar capbeen exploring the use of Ne V as a diagnostic in astrophysi-
as a natural consequence of model geometry. Postdoctorghl shocks. The goal is to identify regions of Ne V emission
associate Cheng Ding and Graduate student Jinwen Song &i¢ carefully comparing narrow-band images taken in the line
preparing a new version of the open magnetosphere modahd adjacent continuum with a blue-sensitive CCD camera.
for distribution on the internet. Observations of Ne V will help to quantify the shock veloci-

ties in the target objects.
4.1.3 Solar System Plasmas

Professor P. A. Cloutier and his students continue theif*-2-2 H Il Regions
analysis of 14 years of Pioneer-Venus data. Recent work Professor C. R. O’Dell and his students continue to inten-
includes the discovery of a magnetic field rotation at thesively study the Orion Nebula with the HST and ground
dayside Venus ionopause which correlates with the boundarglescopes. Together with graduate student Shui Kwan
between post-shock solar wind flow and Venus thermal ionswong, he completed and published the results of a survey of
This discovery has led to diagnostic tools for interpretationthe stars and compact emission line sourd&€96, AJ, 111,
of the planned Mars Global Surveyor magnetometer experi846), the latter being circumstellar disks photoionized by the
ment, for which Cloutier serves as a Co-Investigator. Trapezium stars. His student, Xihai Hu, completed his Ph.D.
Professors T. W. Hill and R. A. Wolf continue their study dissertation in 1996 May and has had accepted for publica-
of rotationally driven magnetospheric convection at Jupitertion (AJ) a study of the kinematics of the Orion HH objects.
This work involves numerical simulation of the outward O’Dell also collaborated with M. J. McCaughrean of the
transport of plasma from the centrifugally unstable lo plasmaviax Planck Institute for Astronomy in Heidelberg on a pa-
torus. They are also developing a simulation model of inneper presenting detailed observations of the circumstellar
magnetospheric perturbations induced by the July, 1994 imdisks around young stars that are seen in silhouette against
pacts of the Comet Shoemaker-Levy-9 fragments. The ainthe Orion Nebulg1996, AJ, 111, 197Y. A summary of the
of this work is to account for the low-latitude ultraviolet HST Orion results is in press in the Proceedings of the Paris
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HST Science-1l Conference held in 1995 December. Thigpresence of a jet emanating from M2-29. FOS UV-optical
work was also summarized in an article on Orion by Jamespectra taken in 1995 indicated that the N and O abundances
B. Reston, Jr. which appeared in the 1995 December issue @f this PN are higher than previously believed and that it is
the National Geographic Magazine. During the 1996/97 acanot likely to be a member of the halo. He is also collaborat-
demic year, O’Dell is on sabbatical leave at MPIA, Heidel-ing with astronomers in Mexico and Spain in a program of
berg, as a recipient of an Humboldt Senior Research Fellowinterference imagery of bright PN in the lines[@ Il1] and
ship. [N 1] to map the electron temperature distribution across

Hartigan, with C. R. O'Dell and J. Mors@J Colo), has these objects. He is also collaborating with R. Rubin
been reducing an extensive set of Fabry-Perot images of tH&lASA-Ames, P. Harrington(U. Maryland, S. Colgan
Orion Nebula in the lines of H, [N 1l], [S ] and[O 1lI]. (NASA-Ames, and D. Levine(IPAC) on a comprehensive
These data should isolate the high velocity flows from theUV(HST)-opticalSPM)-IR(ISO) spectroscopic study of
background photoionized gas clearly for the first time inabundances in bright PN from comparisons of both
Orion. Together, the FP data and HST images hold the key td.-sensitive and Jinsensitive emission lines of identical
understanding the dynamics of a typical H Il region. ions.

