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The following report covers CASP activities from 1 October for our employees, in science related matters. CASP is em-
1999 through 30 September 2000. ployee organized and supervised and its current chairperson
is A. Danks.
CASP produces a newsletter in which RITSS scientists
discuss their science and project contributions, maintains a

1. INTRODUCTION mailing list to inform its members of announcements of op-
portunity and encourages employees to apply for grants to
1.1 Company Background pursue independent scientific research. CASP uses a small

Raytheon ITSS was founded in 1973 as Systems and Ag2udget provided by RITSS to support company scientists
plied Sciences Corporation, and subsequently changed itéhile writing personal science proposals and to fund travel
name to STX. On October 1, 1991, STX was acquired b)}o scientific meetings and. to cover put')lllcatlon posts,. when
Hughes Aircraft Company and became Hughes STX Corpo™® other sources are a\_/allable_._ In addition, during this past
ration headquartered in Lanham, Maryland. During 1997, th¢/8ar, CASP scientist Dieter Bilitza was awarded a RITSS/
company was acquired by Raytheon as part of a merger pb&ASP sabbatical. Under thl_s program, CASP scientists are
tween Hughes and Raytheon, and became Raytheon sTRWarded 50% support for six months by company funds to
During 1999, we became fully integrated into the RaytheorPUrsue their own scientific research. . .
corporate structure and renamed Raytheon Information CASP is a corporate affiliate of the Astronomical Society
Technology and Scientific ServicéRITSS. of the Pacific, primarily because RITSS supports the ASP’s

Raytheon ITSS is a for profit corporation of more thanSrong commitment to educational and public outreach.
2,000 employees who are skilled in a wide range of technicabASP member, K. Borne, is a member of the ASP Publica-
and administrative disciplines, including scientific researchions Committee.
software systems development, systems integration, and
local-area network planning. Approximately 80% of our em-1.3 Personnel
E/llgﬁeerz Z?liscgdli r\r,]é? degrees, with 40% of this group at the As of October 2000, Raytheon ITSS staff scientists with

RITSS offers on site professional support at Iocationqiséruogg.nj]y’ Aﬁ?;ir ghyilr(;g sEpaé;:”pgysgjrcri?(:lﬁga\/(dsl(l;tel:r)ests
such as NASA’s Goddard Space Flight Cen@SFQ, the ilitza J i3|ackV\;eII . S. Boar’dsén K., Bc;rne L. Breedo,n J
EROS Data Center, the Naval Research Laboratory, Edwar(grosiu’s L Brown. R. Cebula. S. Chen. N. Collins. J. Coo-
Alr Force Base, the Per_1tagon, Mar_shall Spa(_:e Flight Cente[Jer, R. 'Cornett, A Danks, M'. Deland, ’M. Dueste}haus, E.
Ne_monal Weather Serv!ce, the _Nat|onal Environmental Sat'EinfaIt, R. Fettig, D. Fixsen, M. Freed, H. Freudenreich, D.
ellite and Data Information Service, NASA's Ames ResearChEriedlander, M. Greason, J. Hill, R.J. Hill, R.S. Hill, K. Hill-
Center, JPL and the National Science Foundation’s Sout rup, K. Hills, J. Hollis, Z. Huang, P. Jackson, K. Jensen, S.

Pole _Stat|on. . Kashlinsky, P. Keegstra, E. Kemper, C. Klipsch, A. Kutyrev,
This report focuses on RITSS science and computer SURY Kuznetsova. W. Landsman. P. Lawton. P. Leonard C

port for'a number of NASA'’s scientific programs at NASA's Lisse, E. Malumuth, D. Massa, L. Mayo, J. Mullins, T.

