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The following report covers CASP activities from 1 October for our employees, in science related matters. CASP is em-
1998 through 30 September 1999. ployee organized and supervised and its current chairperson
is A. Danks.
CASP has maintained its identity and continues to receive
corporate sponsorship throughout the transition from Hughes
1. INTRODUCTION STX to Raytheon ITSS. CASP organizes monthly talks, pro-
duces a newsletter in which RITSS scientists discuss their
science and project contributions, maintains a mailing list to
Raytheon ITSS was founded in 1973 as Systems and Afinform its members of announcements of opportunity and
plied Sciences Corporation, and subsequently changed ithcourages employees to apply for grants to pursue indepen-
name to STX. On October 1, 1991, STX was acquired byjent scientific research. CASP uses a small budget provided
Hughes Aircraft Company and became Hughes STX Corpopy RITSS to support company scientists while writing per-
ration headquartered in Lanham, Maryland. During 1997, thgonal science proposals and to fund travel to scientific meet-
company was acquired by Raytheon as part of a merger bgngs and to cover publication costs, when no other sources
tween Hughes and Raytheon, and became Raytheon ST¥re available. In addition, during this past year, CASP scien-
During this last year, we became fully integrated into thetists K. Borne and L. Mayo were the first beneficiaries of the
Raytheon corporate structure and renamed Raytheon |nfOR|TSS/CASP sabbatical program. Under this program,
mation Technology and Scientific ServicgITSS. CASP scientists are awarded 50% support for six months by
Raytheon ITSS is a for profit corporation of more thancompany funds to pursue their own scientific research.
2,000 employees who are skilled in a wide range of technical CASP recently became a corporate affiliate of the Astro-
and administrative disciplines, including scientific researchnomical Society of the Pacific, primarily because RITSS sup-
software systems development, systems integration, angbrts the ASP’s strong commitment to educational and pub-
local-area network planning. Approximately 80% of our em-jic outreach. Since joining the ASP, a CASP member, K.
ployees hold academic degrees, with 40% of this group at thgorne, has been nominated to the ASP Publications Commit-
Masters or Ph.D. level. tee.
RITSS offers on site professional support at locations
such as NASA’s Goddard Space Flight Ceni@®SFQ, the 3 Personnel
EROS Data Center, the Naval Research Laboratory, Edward15'
Air Force Base, the Pentagon, Marshall Space Flight Center, As of October 1999, Raytheon ITSS staff scientists with
National Weather Service, the National Environmental Satastronomy, solar physics or space physics related interests
ellite and Data Information Service, NASA's Ames Researchinclude: J. Allen, L. Allen, R. Arendt, E. Bell, D. Berdichev-
Center and JPL. During the past year RITSS also won a&ky, D. Bilitza, J. Blackwell, S. Boardsen, K. Borne, L.
contract with the National Science Foundation to provideBreedon, J. Brosius, L. Brown, R. Cebula, S. Chen, N. Col-
science support for its South Pole Station. lins, J. Cooper, R. Cornett, A. Danks, M. Deland M. Duester-
This report focuses on RITSS science and computer sugtaus, E. Einfalt, R. Fettig, D. Fixsen, H. Freudenreich, D.
port for a number of NASA's scientific programs at NASA’s Friedlander, M. Greason, J. Hill, R.J. Hill, R.S. Hill, K. Hill-

1.1 Company Background

GSFC in Greenbelt, MD. drup, K. Hills, J. Hollis, Z. Huang, P. Jackson, K. Jensen, S.
Kashlinsky, P. Keegstra, E. Kemper, C. Klipsch, A. Kutyrev,
1.2 CASP M. Kuznetsova, W. Landsman, P. Lawton, P. Leonard E.

RITSS understands that in order to attract and retain sciMalumUth' D. Massa, L. Mayo, J. Mullins, T. Norton, N.

entists with outstanding credentials, it must support theirOdegard’ S. Odenwald, J..Offenberg, L. Ofman, B. O'Neel,
need to performboth project oriented:amd independent re- M. Peredo, B. P_erry, E. Pler, T. Powers_, B Puc, G. Rohr-
search. Consequently, in addition to providing membershi bach, G. Schneider, R. Schwartz, J. Silvis, K. Smale_, A.
i . S . %zabo, L. Tan, W. Taylor, B. Thomas K. Tolbert, M. Trip-
dues to professional societies, such as the AAS, for its pro- . .
. . . icco, N. Tsyganenko P. Tyler, P. Uribe, F. Varosi, W.
fessional staff it also established the Center for AStronomXNaller W. Warren. J. Weiland. D. Williams
and Space Physic€CASP. CASP’s charge is to promote o T T '
and facilitate professional achievement within RITSS, and is
one of the RITSS centers of excellence, 2. SPACE INSTRUMENTATION AND MISSION
http://www.stx.com/about/centers.html SUPPORT
CASP is made up of roughly 75 RITSS Astronomers and Raytheon ITSS scientists and IT professionals provide
Space Scientists, primarily on site at GSFC. Its purpose is tsupport for the following projects.
provide RITSS scientists with a framework in which to meetFUSE: FUSEis a NASA-supported astronomy mission that
and discuss scientific and professional matters, to stimulateas launched on June 24, 1999 to explore the Universe using