Professor R. J. Dufour has been pursuing several projects
related to imagery and spectroscopy of Galactic H Il regionsy 2 4 supernova Remnants
He and O’'Dell are collaborators among a group, led by R. H. . . o . .
Rubin of NASA-Ames, which have obtained HST observa- .M'Chel IS active in theoretlcgl work concerning the prop-
tions (WFPC, WFPC2, FOS, & GHRSf the Orion Nebula ertles. of neytron stars and t.he|r evqlunon. The prlmgry work
in three observing cycles aimed at detailed model analyses &ere IS to §|mulat§ the particle mqhop about a rotatmg neu-
physical conditions and abundances. Papers on two aspe n star with an inclined magnetic field, and ex_ten5|on of
of the studies: formation of the low-ionization lines[@ I] earlier work with J_urgen Krauss-Polstorif now being under-
and [Fe 1] (1996, ApdLett), 468, L115 and the gaseous- taken with lan Smith _and g_ra(_juate studgnt Peter Thac_ker.
phase Fe-abundance from the [Reé V] 2837A line(Rubin Prqfessor F. C. Michel is mvolved_ with the anegS|s Qf
et al. 1996, ApdLett), in pres3 have been completed. Addi- HST images of the Crab Nebula which show major varia-

tional papers on temperature and density diagnogtcsl t|onsk|r_1 the”sct;—callfad V‘.’;ﬁps on twfr:es dscdalt;a S Ja ;T_lort tas at
fluctuations theregf the UV-optical extinction curve, and WEeK, In collaboration with a group heéaded by Jelt nester a

abundances of CNONeSiFe in the Orion Nebula are beinﬁ:rizona State University. Initial results were presented dur-

prepared. New observations of the spatial variation of UV- gl the ﬁ9§6 Jgne A%SLTﬁiuqﬁ mUM'adlthn. £ Michi
optical emission lines across ionization fronts, possible N coliaboration wi » the Lniversity ot Michigan,

wind-shock fronts, and protostellar objects in the OrionArlzona and C(_)I0rado, Professor E. P. Llang |s_p_a_rt .Of an
Nebula have been proposed using STIS with HST durin ffort to e_stabllsh a laser plasma astrophysu_:s |n|t|at_|ve at
Cycle 7. In addition to this, Dufour has acquired echelle LNL to simulate a_strop_hysmal _phenomena with the big la-
spectroscopy and interference filter imagery of several H ”sgﬁsbat fII‘LNIE'.Th; lﬂela IS to Itraln new p()jlasr?a srt]udgntls vlvho
regions using telescopes at San Pedro Martir Observatory "' be fuent in both faser plasmas and astropnysical plas-
Baja. In collaboration with M. Peimbert and R. Costero of Mas- The first two projects are to simulate the Rayleigh-
IAJUNAM (Mexico) and D. Walter(South Carolina SY, he Taylor instabilities in a supernova and the pending interac-
is studying O and N abundances from faint recombinationtI

lines and the spatial variation of temperature across the nebt\ﬂ\f'” be conducted on the Nova laser and the future NIF laser.

lae. Recently(1996 July, he and H. Castama of IAC Dufour is PI on a program of HST FOS spectroscopy of

Spain imaged M8 and M17 with the 1m telescope at Lacondensations ejected by the supermassive §tar Eta Carinae
I(Datl)mz to egtend the Jmapping studies P last century. In 1995/6 FOS spectra covering the 1150-
R .

8500A wavelength range were taken of ten locations in the
ejecta surrounding Eta Carinae. Graduate student Tim
Glover analyzed the 1995 spectra and reported the results for
O'Dell is also using the HST to study the Cometary Knotsthe “S” condensations located SW of the central object. We
seen in the nearest planetary nebula, the Helix Nebula. Tdound that N/O and C/O are enhanced in these ejecta by
gether with graduate student Kerry P. Handron, he deterfactors of>1000 over ISM values near the sun. In addition,
mined that there are about 3500 of these objects and th#te UV emission lines of nitrogen are seen in four ionic
their characteristic masses are a few times that of the Eartistates(N Il, N Ill, N IV, and N V) and are indicative of
They are in radiative and possibly dynamic equilibrium with radiative shocks with velocities 120-150 km s? for a gas
the central star and will probably survive ablation by photo-that is N-rich and correspondingly depletedG & O. Addi-
ionization. The results of this study have also been publishetonal results on these regions, the homunculus, and recently
(1996, AJ, 111, 1630 obtained spectra of the NE jet were presented by Dufour and
Dufour has been active in studies related to abundance&Slover at the 1996 October Luminous Blue Variables meet-
and temperature variations in planetary nebulae. He is colng in Kona, HI. Collaborators on this study include J. Hester
laborating with S. Torres-Peimbert, M. Peimbert, and M.(Arizona St), D. Currie (U. Maryland, and D. van Orsow
Peéra of IAJUNAM on HST imagery and spectroscopy of two (STSc). As “satellite” investigations to the primary FOS
halo PN, DDDM-1 and M2-29. Lucy deconvolved WFPC observations, parallel WFPC2 imagery of regions in the Ca-
imagery of M2-29 taken in 1992 with HST indicated the rina Nebula were obtained with HST and the results reported