GSFC in Greenbelt, MD. Norton, N. Odegard, S. Odenwald, J. Offenberg, L. Ofman,
B. O’'Neel, M. Peredo, B. Perry, E. Pier, T. Powers, L. Rob-

1.2 CASP erts, G. Rohrbach, G. Schneider, R. Schwartz, J. Silvis, K.

RITSS understands that in order to attract and retain scF—Smale’ J. Staguhn, A. Szabo, L. Tan, W. Taylor, B. Thomas

entists with outstanding credentials, it must support theilK' Tolbert, M. Tripicco, N. Tsyganenko,_P. Tyler, P.‘ .U”be’

need to performboth project orientedand independent re- F. Varosi, W. Waller, W. Warren, J. Weiland, D. Williams.

search. Consequently, in addition to providing membership

dues to professional societies, such as the AAS, for its pro2. SPACE INSTRUMENTATION AND MISSION

fessional staff it also established the Center for AstronomypUPPORT

and Space Physic€CASP. CASP’s charge is to promote Raytheon ITSS scientists and IT professionals provide

and facilitate professional achievement within RITSS, and isupport for the following projects.

one of the RITSS centers of excellence, FUSE: FUSEis a NASA-supported astronomy mission that
CASP is made up of roughly 75 RITSS Astronomers andwas launched on June 24, 1999 to explore the Universe using

Space Scientists, primarily on site at GSFC. Its purpose is tthe technique of high-resolution spectroscopy in the far-

provide RITSS scientists with a framework in which to meetultraviolet spectral region. The Johns Hopkins University has

and discuss scientific and professional matters, to stimulatihe lead role in developing and now operating the mission, in

cross disciplinary ideas, and to provide an identity and voicecollaboration with The University of Colorado at Boulder,
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The University of California at Berkeley, the Canadian sphere to changes in the solar witltllAGE will use neutral
Space AgencyCSA) the French Space Agen¢gNES, and  atom, ultraviolet, and radio imaging techniques to:
corporate sponsors. The spectral region opened UpUSE 1. Identify the dominant mechanisms for injecting plasma
allows astronomers to measure the cosmic abundance of deimto the magnetosphere on substorm and magnetic storm
terium (a primary constraint on cosmological modelsio-  time scales;
lecular hydroger(a fundamental constituent of the interstel- 2. Determine the directly driven response of the magneto-
lar medium and highly excited gas in the hot stars andsphere to solar wind changes; and,
galaxies which cannot be examined at other wavelengths. 3. Discover how and where magnetospheric plasmas are
RITSS is involved with science support and software develenergized, transported, and subsequently lost during sub-
opment forFUSE More information about thEUSE satel-  storms and magnetic storms.
lite is available from: http://image.gsfc.nasa.gov/

http://fuse.pha.jhu.edu/ RITSS scientists are involved with developing tools to
GLAST: The Gamma-ray Large Area Space Telescopeeduce and interprdMAGE data. This includes software to
(GLAST is a proposed astrophysics mission to study thesimulate the expected observations, models which will be
high-energy gamma-ray sky at energies between 10 MeVsed to interpret the physical proces#da\GE will observe
and 300 GeV. The primary instrument is a pair-conversiorand complex algorithms to reduce the raw data into a usable
telescope based on solid-state particle-tracking technologyorm.
GLASTwiIll be 30 times more sensitive than the Energetic The IMAGE Mission Team is also committed to a strong
Gamma Ray Experiment TelescofeGRET) on board the program of Public Outreach, and Education, and Raytheon
Compton Gamma Ray Observatory, CGRBDASTis atwo-  ITSS scientists are also contributing to this aspect of the
year mission(with planning for five yeanswith an antici- mission as well.
pated launch in 2005. Observing targets includeadtive = MAP: The Microwave Anisotropy ProbéVAP) is a MI-
galactic nuclei, 2 gamma-ray burst sources) Bulsars, 4 DEX class mission, selected by NASA in 1996, to probe
supernova remnants) 8liffuse emission source@ncluding  conditions in the early universeMAP is scheduled for
interstellar gas in our Galaxy, and the isotropic componentaunch in the Spring of 2001 and will measure temperature
which is probably extragalachic 6) unidentified EGRET differences(“anisotropy”) in the cosmic microwave back-
sources, and)7solar flares. ground radiation over the entire sky in bands from 22 to 90

GLASTIs a collaboration of several institutions. GSFC GHz. RITSS support has included hardware specification
scientists are deeply involved in the planning of the projectand benchmarking, data system design, development, and in-
and Raytheon ITSS scientists are assisting all levels of theegration, and pipeline and analysis software development,
effort including simulations of its astronomical performance.and instrument integration and test support.