cross disciplinary ideas, and to provide an identity and voiceghe technique of high-resolution spectroscopy in the far-
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ultraviolet spectral region. The Johns Hopkins University has 1. Identify the dominant mechanisms for injecting plasma
the lead role in developing and now operating the mission, innto the magnetosphere on substorm and magnetic storm
collaboration with The University of Colorado at Boulder, time scales;
The University of California at Berkeley, the Canadian 2. Determine the directly driven response of the magneto-
Space AgencyCSA) the French Space Agen¢gZNES, and  sphere to solar wind changes; and,
corporate sponsors. The spectral region opened UpUSE 3. Discover how and where magnetospheric plasmas are
will allow astronomers to measure the cosmic abundance afnergized, transported, and subsequently lost during sub-
deuterium(a primary constraint on cosmological models storms and magnetic storms.
molecular hydrogerta fundamental constituent of the inter-  http://image.gsfc.nasa.gov/
stellar medium and highly excited gas in the hot stars and RITSS scientists are involved with developing tools to
galaxies which cannot be examined at other wavelengths. reduce and interprdMAGE data. This includes software to
GLAST: The Gamma-ray Large Area Space Telescopesimulate the expected observations, models which will be
(GLAST is a proposed astrophysics mission to study theused to interpret the physical procesd&\GE will observe
high-energy gamma-ray sky at energies between 10 MeVand complex algorithms to reduce the raw data into a usable
and 300 GeV. The primary instrument is a pair-conversiorform.
telescope based on solid-state particle-tracking technology. The IMAGE Mission Team is also committed to a strong
GLASTwill be 30 times more sensitive than the Energeticprogram of Public Outreach, and Education, and Raytheon
Gamma Ray Experiment TelescofGRET) on board the ITSS scientists are also contributing to this aspect of the
Compton Gamma Ray Observato@GRO. GLASTis a  mission as well.
two-year missionwith planning for five yeagswith an an- MAP: The Microwave Anisotropy Prob€JAP) is a MI-
ticipated launch in 2005. Observing targets inclugl@dtive =~ DEX class mission, selected by NASA in 1996, to probe
galactic nuclei, 2 gamma-ray burst sources) Bulsars, 4  conditions in the early universeMAP is scheduled for
supernova remnants) Sliffuse emission sourcesncluding launch in 2000 and will measure temperature differences
interstellar gas in our Galaxy, and the isotropic component“anisotropy”) in the cosmic microwave background radia-
which is probably extragalacdic 6) unidentified EGRET tion over the entire sky in bands from 22 to 90 GHz. RITSS
sources, and)7solar flares. support has included hardware specification and benchmark-
GLASTIs a collaboration of several institutions. GSFC ing, data system design, development, and integration, and
scientists are deeply involved in the planning of the projecpipeline and analysis software development, and instrument
and Raytheon ITSS scientists are assisting all levels of thmtegration and test support.
effort including simulations of its astronomical performance. For further information orMAP, see
More information aboutGLASTs science objectives can http://map.gsfc.nasa.gov/
be found at NGST: The Next Generation Space Telescope, N&GSa
http://glast.gsfc.nasa.gov/LHEA/ mission currently under study by NASA as a follow on to the
HEASARC: The High Energy Astrophysics Science Ar- Hubble Space Telescope, H3Ts aims are to further our
chive and Research CentdlEASARC) supports a multi- understanding of how the universe evolved following the Big
mission archive facility in high energy astrophysics for sci-Bang using capabilities unavailable in either existing ground-
entists all over the world. Data from space-borne instrumentbased or space telescopes. Simply put, its goal is to observe
on spacecraft, such aROSAT ASCA CGRQ BBXRT, the first stars and galaxies in the Universe. Launch is sched-
HEAO-1, HEAO-2, EXOSATand XTE are provided, along uled for 2008, and the project is currently in Phase A, or the
with a knowledgeable science-user support staff and tools toonceptual development stage. This ends late this year and in
analyze multiple datasets. For further information, see 2000 there will be a selection of the instrument teams and the
http://heasarc.gsfc.nasa.gov/ primary contractors who will develop the spacecraft and its
HESSI: is the High Energy Solar Spectrometer-Imagerinstrumentation. Currently, RITSS scientists Danks, Cornett,
(HESS), a Small Explorer, or SmEx mission currently under Offenberg and Fixsen are working with Lockheed Martin
development for a planned 2000 launch. Using Fourier transand GSFC scientists on seveN(GSTstudies. These include
form imaging and spectroscopy of solar X- apdradiation  acting as an interface between Lockheed Martin and GSFC
derived from observations through rotating gribig SSiwill scientists in characterizing tiéGSTIntegrated Science In-
provide uniquely high resolution spectral and image data ostrument Module(ISIM), and studies of onboard computa-
solar flares and related events. RITSS scientists support itional capabilities. More information abolGSTis avail-
cludes instrument characterization and testing, data systeable from
development, design and integration of the software system http://ngst.gsfc.nasa.gov/
(being developed world-wide by the science t¢aamd will  SOHO: The Solar and Heliospheric Observat¢8OHO is

include pipeline and analysis software and processing. one of ESA and NASA’s most ambitious projects for the
More information abouHESSIis available from 1990's. Its mission is to understand the interactions between
http://hesperia.gsfc.nasa.gov/hessi/ the Sun and the Earth’s environment and to address some of

IMAGE: is a MIDEX mission, scheduled for launch in the most perplexing riddles about the Sun, including the
2000, to study the global response of the Earth’s magnetdieating of its corona, the acceleration of its wind, and the
sphere to changes in the solar willbIAGE will use neutral  physical conditions of the solar interior. It is giving solar

atom, ultraviolet, and radio imaging techniques to: physicists their first long term view of the Sun by operating
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from a permanent vantage point 1.5 million km ahead of the http://adf.gsfc.nasa.gov/adf/visualization/
Earth in a halo orbit around tHel Lagrangian point. Further These include AMASE, which is an object-oriented multi-
information may be obtained at spectral astrophysics database search engine that is being
http://sohowww.nascom.nasa.gov/ prototyped at the ADF. AMASE can be accessed through the
SSDOO: The Space Sciences Data Operations Offe8- ADC home page.
DOO) is responsible for the project management of selected The SPDF also part of the SSDOO and is responsible for
missions and the development and operations of data ariie development of a variety of space physics mission plan-
information systems which support processing, managemeniing tools and facilitating correlative data analysis for the
archiving, and distribution of space physics, astrophysicsinternational Solar Terrestrial Physi¢sSTP) program. For
and planetary data. The SSDOO includes the Astrophysicgdditional information, see
Data Facility(ADF) and Space Physics Data Facili§PDP http://nssdc.gsfc.nasa.gov/spdf/spdf.html
http://ssdoo.gsfc.nasa.gov/c630/ STIS: The Space Telescope Imaging Spectrogrepn'S), is
The ADF is responsible for the processing and distribu-one of the second-generation instruments for the Hubble
tion of proprietary data from missions such ROSAT  Space Telescop@iST). It was successfully installed ddST
ASCA andXTE The staff is now in the process of develop- during the second servicing mission in 1997 February and is
ing similar capabilities for the neSTRO-EX-ray mission. NOw providing a unique combination of spectrographic and
During this last year, the ADF has begun to turn over itsimaging capabilities in the UV and visible. In addition to
multi-mission and multi-spectral data archives to the newdeneral science support, A. Danigaytheon ITS$is a Co-
MAST facility at STScl. This includes its extensive browse Investigator on the STIS science team.
facilities for UV missions, which can still be accessed at With the STIS now fully functional, RITSS support for
http://adf.gsfc.nasa.gov/uv/ STIS is peaking. RITSS astronomers: R.S. Hill, N.R. Collins,
The ADF group includes the Astronomical Data CenterR-H. Comett, R.J. Hill, W.B. Landsman and E.M. Malumuth
(ADC) which acquires, verifies, formats, and distributes as&ré contributing to the scientific calibration and to the analy-
tronomical catalog data in computer-readable form. TheSis and interpretation of the observations. Contributions by

ADC's archives contain more than 2500 catalogs and journat€veral RITSS STIS team members will be found throughou.t
tables of astrometric, photometric, morphological, spectro-th's report. Further information about STIS can be found at:

scopic, polarization, kinematic, and multi-wavelength data ttP://hires.gsfc.nasa.gov/
for stellar and non-stellar objects. The ADC group also de-
velops and maintains software tools to access these data. TReRESEARCH

ADC is part of an international federation of astronomical Many of the RITSS scientists perform research as part of
data centers. The capabilities of the ADF and ADC allowineir programatic duties. In addition, RITSS scientists are

researchers to identify scientifically interesting objects anGsyincipal or Co-investigators on more than 50 individual sci-
correlations, to carry out archival data-mining searches, @Qpgific research grants. This section reviews the research per-

locate existing archival data on user-selected objects, and #gymed by RITSS scientists under both of these activities.
prepare observing lists for further observational studies. The

ADF and ADC can be accessed via
http://adf.gsfc.nasa.gov/adf/ http://adc.gsfc.nasa.gov/
During this last year, the ADC staff have begun develop- K, Borne(RITSS and colleagues at the NASA ADR.