4.2.3 Planetary Nebulae
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at the 1996 January and June AAS meetings. isolated radio pulsar evolution simulations, it was found that
a surprisingly large number of these high velocity pulsars
4.2.5 Stellar Plasmas and Neutron Stars could be seen. This means that any correct model for the

. . A _ . gamma-ray bursters must also be consistent with the radio
Michel is active in theoretical work concerning the prop-

. . ) i Ipulsar observations.
erties of neutron stars and their evolution. The primary wor Professor J. Weisheit and his former graduate student
there ":‘ to ;ltwulatg tr:_e p:rtlcle m?tmfr_] %bout(;a ro;atln.g nefj\/lichael Murillo (now at Los Alamoys have submitted to
ron star with an Inclined magnetic Tield, and extension o Physics Reports their comprehensive survey of atomic and
earlier work with Jurgen Krauss-Polstorff now being under- lasma physics issues germane to the problem of ionization
taken with lan Smith and graduate student Peter Thacker. & hot dense plasmas. The necessity of using dynamic
is also .collab(.)ratlng W'th. Hui .L' at .LANL on numerical screening models is established, and the competing effects of
calculations directed a simulating winds from pulsars. Of

deular int i th I . h the HST | continuum lowering (which tends to increase ionization
particular interest are the polar regions wnere the . 'm_'rates) and coulomb screeningvhich tends to decrease them
ages suggests that an enhanced jet of relativistic wind i

: . ) re shown in several numerical examples. Weisheit and
flowing. Work with Ben Eastlund and Ben Miller on pulsed raduate student David Geller are investigating modifica-

gamma rays from pulsars has recently been submitted, Wh'c?}bns to the Rutherford formula for e-ion scattering in

shows that pulsed gamma rays need not come from pol : ; ; .
caps but rather can be produced by an isotropically fiIIef}rtrongly magnetized plasmas. This work, which has applica

tosph ions to transport coefficients in, e.g., magnetic white dwarf
malgne CIJISE erc;. ith int tional t t ob stars and inertial fusion plasmas, shows that deflection is
n coflaboration with an international team O ODSEIVETS,iyniniiaq even in small impact parameter events, and hence

Research_SC|ent|st [. A. Smith _has been making S|g_n|f|ca at the usual replacement of the Debye length by the cyclo-
progress in a program of multiwavelength observations o ron radius in the Coulomb logarithm is not a good approxi-
the quiescent counterparts to the Soft Gamma-Ray Repeater?ati on

) .