More information aboutGLASTs science objectives can For further information orMAP, see
be found at http://map.gsfc.nasa.gov/

http://glast.gsfc.nasa.gov/ NGST: The Next Generation Space Telescope, N@&Sa
HEASARC: The High Energy Astrophysics Science Ar- mission currently under study by NASA as a follow on to the
chive and Research CentddEASARC) supports a multi- Hubble Space Telescope, HITs aims are to further our
mission archive facility in high energy astrophysics for sci-understanding of how the universe evolved following the Big
entists all over the world. Data from space-borne instrument8ang using capabilities unavailable in either existing ground-
on spacecraft, which inclulROSATASCA CGRQ BBXRT  based or space telescopes. Simply put, its goal is to observe
HEAO-1, HEAO-2 EXOSAT and XTE are provided, along the first stars and galaxies in the Universe. Launch is sched-
with a knowledgeable science-user support staff and tools taled for 2008, and the project has just completed its Phase A,
analyze multiple datasets. For further information, see or the conceptual development stage. Currently, RITSS sci-

http://heasarc.gsfc.nasa.gov/ entists Cornett, Danks, Fixsen, Kutyrev and Offenberg are
HESSI: is the High Energy Solar Spectrometer-Imagerworking with Lockheed Martin and GSFC scientists on sev-
(HESS]), a Small Explorer, or SmEx mission currently under eral NGSTstudies. These include acting as an interface be-
development for a planned March 2001 launch. Using Foutween Lockheed Martin and GSFC scientists in characteriz-
rier transform imaging and spectroscopy of solar X- gad ing the NGSTIntegrated Science Instrument Modyl&IM)
radiation derived from observations through rotating gridsand studies of onboard computational capabilities. More in-
HESSIwill provide uniquely high resolution spectral and formation aboutNGSTis available from
image data of solar flares and related events. RITSS scien- http://ngst.gsfc.nasa.gov/
tists support includes instrument characterization and testinggOHO: The Solar and Heliospheric Observat¢§0OHO is
data system development, design and integration of the soféne of ESA and NASA’'s most ambitious projects for the
ware system(being developed world-wide by the science 1990’s. Its mission is to understand the interactions between
tean), and will include pipeline and analysis software andthe Sun and the Earth’s environment and to address some of

processing. the most perplexing riddles about the Sun, including the
More information abouHESSIis available from heating of its corona, the acceleration of its wind, and the
http://hesperia.gsfc.nasa.gov/hessi/ physical conditions of the solar interior. It is giving solar

IMAGE: is a MIDEX mission, was launched on March 25, physicists their first long term view of the Sun by operating
2000, to study the global response of the Earth’s magnetdrom a permanent vantage point 1.5 million km ahead of the
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Earth in a halo orbit around tHel Lagrangian point. Further general science support, A. Danl&aytheon ITSBis a Co-
information may be obtained at Investigator on the STIS science team.

http://sohowww.nascom.nasa.gov/ With the STIS now fully functional, RITSS support for
SSDOO: The Space Sciences Data Operations Off8g-  STIS is peaking. RITSS astronomers: R.S. Hill, N.R. Collins,
DOO) is responsible for the project management of selecte®.H. Cornett, R.J. Hill, W.B. Landsman and E.M. Malumuth
missions and the development and operations of data ar® contributing to the scientific calibration and to the analy-
information systems which support processing, managemerﬁ,is and interpretation of the observations. Contributions by
archiving, and distribution of space physics, astrophysics?eVera| RITSS STIS team members will be found throughout
and planetary data. The SSDOO includes the Astrophysicg‘is reporp Further information about STIS can be found at:
Data CentefADC) and Space Physics Data Facili§PDP http:/hires.gsfc.nasa.gov/ .