ment of XML tools to enhance connectivity among the ADC white, C. Cheung, D. LeisawitfNASA), and E. Shaya

tables and metadata. This is part of a NASA funded programrITSS) have conducted an archival survey of on-line data

to incorporate XML'’s display language and protocols to dis-and catalogued objects around the HDF®ubble Deep
play astronomical table data and metadata, and to allow erField - South position. They have identified many astro-
hanced forms of metadata visualization. They also intend tghysically interesting objects in the vicinity of the HDF-S,
create XML tools that will allow scientists to convert their including quasars and clusters of galaxies, which have been
data and metadata into XML and create conversion softwareatalogued and observed at a wide range of wavelengths. The
to ingest journal tables into the ADC XML archive. To- byproducts of this and similar user-selected surveys can be
gether, these tools will provide quicker and more compreused to study classes of objects that may potentially be rep-
hensive access to the wealth of data stored in the ADC dat@sented among the faint objects discovered within the
base. More information about this program is available fromHDF-S. This survey was conducted using a suite of new data

3.1 Instrumentation and Data Processing

links on the ADC homepage. search, browse, and visualization tools available at the
The ADF has also developed extensive educational anMJASA ADC (http://adc.gsfc.nasa.gov/

out reach resources for cosmology based onGRBE re- J. Offenberg and D. Fixse(RITSS along with R. Sen-

sults. These are now available at: gupta, M.A. Nieto-Santistebaf8TSc), H.S. Stockman and

http://www.gsfc.nasa.gov/astro/cobe/ ed_resources.html R.J. HaniscHSTSc) have been studying methods to handle,
The ADF also maintains access to legacy data and soffsrocess and enhance the unprecedented data volumes of data
ware tools from theCOBE mission: expected to be collected WGST SinceNGSTwill perform
http://www.gsfc.nasa.gov/astro/cobe/cgis.html wide-field imaging in the high-radiation environment of deep
The ADC has recently developed several new data visuspace, cosmic rays will produce many charged-particle
alization tools which can be accessad events on the imaging detector. Furthermore, it will accumu-
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late an immense volume of data which will have to be trans- W. Warren (RITSS), in collaboration with C.B. Sande,
mitted from an orbit which is very distant from Earth. TheseA.C. Miller, J.R. Myers, A.T. Home(CSO, and D.A.
factors make it imperative to develop novel methods to auTracewell (GSFQ, completed Version 2 of the SKY2000
tomatically reject cosmic ray events, perform on-board datdMaster Star Catalog, the source catalog for NASA satellite
compression and to process the data products once they aequisition and attitude determination. The new catalog con-
received on the ground. tains highly accurate astrometric data almost exclusively
D. Fixsen and R Arend{RITSS have continued their from the Hipparcos and Tycho output catalogs. Observed
work with H. Moseley(NASA’s GSFQ to develop a self- CCD magnitudes from the star trackers aboard R¥TE
calibration algorithm for the Infrared Array Came(i®AC)  spacecraft have also been added. Working with D.W. Dun-
imaging array to fly on Space Infrared Telescope Facility,ham, Warren is also preparing a new set of asteroid and lunar
SIRTE Their studies of dithering strategies have led to theoccultation prediction catalogs basedtipparcosand other
adoption of efficient dither patterns for use with IRAC. They modern sources of high accuracy astrometric data.
have applied the current code to tHSTNICMOS observa-
tions of the Hubble Deep Field - South with encouraging
results.

A. Kutyrev (RITSS collaborated with H. Moseley b pergichevsky(RITSS, A. Szabo, R.P. Vias and F.
(GSFQ and Fettig(RITSS on the technology study of a \jariani, investigated the interplanetary fast shocks and asso-
two-dimensional array of microshutters fNGST The goal  (jated drivers observed through the 23-rd solar minimum by
is to create a high efficiency, high contrast field selectionyNp over its first 2.5 years. This work presents to research-
device for a multi-object spectrometer. The device is a closgyg i the field a useful table of the fast forward and reverse
packed array of shutters, with a typical size of J00” and interplanetary shocks observed at 1 AUWND from No-
an area filling factor of up to 80% with each of the shuttersyemper 1994 to June 1997, and the accurate determination of
individually selectable. An original double-shutter actuationyyeijr thermodynamic Rankine-Hugoniot parameters. The
mechanism is currently under study. Small size arrays havgork further organizes the observed shocks by their drivers.
been built and tested under an electron microscope. Firsthe statistical analysis of the orientations of the shock nor-
results of the project have been presented at a number g suggests that interplanetary shocks would in general
meetings and publishe(Fettig et al, 1999, Moseleyetal.  haye an orientation of propagation in longitude from almost
1999a,b. nearly eastward to close to normal to a tightly winding

A. Kutyrev (RITSS in collaboration with K. Stewart pgarker spiral. The winding angle of this Parker spiral would
(GSFQ has been studying the optical performance of sepe of approximately 36°, close in value at 1 AU to the one
lected optical materials at cryogenic temperatures. Results @ferived in the theoretical model by Acarand Whang of the
these measurements will be used for selection of material f%ropagation of the solar wind.
cryogenic temperature tunable solid IR Fabry-Perot etalon. p Berdichevsky(RITSS, I.G. Richardson(Univ. Mary-
Preliminary FTIR spectrometer measurements demonstratqgnd), B.J. Thompson, D.V. Reames, R. MacDowall, M.L.
that some materials have high enough refractive coefficienkajser, R.P. Lepping, K.W. Ogilvie, and R.G. Stofell
to allow required spectral tuning with reasonably small temNASA/GSFQ, and S.P. Plunkett, D.J. Miche{both NRL)
perature change. First etalons are in the process of polishingresented past and current examples of fast solar wind tran-
and coating and will be tested for optical performance soonsjents, their sources and the forecast of possible geomagnetic
These etalons when built will allow high efficiency and high activity at the fifth Latin-American conference of Geophys-
spectral resolving power spectroscopy of the emission difics in Costa Rica. They presented examples of transients at
fuse objects in the infrared. the Sun tracked to the Earth and explored similarities be-

A. Kutyrev (RITSS continued work on the development tween these solar ejecta, including possible interplanetary
of Infrared Spatial Heterodyne Spectrometer for high resolumagnetic clouds observed in 1982 during the decreasing part
tion infrared spectroscopy with E. SmifGSFQ and F.  of the 21 solar cycle and in 1998 during the rising phase of
Roesler (U. of Wisc-Madison. Prototype instrument has the 23 solar cycle. The space-weather significance of the
been built and tested. Further development and adaptation ebservations and the possibility to forecast these most dis-
this device to cryogenic temperature environment is curruptive occurrences of the geomagnetic environment were
rently in process. discussed.

D. Massa (RITSS and E.F. Fitzpatrick(Villanova) D. Bilitza (RITSS continued his work in ionospheric
showed that low dispersiotUE NEWSIPS data contain se- modelling. He is developing a new model for the topside
rious systematic effects, including 10-15% residual temporaélectron density based on data from the Alouette and ISIS
and THDA dependencies. In addition, they showed that theopside sounders in the framework of a NSF-funded Space
NEWSIPS flux calibration is inconsistent by nearly 10%. Weather projectBilitza and Williamson, 1999 This data
They have formulated and applied algorithms to correct théase is being increased considerably through a data restora-
systematics to the 3% level — a factor of 5 improvement. Irtion effort funded by NASA’s Applied Information Systems
addition, they have derived a transformation between th&esearch PrografAISRP). The project is using automated
correctedlUE data and theHST FOS system — placing the scaling and inversion software to obtain the topside electron
data from both telescopes onto a single systdftassa & density profiles from more than 200,000 digitized 1SIS-2
Fitzpatrick 1999. ionograms.