The three known sources produce brief intense outbursts
low energy gamma rays, and it appears they are completel ] ]
new manifestations of neutron stars. The discovery of quies?-2-6 High Energy Astrophysics
cent infrared counterparts to two of them has been a signifi- Professor R. C. Haymes is a member of the international
cant breakthrough, but one which has pointed out our comteam conducting a sky survey with the OSSE on NASA’s
plete lack of understanding of these objects. In contrast, &ompton Gamma Ray Observatory. He and graduate student
counterpart to the third source has only been detected iMichael Moss have been analyzing OSSE data on the Galac-
X-rays. We have been making detailed spectroscopic antic black hole candidates GRS 1009-45 and GRS 1716-249.
photometric observations of all three sources in the opticaBoth the energy spectra and light curves for radiation in the
and near-infrared at the USNO, CTIO, and KPNO auf® 50 - 150 keV energy interval are being investigated. The
using TIMMI on the 3.6-m at ESO, in the far-infrared using analyses are in progress and are expected to form the basis of
IRAS and ISO, in the submillimeter using the JCMT, and inthe Ph.D thesis for Mr. Moss.
the millimeter using BIMA and SEST. Liang continues research in high energy astrophysics in
Research Scientist lan Smith and collaborators have beesollaboration with Research Scientist lan Smith, graduate
performing multiwavelength observations of Galactic blackstudents Anthony Crider, Chuan Luo, Mike Moss, summer
hole candidates. SEST observations of the region arounstudent Sameer Sheth, visiting student Julia Dobrinskaya,
GRS 1739-278 found a variable radio source, although it isnd former students Vince Kargatinow at Hughes STX
uncertain whether this is the counterpart. Radio observationand Hui Li (now at Los Alamosand Dr. Masaaki Kusunose
were made at Narrabri of GX 339-4 during its recent transi-of Japan.
tion to the X-ray high state, in conjunction with our CGRO Liang and Kargatis discovered a new property of gamma
gamma-ray observing run: a preliminary analysis of the radigay burst spectral evolution: for clean long smooth pulse de-
data promise surprising results. A search for an infrared stekays, they find that the spectral break enengfiere most of
lar counterpart to 1E 1740.7-2942 was made using the IRTRhe power comes outlecreases exponentially, not as a func-
the data is currently being analyzed. We are currently settingion of time, but as a function of photon fluen@éne inte-
up multiwavelength observing campaigns to coincide withgral of flux). More recently, Crider, Liang and coworkers
our CGRO and XTE observations of GRS 1758-258 andound additional unique signatures of the evolution of the
GRS 1915-105 in 1997. low energy power law below the break. Together these two
For many years, it was believed that the magnetic fields oproperties suggest that the basic emission mechanism may be
isolated neutron stars decay as they age, although this haaturated Compton upscattering of soft photons with a de-
recently been challenged. To test this, Research Scientist lammeasing Thomson depth.
Smith developed Monte Carlo pulsar evolution codes; the Liang and collaborators further propose that the soft pho-
results of these can be compared with the observed pulsar®ns are self-emitted synchrotron photons in a weakly mag-
New observations have shown that some pulsars are bometized plasma with a field around 0.1-10G. This model also
with much higher velocities than was previously believed,predicts that the ratio of the source distance to the emission
and a popular model for the gamma-ray burst sources usesgion size should be of the order#@m. In addition to
high velocity neutron stars in an extended Galactic halo. Byexplaining most of the known properties of gamma ray burst
adding a population of high velocity neutron stars to thespectra and spectra evolution, this model makes numerous
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guantitative predictions that are currently being tested withevidence for stars at least as old as several 100 Myr are seen
BATSE data. in the WFPC2 images of the companion and thus it could
Luo and Liang found new transonic accretion disk solu-have an effect on the chemical evolution of the system. To
tions around black holes that can naturally explain the multi-determine in the distance of the companion, Dufour, C. Es-
component spectra and multi-state transitions of Galactiteban, and H. Castada(both IAC, Spain obtained a long-
black holes. Liang and students are currently completing thslit spectrogram of the brightestd-knots in | Zw 18 and the
analysis and modeling of black hole spectral data fromcompanion with the 4.2m William Herschel telescope in La
CGRO, RXTE, ASCA and other satellites. They have alsoPalma in 1996 February. It was found that the radial veloci-
performed time variability analysis and found QPOs in manyties of the two knots were identical within errors of measure-
cases. ment and that the ionized gas surrounding | Zw 18 may have
Together with Hui Li and Masaaki Kusunose, Liang andbeen tidally disturbed by the companion galaxy. The results
students are now developing a state-of-art Monte Carlo rahave been accepted for publication in ApJ Letters and new
diation code coupled to Fokker-Planck particle transporbbservations are planned in early 1997.
code for the modeling of emission from compact objects. Dufour, again in collaboration with Garnett, Skillman, &
Liang is a guest investigator on CGRO, RXTE, and ASCA. Shields, are studying the UV spectra of extragalactic H II
In collaboration with an international team of observers,regions using FOS on HST in a variety of galaxies. FOS
Research Scientist I. Smith has been making significanspectra of two H Il regions in | Zw 18 have been acquired
progress in a program of multiwavelength observations ofind confirmed earlier suspicions that C/O is higher by about
the quiescent counterparts to the Soft Gamma-Ray Repeatdds3 dex compared to several other very-metal-poor irregular
The three known sources produce brief intense outbursts afalaxies(1996, ApJ, in pregs FOS spectra of H Il regions in
low energy gamma rays, and it appears they are completelhe spiral galaxies M101 and NGC 2403 are currently being
new manifestations of neutron stars. The discovery of quiesacquired and will be used to study the C-abundance gradient
cent infrared counterparts to two of them has been a signifiin such galaxies for the first time. Dufour and Garnett have
cant breakthrough, but one which has pointed out our comsubmitted a Cycle 7 proposal to do comprehensive UV-
plete lack of understanding of these objects. In contrast, aptical spectral studies of bright H Il regions in the Magel-
counterpart to the third source has only been detected itanic Clouds using the new STIS on HST in 1997. Graduate
X-rays. We have been making detailed spectroscopic ansdtudent Cindy Kurt is completing a comprehensive study of
photometric observations of all three sources in the opticathe UV-optical spectrum of the peculiar dusty H Il region in
and near-infrared at the USNO, CTIO, and KPNO anf® the SMC N88A based on FOS and CTIO spectra. All of
using TIMMI on the 3.6-m at ESO, in the far-infrared using these studies, taken together, should provide a good picture
IRAS and ISO, in the submillimeter using the JCMT, and inof the evolution of the CNO element group, and potential
the millimeter using BIMA and SEST. depletion effects by dust, in the ISM of star-forming galaxies
Smith and collaborators have been performing multiwavefor the first time.
length observations of Galactic black hole candidates. SEST Dufour is also analyzing parallel HST WFPC2 images of
observations of the region around GRS 1739-278 found &elds in the disks of M101 and NGC 2403 as a scientific
variable radio source, although it is uncertain whether this ispinoff of the primary HST spectroscopy studies previously
the counterpart. Radio observations were made at Narrabri shentioned. Images were taken inxH[O 1I1] 5007A, and
GX 339-4 during its recent transition to the X-ray high state,F547M continuum bandpasses and will be used to study the
in conjunction with our CGRO gamma-ray observing run: adetailed morphology and ionization structure of H Il regions
preliminary analysis of the radio data promise surprising rein the two galaxies at a spatial resolution of about ten times
sults. A search for an infrared stellar counterpart to 1Ebetter than possible from the ground.
1740.7-2942 was made using the IRTF: the data is currently Weisheit and undergraduate student Kenneth Rines, are
being analyzed. We are currently setting up multiwavelengtrexploring the autocorrelation functio&(r) for galaxies in
observing campaigns to coincide with our CGRO and XTEclusters. Through a series of humerical experiments involv-
observations of GRS 1758-258 and GRS 19185 in 1997. ing various power-law and polytropic mass distributions,
they hope to segregate differing forms &fr) for relaxed
4.3 Extragalactic Astronomy (virialized) and non-relaxed simulations of galaxy clusters,