The ADC acquires, verifies, formats, and distributes as- OPHat: the The Optimally PositionedHalf-DegreeAnisot-
tronomical catalog data in computer-readable form. ThdOPY Telescope. TopHat is an instrument that has been de-

ADC's archives contain more than 2500 catalogs and journaff'gned to collect data on the Cosmic Microwave Background

tables of astrometric, photometric, morphological, spectro%?r(:?;:jon';tseiz:fsgﬁg ';ntg stltljldgellgﬂrg u:}t:\ie trr?lecr(s)\évat\r/]esgg
scopic, polarization, kinematic, and multi-wavelength data wav g Wi W u
during this year.

for stellar and non-stellar objects. The ADC group also de- : . -
o The TopHat experiment includes a spinning telescope and
velops and maintains software tools to access these data. The . - .
. . . ) . a detector system. It will map a 48 degree diameter disk of
ADC is part of an international federation of astronomical

I the sky above the Southern Polar Cap. To accomplish this,
data centers. The capabilities of the ADF and ADC allow,[he telescope will simply spin at a constant rate about its

researchers to identify scientifically interesting objects anQ/ertical axis. As the Earth rotates, the entire polar cap will be
correlations, to carry out archival data-mining searches, tQpserved each day.

locate existing archival data on user-selected objects, and t0 R|TsS astronomer D. Fixsen is involved in the design

prepare observing lists fgr further observational studies. Theynsiruction and integration of the HopHat instrument. More
ADC can be accessed via information on TopHat can be found at:

http://adc.gsfc.nasa.gov/ http://topweb.gsfc.nasa.gov/
The ADC has also become a leader in the development of

XML tools for astronomy. XML (eXtensibleMarkup Lan-
guage is an emerging standard for digital information 3. RESEARCH
markup. It allows informationdata, metadata, documenta- 3.1 Instrumentation and Data Processing

tion, resources of any kindo be expressed in a structured, )
flexible, and easily parsible manner. XML allows for E- Shaya(RITSS continued as Pl of a NASA funded

contents-based tagging of any information resource, and cofi€S€arch project applying XML to ADC data center activi-
sequently it will allow for powerful, focused, and efficient t|es”. Wo(;kl(gg év'tt:‘ B:dThOHma}S’ J. Sass,hB. Holmes, JC Black-
contents-based search and retrieval of information. Such ¥ t an - o€ ne|t fﬁ‘ )c()MEIT d$ the enpre AD rﬁ; q
system must be in place if wide spread, distributed data minP0OSttory was converted to anc ISSUes ot query methods
ing is ever to become a reality. More information and Onand informational display were studied. A pipeline was setup
XML can be obtained from the ADC age: to extract bibliographic and tabled data from articles pub-
htto:/ftarantellaasfe.nasa ov/xml/p ge- lished at the UC Press and convert them from SGML to
Thg. ADC has r.(gecer.]tl dé?/elo ed several new data visuADC,S XML language (dataset.dtd In addition, a general
lization tools which yb P d XML format for containing scientific data was developed,

aIZha:tl;;)'?/taorgr?t(::vllal(;sfza:asz gg\c/i/?:ever/ the eXtensible Data FormafXDF). Additional elements