3.2 Space Physics
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As chair of the IRI Working Group of URSI and made to quantitatively represent the dynamics of the mag-
COSPAR, D. Bilitza organized the 1999 IRl Workshop at netospheric magnetic field during the substorm expansion
the Univ. of Mass. in Lowell. The special focus of the meet-phase, using the data of simultaneous observatiorSHBy-
ing was ionospheric variability and ray tracing through theTAIL and GOESspacecraft and a global model of the field,
ionosphere and the development of IRI-2000. Together wittincluding the contribution from the electric current wedge on
S. Radicella(ltaly), D. Bilitza organized and chaired the an- the night side.
nual IRI Task Force Activity at the International Center for A statistical study was performed of the response of the
Theoretical PhysicICTP) in Trieste, Italy. This activity ~magnetotail magnetic field to the conditions in the solar
resulted in several important improvements of the IRl bot-wind, based on data ¢6EE-2 AMPTEIRM, and GEOTAIL
tomside electron density profile especially at low and equaspacecraft.
torial latitudes(Bilitza et al, 1999a. All of these improve- M. Reiner (RITSS collaborated with M.L. Kaiser, J.
ments will be included in IRI-2000. In collaboration with Fainberg, and R.G. Stor&SFO, used these techniques to
Spanish collaegues, D. Bilitza is exploring the possibilitiesdemonstrate that low-frequency solar type Il radio emissions
of updating the IRl model with GPS measureme(figitza  are generated in the upstream region of an interplanetary
et al, 1999h. shock and that the radio emissions originate from various

D. Bilitza (RITSS participated as ionospheric expert and locations along the shock front. These techniques have so far
COSPAR liaison in several meetings of the Internationafevealed no evidence for deceleration of CMEs propagating
Standardization OrganizatigiS8O) Working Group on Earth  through the interplanetary medium.

Environment Models. IRl and other COSPAR models are Working in collaboration with scientists at Berkel€§.D.
being proposed as ISO standard. Bilitza reviewed sciencga!ev S. Krucker, D.E. Larson, and R.P. )iat GSFOM.L.
tools on the internet for IAGA 97Bilitza, 1999 and in a  Kaise) and at the Paris Observatoty.-L. Bougeret M.
special session that he convened during the URSI Generfeiner(RITSS made the firstn situ detection of the type Il

Assembly in Toronto, Canada. radio source in the upstream region of an interplanetary
M. KuznetsovaRITSS continued her collaboration with Shock. _
M. Hesse(GSFQ and D. Winske(LANL ). Their recent re- M. Reiner (RITSS and M. Kaiser(GSFQ analyzed a

search was devoted to the development of transport model GUmber of events where the type Il radio emissions in the
collisionless magnetic reconnection and kinetic modeling off€duency range from 1-14 MHz were temporally well sepa-
the reconnection-related changes in Earth’s magnetosphef@t€d from the metric type Il radio emissions observed by

They developed a model of the essential electron kinetic efdround-based radio observatories. These results suggest that

fects in terms of the evolution of the full electron pressuretwo distinct coronal shocks are involved in the generation of

tensor. They found a simple way to represent electron ani{!® Solar type Il radio emissions.

ion non-gyrotropic effects and some Hall effects essential for R€iner discovered a unique coronal and interplanetary
the reconnection rate in MHD models. type Il radio event that tracked very well an obser&aHO

A statistical study was made of the near-earth equatoriat"SCO CME. Working with S. PlunkeNRL) and N. Pre-

magnetic field depression, based on a set of data from 2gf29€ (Culgoora Obs., Australja Reiner and M. Kaiser

months of POLAR magnetometer experiment in 1996-1998, GSFQ were able to use this radio event t.o demonstrate
supported by simultaneous solar wind data \WYND and conclusively that both blast-wave flare-associated and CME-

IMP-8 spacecraft. The work addressed the spatial distribudriven shocks occur simultaneously in the solar corona.

tion of the geomagnetic field near the dipole equator at radial
dista}nces between_2.0 and RS, and its d(_ependence on the 3.3 Solar Physics
Dst index, solar wind pressure, and the interplanetary mag-
netic field. The inner field was found to have a significant  J. Brosius(RITSS used spectra from GSFC's Solar EUV
noon-midnight and dawn-dusk asymmetry, depending on D9Research Telescope and SpectrogrépBRTS to measure
and the solar wind pressure. relative wavelength shifts of coronal emission lines as func-

In collaboration with C.T. RussellGPP, UCLA), a study  tions of position in solar active regioriBrosius, Thomas, &
was performed of the magnetic field depression associate@avila 1999; Brosius, Thomas, Davila, & Thompson 2000
with the dayside magnetospheric polar cusps. In the noopalthough most of the coronal EUV lines observed from the
sector, the cusp depression was found from the daR®f active regions were predominantly redshifteelative to the
LAR spacecraft in a relatively narrow latitudinal interval, but regions’ quiet surroundingssome of the lines exhibited sig-
extending over a wide range of the geocentric distance. Anificant blueshifts as well.
closer distances the cusp depression was found to fade out As part of aSOHOGuest Investigator program, Brosius
due to a rapid increase of the geomagnetic field towardand collaborators obtained coordinat&OHO, Yohkonh,
Earth. A mathematical method was developed for represenFRACE and VLA observations of solar active regions and
ing of the observed polar cusp depression in the geomagnetsunspots on four dates in April and May 1999. These obser-
field models. A new model of the magnetopause was devations were designed to provide the data needed to perform
vised, taking into account the effects of the dipole tilt anglesolar active region coronal magnetography. Brosius also pro-
upon its global shape and the observed deformation of theided support for the 1999 June 24 SERTS flight, which was
magnetospheric boundary in the vicinity of the polar cusps.coordinated withSOHOCDS and SOHQEIT for cross-

In collaboration with G. Lu(NCAR), first attempt was calibration.
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Brosius proceeded with the analysis ®OHOCDS and results indicate that the viscosity in the corona is signifi-
coordinated SERTS data from the 1997 November 18 rocketantly larger than previously thoughfNakariakov et al.
flight. The EUV spectral data will be used to obtain the two-1999. The high viscosity may help explain why the solar
dimensional differential emission measure distribution anctorona is so much hotter than the photosphere. Waves and
plasma densities. When combined with the VLA observa-disturbances in the corona dissipate into heat more rapidly
tions at four different microwave frequencies, these data willand effectively than previously believed.
be used to derive solar active region coronal magnetograms. Ofman collaborated with V. Nakariakov and T. Arb&t.