. . . . and thereby probe the question of whether or not the clusters
Dufour, in collaboration with D. Garnett and E. Skillman Zwicky classified as “irregular” are bound, equilibrium sys-

at Minnesota and G. Shields of U. Texas at Austin, continue§ems_
to study the most metal-poor star-forming galaxy known

—1 Zwicky 18 using HST. The res_ults of WFPC2 imagery 4.4 Instrumentation Development
has been reported in several meetings and conference publi-
cations and is currently being written up for publication in  Haymes and graduate student M. Moss have been build-
the AJ. The imagery results show that | Zw 18 and a seconthg a balloon-borne gamma-ray telescope called the
Im galaxy located 15 arc sec to the NW are both resolvedPrometheus All Sky SurveyPASS) The primary objective
into stars and the second galaxy could be as near as 2 kpc ¢d PASS is to map the entire sky, and throughout the 0.1-10
the starbursting main body. If so, this companion could havéMeV gamma-ray energy interval, for the locations and spec-
affected, even triggered the current starburst in | Zw 18tra of all persistent astronomical sources, with an angular
While the stars in | Zw 18 are no older than 30-50 Myr, resolution of 0.5 degrees, down to a limiting flux for spectral



RICE UNIVERSITY 565

lines of 210~ ° photons cm? sec' . The angular resolu- eterization for Energy Balance Climate Models,” JGR -

tion of PASS is adequate to resolve even the most closely Atmospheres, 100, 16,289-16,303.

spaced candidatesthe several objects that have been nomi-Cleary, E.N., A.A. Few, and E.A. Bering, 1996, “Statistics

nated as responsible for the gamma-ray spectral lines ob- and Trends of Global Atmospheric Electricity Measure-

served to be emanating from the Galactic Center Region. ments,” JGR, submitted.