. . . were added to XDF specifically to hold FITS keywords by
These include the ADC Catalog Viewer which enables th<=The creation of yet another language FITSML.dtd

user to browse ADC catalogs and journal tables, ABQC K. Borne (RITSS has carried out a number of “proof-of-
External Query) which culls catalogs non-interactively, and ¢qncent archival projects that are directly applicable to the
IMPReSS, which enables the user to plot observation footye\, National Virtual ObservatorfNVO) initiative. He has
prints and access multi-mission data. _ _ reviewed the science requirements for specific scientific user
The SPDF also part of the SSDOO and is responsible fogcenarios that would benefit from an NVO. He has also par-
the development of a variety of space physics mission planjcipated in community forums on this subject. In one such
ning tools and facilitating correlative data analysis for thegrchival project, Borne explored several on-line databéstes
International Solar Terrestrial PhysiGSTP) program. For  the ADC, at the HEASARC, at NED/IPAC, and at STScl/
additional information, see MAST) to estimate the galaxy interaction fraction within a
http://nssdc.gsfc.nasa.gov/spdf/spdf.html newly published catalog of galaxigthe “Updated Zwicky
STIS: The Space Telescope Imaging Spectrogré@HS), is  Catalog” (Falco et al. 1999, PASP, 111, 4381t was esti-
one of the second-generation instruments for the Hubblenated from these multi-archive cross-mission archives that
Space Telescop@iST). It was successfully installed dAST  the galaxy interaction rate in the local universe is approxi-
during the second servicing mission in 1997 February and isnately 8%.
now providing a unique combination of spectrographic and D. Fixsen(RITSS and R. ArendtRITSS continued their
imaging capabilities in the UV and visible. In addition to work with H. Moseley(GSFQ to develop a self-calibration
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algorithm for the Infrared Array CamerdRAC) imaging modern data, were completely replaced in a consistent way.
array to fly onSpace Infrared Telescope Facility, SIRTHor ~ Numerous individual corrections, mostly for multiple stars,
testing purposes, they applied the current code toHB&  were made.also
NICMOS observations of the Hubble Deep Fiel@soth
North and South with encouraging resultgFixsen et al. 3.2 Space Physics
2000. They also developed optimal observing strategies to
perform the self-calibrationArendt et al. 200D

D. Fixsen and J. Offenber@RITSS along with J.D. Ha-
nisch(STSc), R.J. MatheGSFQ and others developed an
algorithm to optimally process uniformly sampled array im-
age data obtained with a non-destructive readout. The alg

rithm discarc_is full wells, removes cosmic-r@article hits lasma instrument data fro@eotail AMPTE/IRM ISEE-2

and cher glitches, and makes a ngarly optimum estimate ‘ﬁ\/IP 8, and Wind spacecraft. The goal of this work was to
the signal on each pixel. The algorithm also compresses the,y 4 optimal set of input variables for parameterizing the
data. The computer requirements are modest, and the resullfysq ail electric current in the data-based magnetosphere
are robust. The results are shown and compared to results f els. A search was made for the best combination of the

Fowler-sampled and -processed data. Non-ideal detector pela ar wind pressure and IMF related quantities, providing the
formance may require some additional code, but this is nofighest multiple correlation coefficier® between the pre-