Brosius collaborated with J. Schmel. Memphig, J.  Andrews U) on the study of nonlinear dissipation of Alfven
Saba, K. StrongLockheed-Martip, and T. WintefU. Mem-  waves in solar coronal holes. They found that the waves can
phis) in an analysis of the emission measure distribution forbe described by a spherical scalar Cohen-Kulsrud-Burgers
a solar active region using coordinated SERTS ¥otkoli  equation. Solutions of the equation show that the dissipation
SXT observations. This analysis reveals that the SXT reis dramatically enhances by nonlinear effe@iakariakov,
sponse functions are sensitive to the assumed element@fman, and Arber, 1999
abundances and ionization fractions, and indicates that using Ofman collaborated with V. Nakariakov, and N. Sehgal
broadband SXT datéor comparable high-temperature con- (NASA/CUA) on the theoretical study of the dissipation of
straintg in conjunction with high-resolution spectra covering slow magnetosonic waves in plumes. The results of their
a wide lower-temperature range significantly improves thestudy show that slow waves may dissipate very effectively
information derived from either dataetalone (Schmelz by compressive viscosity, and may contribute significantly to
et al. 1999. the heating of coronal hole€fman, Nakariakov, Sehgal

Brosius, Davila, & Thoma§1998 completed the absolute 1999.
radiometric calibration for the SERTS-95 active region and Ofman collaborated with Romoli, M., Noci GU. of Flo-
quiet-sun spectral line catalogs. Andretta, Jordan, Brosiusence, G. Poletto(Arcetri Obs., Italy on the study of signa-
et al. (2000 used SERTS Ha 304 A spectral line data to tures of compressional waves in the solar coronal holes.
present observational evidence for the effect of small scal@hey found considerable evidence of the presence of these
microturbulent velocities in enhancing the intensity of the Hewaves in the solar corona high above the lifabout one
I 304 A line with respect to other transition region emissionsolar radiu using the White Light ChannéWLC) of the
lines. Ultraviolet Coronagraph SpectrometéddVCS) on SOHO

R. Cebula and M. DeLan(RITSS continued their stud- (Ofmanet al. 2000.
ies of solar UV irradiance variability. Recent efforts have Ofman and J. DavildGSFQ continued their collabora-
focused on thNimbus-7SBUV spectral irradiance data set, tion on the study of the fast solar wind. They investigated the
which covers the period from November 1978 to Octobereffective proton temperature using 2.5-D two-fluid MHD
1986. The current archived data set has significant instrumodel of the coronal hole plasma. They found that the effec-
ment drift problems which preclude its use for estimation oftive proton temperature dependence on heliocentric distance
solar cycle variations. An improved instrument characterizaagrees with theSOHO UVCS observations of Lyx line
tion was derived and implemented. These reprocesseadidth broadening with the heliocentric distance. This result
Nimbus-7SBUV data indicate that 2050 A solar irradiance, supports the Alfven waves solar wind acceleration model
which is important for stratospheric photochemistry, varied(Ofman & Davila, 1999; Davila & Ofman 1999
by approximately 8% during solar cycle 21. This resultis in  Ofman collaborated with M. RudermdBt. Andrews U,
good agreement with overlapping data from the SME instruM. Goldstein, D. Roberté§GSFQ, and A. DeandUMD) on
ment, and with predictions from the Mg index proxy the study of Alfven wave phase mixing driven by velocity
model. Cebula and E. HilsenrafteSFQ continue to work shear in two-dimensional open magnetic configuratidtis
with national and international colleagues in an intercom-dermanet al. 1999. This process may be responsible for the
parison of absolute solar spectral irradiance measuremenigating of open magnetic structures in the solar corona. They
for selected dates during solar cycle 22. found that nonlinear and geometric effects are important in

L. Ofman (RITSS collaborated with V. Nakariako{St.  determining the saturation level of the phase mixing process.
Andrews U) and C.E. Defores{Stanford on the study of M. Reiner(RITSS has developed new methods of analy-
slow magnetosonic waves in plumes detected bySB#iO  sis for solar(type Il) radio emissions that inherently reveals
Extreme ultraviolet Imaging Telescog&IT). They identi- the underlying dynamics of the coronal mass ejection
fied the observed propagating disturbances as slow magnet@EME), which generates the radio emissions. These tech-
sonic waves by using numerical 1-D and 2-D model ofniques have been used to track CMEs through the solar co-
waves in coronal plumes. They showed that the outwardona and interplanetary space and have led to new insights
propagating slow magnetosonic waves are trapped and nomto the relationship between coronal and interplanetary
linearly steepen in the polar plumes. The nonlinear steepershocks and their associated solar radio emissions observed
ing of the magnetosonic waves may contribute significantiyby the WIND spacecraft.
to the heating of the lower corona by compressive dissipation The morphology of complex solar type lll-like bursts, ob-
(Ofman, Nakariakov, and Deforest 1999 served for the first time by the high-frequency receivers on

Ofman collaborated with V. Nakariakd®t. Andrews ),  the Wind spacecraft, was described by M. Rei(RITSS
E. DeLuca(CfA), B. RobertgSt. Andrews U), and J. Davila and M. Kaiser(GSFQ. Their relationship to previously ob-
(GSFQ on the analysis of RACEspacecraft. Their recent served kilometric shock associaté®lA) events was also ex-
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plored. These bursts were previously thought to originater radiation from a proton beam injected into a model stellar
from electrons accelerated at interplanetary shocks. In ordettmosphere. The nonthermal redshiftedd.yadiation varies
to establish the true origin of these complex radio burstswith time because the beam ionizes and heats the atmo-
Reiner working with M. Karlicky and K. JirickdOndrejov  sphere. Measurements of temporal variations of this radia-
Obs., Czech RepublicH. Aurass and G. ManfPotsdam  tion in actual solar or stellar flare spectra could be used to
and M. KaiselGSFQ compared a number of WAVES radio deduce properties of injected proton beams.
events to simultaneously observed decimeter and metric ra- W. Landsmar(RITSS continued his study of hot stars in
dio emissions. The results of these analyses have reveal thglobular clusters. With F. GrundalDAO) and M. Catelan
contrary to popular conception, these complex radio eventsGSFQ, he investigated the “jump” observed in Stngren
must originate from electrons accelerated at the flare site. y magnitudes at around 11,500 K in the horizontal branches
of many globular clusters. They deduced that the most likely
3.4 Planetary Physics cause of the jump was the sudden onset of supersolar photo-

- . spheric iron abundances at this temperature, due to radiative
L. Mayo was the second recipient of a Sabbatical Rei

hL q1 the Center for Ast evitation. Together with S. Moehler and U. Heb@am-
search -eave awarc from the ‘.enter Tor Astronomy an erg, Landsman was able to directly observe the transition

Space PhysicéCASP at Raytheon ITSS. He spent his 6 to supersolar iron abundances in NGC 675behleret al.

month sabbatical leave at GSFC, Laboratory for Extraterres: o o
. - . S i . ; 1 . Th f t levitat t tak
trial Physics. During this time, Mayo investigated the ther- 999 e presence of radiative levitation must be taken

. : . into account in the determination of the fundamental proper-
mal infrared properties of Titan’s north polar hood aerosol brop

. RN ties of horizontal branch stars, including their luminosities,
haze and stratospheric condensate cloud which is inferred {0 g

. . gravities, and massdtandsman 1999 Landsman also as-
exist from analysis olVoyagerIRIS datasets. The research ~. .
. . . sisted M. ChavezINOAE) and J. HolberdLPL) in summa-
involved enhancement of a radiative transfer modeling pro-.

o rizing the Voyager detections of globular clusters below
gram developed by Mayo which incorporates a curved atmo1200 A (Chavezet al. 1999.

sphere, absorption, emission, and scattering properties, colli- P. LeonardRITSS contributed an article to thencyclo-

sionally induced absorption, and a spatially convolved . L :
instrument field-of-view. He used this software for intensivepedla of_Astronomy and A_Strephysma Multiple Stellar
Systems: Types and Stability.

modeling of particulate opaci ources in Titan's lowe . . . .
N9 particu pacity sources In Titan's lower D. Massa(RITSS continued his collaboration with N.