The PASS flux limit is fainter than any existing data. It is Crider, A., Liang, E. P., Smith, I. A., Preece, R. D., Briggs,

expected to resolve the discrepant spectral results reported by M. S., Paciesas, W. S., & Pendleton, G. N., 1997, “Evo-

OSSE and COMPTEL for the Cas A supernova remnant. lution of the Low-Energy Power Law in Gamma-Ray
PASS is be conducted with the Rice-developed balloon- Burst Pulses,” Ap{Lett), submitted.

borne gamma-ray telescope named Prometheus Il. PASSrosas, M. and JVeisheit, 1996, “Spallation in Active Ga-

achieves improved sensitivity through lowered instrumental |actic Nuclei,” ApJ, 465, 659.

background. Prometheus’s position-sensing gamma-ray d@ing, C., T. W. Hill, and F. R. Toffoletto, 1996, “Im-

tector eliminates the instrumental background components provement of the Toffoletto-Hill Open Magnetosphere

arising from instrumental activation and to neutron interac-  Model,” in Physics of Space Plasm&k995, Number 14,

tions. Its coded aperture measures the background from all (. Chang and J. R. Jasperse, &dMIT, Cambridge,

around the source direction, at the same time that it measures 4, in press.

the source. This eliminates the systematic error otherwisgjng, C., T. W. Hill, and B. Ramaswamy, 1996, “Modeling

introduced by offsetting the pointing direction for back-  ang Mapping of Electric Potential on Closed Field Lines,

ground observations. _ in Physics of Space Plasmd$9995, Number 14,(T.
For the PASS, Prometheus Il will be suspended from un- Chang and J. R. Jasperse, §dsliT, Cambridge, MA, in
manned, Long Duration Balloond.DBs). The altitude of press.

each balloon will be about 120,000 feet, which is less tharbobrinskaya, Jliang, E., Luo, C., Sheth, S.Smith, I., and
one gamma-ray mean free path in from the top of Earth’s  \jyrakami, T., 1996, “Timing Analysis of ASCA Data of

atmosphere. During flight, Prometheus Il will be continually g gjactic Black Hole Candidates.” Proc. of Tokyo ASCA
spun in azimuth, at a fixed zenith angle. Earth’s rotation will Symposium to appear.

each day cause the entire accessible celestial hemispherefgiour R. J.. 1995. “UV Spectroscopy,” in The Analysis
pass through the coded viewfield of Prometheus II. The spec- ot Emission Lines. eds. R. Williams & M. LivigCam-

tral, positional, and timing data, together with housekeeping bridge: Cambridge Univ. Prespp. 107-133.
information, will be stored on board. After the termination of b ¢y, R. J. Esteban. C.. and CaStda. H. O.. 1996

each balloon flight the payload will be recovered. Upon re-  «gyidence for a Physically Associated Companion Gal-
covery the stored data will be downloaded into Rice comput- axy to | Zw 18,” ApJLett), in press.

ers, while the payload is refurbished for reflight. Dufour, R. J., Garnett, D. R., Skillman, E. D., and Shields,
Two sequential flights of NASA-furnished LDBs are G. A, 1996, “IZw18: New Results from HST Imagery

planned. The first one is to be launched from Alaska. The .4 Spectroscopy,” in From Stars to Galaxies, ASP Con-
second mission, referred to as PASS-2, is to be launched ference Series 98' 358 '

from either Antarctica or Australia. Each of the two-week Dufour, R. J., Garnett, D. R., Skillman, E. D., and Shields,
balloon flights is expected to fully circle the globe once, at a G. A. 1996
roughly constant latitude. NASA’s National Scientific Bal- ’ '
loon Facility is to conduct the launches, mission operations,
and payload recoveries. Further information on PASS maburouéhoux, P.Smith, I. A., Hurley, K., Schultz, A. S. B.,

be found at its website, “Prometheus All Sky Survey -
) . ) . Waters, L. B. F. M., Van Paradijs, J., & Wallyn, P., 1996,
(PASS.” The URL address is, http://spacsun.rice.edu/ moss/ “GRS 1739-278,” IAUC 6383.

pass.html Few, A. A, 1996, “System Behavior and System Model-

ing,” 3rd edition, University Science Books, Sausalito,
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