stratosphere as well as collisionally induced absorption in th@E . X .
: vans(CfA) on Cepheid research. During this last year, the
troposphere. The results of this stuths presented at the used t(he F)OC orh-FI)ST and a novel obsgrving app);oach toy

1999 DPS conference in Padua, lfaindicate: A derived . ) .

particle size for the stratospheric condensate of between (}etermlne the angular se_paranon of the binary 6.4 day clag-

and 5um, a condensate material probably not ethane, and ical Cepheld AV.V Per. Since the s_tar Is also a spectroscopic

mole fraction for the stratospheric condensate between inary _W'th a period .Of. 40 years, Fh|s_measurement opens the

x 107 and 5x 10°8. They also indicate a lower strato- possibility of determining the |ncI|nat|0.n. of the system if the .
Jneasurements are repeated at additional epochs and this

sphere which is depleted of aerosol particulates and a Tr d ide the di h d th f
pospheric methane degree of supersaturation around unit ould provide the distance to the system and the masses o

One explanation for these results would be a build up o he components from fundamental measurements. He also

stratospheric hydrocarbon or nitrile condensates due to th%ollaborated with Evans and several other investigators to

lower polar temperatures, the winter season, and protectio?]btaineq new orbit_al v_elocities of the _hOt component of the
of volatiles from photodissociation by Titan's polar shadow. long-period Cepheld.blnary T Mon usM@;STandIl)E. Al-
This build up would quickly precipitate out leaving a though the observations do not cover a full orbit, both the

“clean” stratosphere below the point of condensation. TheMaximum and minimum orbital velocities have now been
precipitating particles would also act as seed nuclei for tro2Ptainéd and a preliminary orbit calculated. The velocities
pospheric methane resulting in the lower retrieved supersator the companion appear to be inconsistent with binary or-
ration value as compared with lower latitudes. bital motion, and it is likely that the companion is itself a
Inspired by recent results obtained Ialileo which ~ Pinary in a short-period orbit. _ _
showed long-term periodicities in the Jovian radio emissions, Massa and E. Fitzpartick/illanova) continued their col-
M. Reiner(RITSS and M. Kaise{ GSFQ have analyzed the laboration on hot stgr research. They have begun a program
long-term behavior of Jovian bKOM and nKOM emissions t© 1) to test quantitatively the level of agreement be_twe_en
observed during th&JlyssesJupiter encounter in the latter Model atmosphere and observed UV/optical energy distribu-
part of 1991 and early 1992. It was found that at the time ofionS of main sequence B stars; angit@ determine how
the UlyssesJupiter encounter the solar wind had a simplePrecisely and accurately the stellar propertigsnperature,
two-sector structure and that the long-term behaviors of th@ravity, metallicity, and microturbulence velodityan be de-
Jovian nKOM and bKOM radio emissions were clearly di- termined from analyses of the stellar continua. They have
rectly correlated to the interplanetary sector structure. demonstrated that the models can reproduce the observed

continua of unreddened main sequence B stars to a level
consistent with the uncertainties in currently available spec-
trophotometric data. This success is due to a number of fac-
Brosius (RITSS & Woodgate (GSFQ calculated the tors, including } the quality of the new models;) 2he ex-
theoretical time dependence of the nonthermal redshifted Lyeellent absolute UV/Optical flux calibration of the FOS; 3

3.5 Stars and Stellar Clusters
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the expansion of the original model grid to a wide range ofnents~ 300 km s ! are seen on a time scale of 22 months.
parameters; and)4he use of non-linear fitting techniques to These measurements are being used to arrive at estimates of
optimize all of the model parameters simultaneously. Theythe homogeneity of the medium cloud sizes and details on
also showed that both the model atmosphere paramatelrs the gas behavior at high shock speeds. Similar data is being
the shape of the UV/optical interstellar extinction curve canobtained for two stars in the Vela nebula which will be used
be extracted from the analysis of reddened stars. This is po$sr comparison. Ground based observation of the Carina re-
sible because the spectral “signature” of interstellar extinc-gion have been obtained with the telescope “El Leonsito” in
tion is very different from those of temperature, surface gravArgentina in collaboration with B. Garcia, and the Cand
ity, metallicity, and microturbulence. Na I lines have been introduced into a “kriging” model,
Massa also collaborated with GragBtURA) in the analy- adapted from geodesic applications to arrive at plausible 3
sis of the Herbig Ae star, AB Aur. Recent millimeter inter- dimensional model of the gaseous regions.
ferometry of the star indicate that it is viewed slightly above  With M. Sahu (NOAO/GSFQ and others, Landsman
the disk midplanei( = 76°). The wealth of archival spec- (RITSS investigated the interstellar deuterium abundance
troscopic data for this star makes it an ideal test of the getoward white dwarf G191-B2B using both new STIS obser-
ometry for infalling or accreting gas in these stars. Theyvations and archival GHRS specti@ahuet al. 1999. Their
review the extantUE andHST GHRS spectral data for AB analysis of the GHRS data showed different D/H abundance
Aur and find, in contrast to previous studies of this star,values in the two interstellar components, in agreement with
which focused on Mgi, that infalling gas is detected at all the previous study of Vidal-Madjaet al. (1998, A&A, 338,
epochs with covering factors similar to those reported for694). However, this result was not confirmed by their analy-
HD 100546 and that an episode of enhanced infall was sessis of the STIS data. The origin of the discrepancy between
endipitously detected during a 1990E monitoring run. the STIS data and the GHRS data is likely due to the better
In collaboration with R. Prinja and others at UCL, Massacorrection for echelle scattered light available for STIS.
presented the results of a 28-d&yE time-series campaign
monitoring the stellar wind of the normal O5 giant HD 3.7 Galaxies and Extragalactic Astronomy

93843. The principal aim was to study wind variability in a
principat aim w Uy Win variabriy | K. Borne (RITSS was the first recipient of a Sabbatical

star with a normal projected rotation velocity. Systematic
changes were identified, amidst continuous line-profile vari-Rese":erh Leave award from CASP at Raytheon ITSS. He

ability, in the absorption troughs of the §i and NV reso- spent his 6-month Sabbatical Leave at the STScl in Balti-

nance lines. The patterns observed have characteristic timf1ore dand wbo rktedfonh_sc;:]veral dresegt:cz Sr?JeCts during that
scales of several days and are mimicked by fluctuatiohs period, a Subset of which are described below.

~1y . Borne and his colleagues H. Busho$d'Sc), L. Colina
several 100 kms!) in the blue wings of the saturatedC ; )
P Cygni profile. Fourier analysis provides support for the(CSIC'UC’ Spain R. Lucas(STSc), A. Baker(Cardiff), D.

repeatability of wind structures in HD 93843 on a 7.1-d ‘pe_CIements(Cardiff), A. Lawrence(Edinburgh, S. Oliver(Im-

riod’. The long modulation time-scale suggests that changegerite_lI Co(;let%e,_ ar_1dt M. Rg-lwsap—_Robi_nsoﬂTzeria:c Collegel
in the star itself probably trigger the wind structure. TheCONuNUe er Intensiv Imaging study of a nearly

study demonstrates that the incidence of cyclic, possiblfomfllete _sample c|>f ulltral_urntwous .IR gaIaﬁhﬂ.lRCl;s), the
regular, stellar-wind variability is not restricted to rapid ro- most fluminous galaxies in e universe. Several papers are

tators, and that its period increases with decreasing rotationd" I Press, under peer review, or in f!nal preparation. They
ublished a morphological classification scheme for UL-

xglr(i);kl)tiyl/i:{ys.uggestmg surface features of some sort drive thPRGs. The classes include: strongly disturbed single galaxy,
dominant AGN/QSO nucleus, strongly interacting multiple-
galaxy system, and weakly interacting compact groupings of
galaxies. They find that there is equal likelihood for a UL-
R. Cornett(RITSS began work on a publication present- IRG to be in a single systeitiirst two classesas in a mul-
ing and analyzing results of UIT, ground-based, and X-raytiple system(last two classes They also find that the classes
images of the Cygnus Loop supernova remnant, in collabohave essentially the same mean IRAS&® luminosity.
ration with JHU personnel C. Danforth, B. Blair, N. Leven-  Borne, Colina, Bushouse, and Lucas have ud&d im-
son and UIT PI T. StechdiGSFQ. ages to study Mrk 273X, the serendipitous X-ray companion
A. Danks has continued to study the ISM in the Velato the ULIRG Mrk 273. This companion is not associated
region, using the Coudauxiliary Telescope at ESO with the with the nearby Mrk 273; it is at redshift= 0.46. They find
Coudeechelle spectrograph, and recently the data from Na that Mrk 273X is a relatively featureless elliptical-like gal-
and Cau lines was used to determine a new distance to thexy in a moderately rich environment and appears to be the
Vela SNR(Chaet al. 1999. Danks has also been studying brightest member of a poor cluster. Its emission-line proper-
STIS observations of the star CPD -59° 2603 in the Craindies are AGN-like, but are atypical: it is most similar to the
nebula in collaboration with N. Walbor(68TSc), and they IC 5063 class of active galaxies — a hybrid Seyfert 2 and
are currently analyzing echelle spectra for 4 stars ins#he powerful radio galaxy.
Carina region, measuring different components in the inter- Borne, Colina, Bushouse, and Lucas have studiSi
stellar line profiles and deriving their abundances and detailBnages of the ULIRG IRAS 100264347. They have mea-
of their velocity fields. In CPD -59° 2603, dramatic varia- sured the photometric properties of the galaxy and its envi-
tions are observed in the high velocity components. Comporonment. IRAS 100264347 is an IR ultraluminous Fe

3.6 Nebulae, Interstellar Medium and Galactic Structure
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emitting QSO. They have modeled the QSO withl 8T  STIS FUV and optical imagery. The same personnel also
PSF, subtracted the model PSF, and have measured the praontinued collaborating in a group led by J.P. Gardner
erties of the underlying host galaxy. They find the host to b GSFQ investigating star-forming galaxies found in the
an 0.5-L* galaxy with an exponential disk-like surface STIS Parallel Survey imagery and slitless spectra. Malumuth
brightness profile, with a very low surface brightness tidalcontributed photometric redshift analysis and Collins con-
tail, and with a pair of very faint nearby disrupted compan-tributed galaxy photometry for investigation of galaxies in a
ions. The surrounding field has a higher than average galax§.6 by 0.6 degree field surrounding the HDF-South, led by
density. IRAS 100264347 may thus be the remnant of a H. Teplitz(GSFC/LASP/NOAQ. Hill contributed two-point
merger within a small group. An unusual arc-like object iscorrelation function analysis to the same effdreplitz et al.
seen in the samBIST field. Additional observations of this 1998.

object could prove interesting. Landsman(RITSS assisted S. Yi, T. Brown, S. Heap, |.
Borne, Bushouse, Lucas, and Colina have analyzed BEubeny, T. Lanz, and A. Sweigart in using spectral synthesis
sample of 99 ULIRGs in the redshift rangee@.05-0.20 with  in determining an age for thez = 1.55 galaxy

HSTimages. They find that a significant fraction of thémt = LBDS53WO091. Yiet al. (1999 concluded that the galaxy
least 30% show signs of multiple (> 1) mergers. These was less than 2.0 Gyr old, and thus does not set useful con-
signs include(1) those with multiple nuclei, sometimes ac- straints on cosmological parameters.
companied by a complex system of tidal tails; d@dthose W. Waller (RITSS has been investigating the anatomy
that are in fact dense groupings of interactifgpon-to- and powering of starburst regions, as well as the dynamical
merge galaxies. Using space-density and other argumentgyrchestration of starburst activity in galaxies. A multi-
they hypothesize that the most likely progenitors for thesavavelength imaging study of the emission-line bubble
(and maybe aJl ULIRGs are the evolved descendants ofnebula N70 in the Large Magellanic Clogdith U. Wash-
compact groups of galaxidsimilar to the Hickson compact ington doctoral candidate B. Skeltoyielded an energy bud-
groups. get dominated by photoionization and winds from the hot
Borne, Colina, and ArribaglAC, Spain obtained multi-  stars inside, but also requiring additional powering from 1 or
fiber spectroscopic observations for several of the brighte®2 supernovae. The need for mechanical powering of the
ULIRGs using the new multi-fiber system at the William bubble nebula was especially pronounced at the shell bound-
Herschel Telescope. They have completed a study of thary, where thdS I1] emission is highly elevated relative to
emission-line gas in the bright ULIRG Mrk 273. The resultsthat at He and [N 11]. Comparison with the Orion nebula
show: (1) the presence of highly disturbed gas in the regionsshowed N70 to have considerably greater energetics of me-
around the LINER nucleu$?) a high velocity gas flow with  chanical origin. These results provide a basis for interpreting
a peak-to-peak amplitude in excess of 2000 km, sand(3)  the line emission from more distant and powerful starburst-
quiescent gas in the outé3 kpo regions. They hypothesize ing systems.
that the high-velocity flow is the starburst-driven superwind Waller has continued collaborations with members of the
generated in an optically obscured nuclear starburst, and thalitraviolet Imaging Telescop@JIT) Science Team, led by
the quiescent gas is directly ionized by the nuclear sourcel. Stecher at GSFC. Ultraviolet imaging of the face-on
like the ionization cones typically seen in Seyfert galaxies. ringed spiral galaxy M94NGC 4736 and of the edge-on
Borne and colleagues D. Patton, R. Carlbéty Tor-  disk galaxy NGC 4631 has revealed hitherto unseen patterns
onto), R. Marzke(OCIW), and C. PritchetfU. Victoria) are  of starburst activity, which when compared with observa-
obtainingHST images for a large sample of galaxy pairs attions at He and other visible bands, has provided diagnostic
intermediate redshift. They are attempting to identify thoseconstraints on the star-forming structures, histories, and un-
pairs that show evidence for interaction. The pairs were idenderlying dynamics in these two nearby galaxies. Their analy-
tified in the CNOC2 Field Galaxy Redshift Survey, and thusses indicate that the UV morphology of M94 is resonance
the pairs are known in advance to be at the same redshift ardtiven — suggesting similar dynamics in the ring-like “Pret-
dynamically close. The goal is to derive a firmer estimate ofzel galaxy” observed at high redshift; and that the UV struc-
the redshift dependence of the galaxy interaction and mergdure of the edge-on disk galaxy NGC 4631 is remarkably
rates. Several pairs have now been imaged and results will @milar to those of the so-called “chain galaxies” evident at
derived in the coming year. high-z — suggesting a similar interpretation for at least some
Borne and W. Keel[U. Alabama have obtained and are of these distant and primeval objects.
now analyzingHSTimages of two pairs of nearby interacting  Ongoing research efforts by Waller include the develop-
galaxies: Arp 297 and NGC 6621/22. They are analyzingnent of a UV-Optical atlas of nearby galaxies in collabora-
variations in numerous interaction-induced properfigar-  tion with P. Marcum(TCU) and M. Fanelli(Univ. of N.
ticularly, the frequency of young blue super star clusters Texas, spectroscopy and subsequent kinematic analysis of
These two collisions are believed to delimit the range ofthe cores of spiral galaxig@ collaboration with J. Kenney
galaxy-galaxy interactions: from weak, old interactidAsp  at Yale, and stellar photometry of the giant IHregions in
297) to strong, young interaction®NGC 6621/22. M33 (in collaboration with P. Hodge at U. Washingjon
E. Malumuth, N. Collins, and R.S. Hillall RITSS con- N. Collins (RITSS, with GSFC and other co-workers, has
tinued their collaboration with a group led by S. Heapcompleted and submitted a study of UIT imagery of the
(GSFC/LASR investigating the photometry and morphology edge-on spiral NGC4631. The study included analysis of
of galaxies in several groups at a redshift-ef0.1, using FUV, broad-band optical, Hx, H 8, and H1 and H
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position-velocity data. It has resulted in photometry of 48~ 1.5 to be larger than that inferred from UV-optical obser-
star-forming regions, modeling of the regions, and a detailedations by at least a factor of 2. This excess stellar energy
recent star formation history for the galaxy. A 3-kpc ring of must be mainly generated by massive stars, since it other-
star-forming regions located concentrically with an expand-wise would result in a local K-band luminosity density that is
ing H 1 shell is explained as originating 20 Myr ago from larger than observed. The energy sources could either be yet
supernova in a massive star forming region, with currenundetected dust-enshrouded galaxies, or extremely dusty
FUV emission arising from second-generation stars. star-forming regions in observed galaxies, and they may be
In April 1999, RITSS staff provided logistical, LOC, and responsible for the observed iron enrichment in the intraclus-
SOC support, for the “Annapolis Conference on Spectro-ter medium. The exact star formation history or scenarios
photometric Dating of Stars and Galaxies,” held at therequired to produce the EBL at far-IR wavelengths cannot be
Charles Carroll House in historic Annapolis, MD. The con- unambiguously resolved by tli@OBEobservations and must
ference was sponsored by GSFC’'s LASP and in part byawait future observationdewk et al. 1998.
RITSS and was attended by 52 astronomers from throughout RITSS scientist D. Fixsen is involved in the development
the world. It facilitated a confrontation of models with ob- of the TopHat balloon payload. This is being prepared at
servations related to the critical question of the ages of star&SFC for a December 2000 flight in Antarctica. HopHat will
clusters, and galaxies. RITSS staff is also providing editoriameasure the small scale structure in the cosmic microwave
support for the Proceedings which will appear in Novembetackground. RITSS support includes design and develop-

1999. ment of a cryostat which will rest atop this long-duration
balloon and must meet stringent specificatiarmass of 10
3.8 Cosmology kg with a 2-week hold time at milli-Kelvin temperatujes

Systems, detector, and telescope engineering and develop-

S. OdenwaldRITSS has continued his research collabo- ment support is also provided by RITSS.

rations with J. Mather and S. Kashlinsky, which has led to
the detection of fluctuations in the cosmological infrared
background between 1-5 microns usi@@BEDIRBE all-
sky data. They are continuing this research using 2-MAS%. EDUCATION AND PUBLIC OUTREACH
data in collaboration with M. Skrutsky at the Univ. of Mas-  RITSS scientists regularly give talks and demonstrations
sachusetts. at local schools and frequently act as judges at regional sci-
R. Arendt, D. Fixsen, J. Weiland and N. Odegddl ence fairs, and they also help to maintain the outreach and
RITSS collaborated with a groups lead by E. Dwek andeducation WEB resources associated with several of the
including T. Kelsall, D. Leisawitz, J. Mather, S. Moseley, R. projects discussed in § 2. In addition to these activities, the
Shafer, R. Silverbergall GSFQ and M. HausefSTSc) in  following contributions are aimed specifically at education
attempting to determine a direct measurement of the extragand outreach.
lactic background lightEBL). Such a detection could pro- J. Brosius mentored a public middle school teacher from
vide important constraints on the integrated cosmologicathe District of Columbia during summer 1999 as part of the
history of star formation, metal and dust production, and theSUNBEAMS (Students United with NASA Becoming En-
conversion of starlight into infrared emission by dust. Theythusiastic About Math and Sciencprogram at GSFC. He
examined the cosmological implications of the recent detechelped develop lesson plans, participated in Parents’ Night
tion of the EBL in the 125 to 500@m wavelength region by activities, and interacted with students visiting GSFC.
the DIRBE and FIRAS instruments on boa@DBE They E. Bell, J. Cooper, and D. Wiliam@&RITSS are collabo-
demonstrated that the 140 and 240n isotropic residual rating with E. Myhill (Marymount Univ) in developing an
emission found in the DIRBE data cannot be produced byducational outreach effort related to the Jovian magnetic
foreground emission sources in the solar system or the Gafield and satellites. The effort is called Interactive Magneto-
axy. The DIRBE 140 and 240 m isotropic residuals, and by spheric Particles Applied to Classroom Teaching, or IM-
inference the FIRAS residuals as well, are therefore extragd?ACT, and is geared towards undergraduate and upper level
lactic. Assuming that most of the 140 and 2d46h emission  high school students.
is from dust yields a & lower limit of vI(v) ~ 5 nW m 2 S. OdenwaldRITSS has been thtMAGE Education and
sr~1 for the EBL at 100um. The integrated EBL detected by Public Outreach manager during 1996-1999. In February
the COBEbetween 140 and 500@m is~ 16 nW m 2 sr 1, 1999, he was awarded the NASA Excellence in Outreach
roughly 20%-50% of the integrated EBL intensity expectedaward at GSFC for his many popularizations of astronomy in
from energy release by nucleosynthesis throughout cosmisuch venues as Sky and Telescope, Astronomy, and the
history. This also implies that at least5%-15% of the bary- Washington Post. His well-known web site The Astronomy
onic mass density implied by big bang nucleosynthesis ha€afe,
been processed through stars. TW@®BE observations pro- http://www?2.ari.net/home/odenwald/cafe.html has been in
vide important constraints on the cosmic star formation ratepperation since 1995, and the success of his Ask the As-
and we calculate the EBL spectrum for various star formatronomer resource led to the publication of his bobhke
tion histories. The results show that the UV and opticallyAstronomy Cafe; 365 questions and answers from Ask the
determined cosmic star formation rates fall short in producAstronomerby W.H. Freeman. His CDROM was also fea-
ing the observed 140 to 5000m background. Th&€OBE tured in the recent edition dbiscovering Astronomyy S.
observations require the star formation rate at redshifts of Shawl, R. Robbins and W. Jeffereys.
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L. Mayo coordinated GSFC SEC participation in devel-scientists do. Graduate students are at a point in their lives
opment of a Space Weather traveling museum exhibit. Thisvhere they must decide which direction their career should
effort, led by the Space Sciences Institute, is developing &ake. Unfortunately, they have typically had very little con-
traveling 200 square foot exhibit to teach the public aboutact with astronomers in the private sector and know very
the sun earth connection and it's impact here on Earth. Exhttle about their skill mix or activities. This article was in-
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