expected to cost much processing time. Known types of degjcted and observed tail lobe field. In the near magnetotail, a
tector faults were addressed. ~ very good fit R=0.967) was obtained using a simple four-
E. Malumuth(RITSS devised a model of the fringing in - y3rameter regression relation, and the largest contribution
the HST Space Telescope Imaging Spectrograf8T1S) a5 found to come from the pressure-related téfisyga-
CQD slitless spectra mode based on known and fitted progsenko 2000a. In the same study, time lag effects were in-
erties of the STIS CCD. The model allows a user to form d/estigated by using the data from one-hour “trails” of the
calibration “fringe flat” for any object in a slitless spectra. go1ar wind parameters, accompanying each tail lobe data
Using the model improves the fringing by a factor of aboutrecord. In the inner magnetotail, the contribution from the
5. R. Hill (RITSS planed a set of STIS calibration observa- yressure dependent term was found to increase with growing
tions to analyze reflection ghosts on its CCD window. Hetjme lag, suggesting a significant average delay between the
also explored the behavior of STIS CCD hot pixels and dif-changes of the solar wind pressure and the reaction of the
ferent rejection schemes. lobe field. At larger distances, the tail field was found to
D. Massa(RITSS continued his work with the?USE  respond with much shorter delays, which implied a greater
science team. Their work on the calibration of tRESE  [gje of directly-driven processes there.
spectrograph and the development of iéSEscience data N Tsyganenko also developed a quantitative model of the
pipeline software is detailed in Sahn@tal. (2000. Massa  jnner magnetospheric magnetic field, which combined the
also collaborated with E. Fitzpatrig®). Villanova) on en-  asymmetric ring current with field-aligned currents, gener-
hancing the accuracy dUE data. They showed that the ated owing to the azimuthal variation of the plasma pressure.
low-dispersionlUE New Spectroscopic Image ProcessingThe model ring current and associated Birkeland currents
System(NEWSIPS data contain serious systematic effectswere derived from average radial profiles of particle pressure
which compromise their utility for certain applications. They and anisotropy, observed b§yMPTE/CCE spacecraft, and
demonstrated that NEWSIPS low-resolution data are intertheir fields were represented by expansions, fitted by least
nally consistent to only 10%-15% at best and that the NEWsquares to the field, obtained using the Biot-Savart integral.
SIPS flux calibration is inconsistent by nearly 10%. TheyThe goal of this work was to devise a realistic and compu-
formulated and applied algorithms to correct these effects teationally efficient description of the asymmetric ring cur-
the ~3% level — a factor of 5 improvement in accuracy. rent, to be included in an advanced model of the external
Finally, they placed thdUE data ontoHST FOS system geomagnetic fieldTsyganenko, 2000d
(Massa & Fitzpatrick 2000 D. Bilitza (RITSS was the recipient of a half-year sab-
J. Staguhr(RITSS continued his work within the BIMA  batical research leave from Raytheon ITSS. During the sab-
group at theU. Md.) on water vapor radiometry in order to batical he developed a model for the electron density in the
improve the phase coherence for mm wave interferometersopside ionosphere based on a large data base of topside
Working with A. Eckart and E. Schinneréd. Md.) on high  sounder data from th8louetteand SIS satellites(Bilitza &
resolution observations of a nearby QSO, they were able twilliamson, 2000. D. Bilitza organized and chaired a ses-
image a kiloparcec molecular ring in the rotational groundsion on “Modeling the Topside lonosphere and Plasmas-
state transition of CO for the first time. phere” during the COSPAR General Assembly in Warsaw,
W. Warren (RITSS, in collaboration with C.B. Sande Poland. Collaboration continued with a team at the Interna-
(CSO, and D.A. TracewellGSFQ, completed Version 3 of tional Center for Theoretical Physi¢kCTP) in Trieste, Italy
the SKY2000 Master Star Catalog, the source catalog foon improvements of the electron density model in the Inter-
NASA satellite acquisition and attitude determination. One-national Reference lonospheil&l) (Bilitza et al. 2000 and
dimensional spectral types and photovisual and photographiwith a team at the Polytechnical University in Barcelona,
magnitudes, which serve as consistency checks for mor8pain on using GPS data to updated the IRI model. Version

N. Tsyganenko RITSSinvestigated the magnetic field
response of the Earth’s magnetospheric tail to the dynamical
pressure of the solar wind, the interplanetary magnetic field
(IMF), and the Dst-field observed at the ground. His study
covered a wide interval of distances between 10 and 60 earth
Yadii and was based on multi-year sets of magnetometer and
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2000 of the IRI model was prepared following the decisionswith S. White (U. Md.) and Peter GallaghgBBSO/NJIT),

made at the Warsaw meetiriBilitza, 2000. new coordinated observatiori@cluding also OVRO and
TRACH were obtained during an observing campaign in
3.3 Solar Physics July 2000.

Brosius, R. Thomas, J. Davilébhoth GSFQ, and W.
Thompson (Emergent used coordinated SERTS-99 and
CDS observations from the 24 June 1999 sounding rocket

L. Ofman(RITSS collaborated with J.M. DavilaGSFQ
on two-fluid two-dimensional magnetohydrodynamic

(MHD) models of the solar wind. The models show that,. : - ; . .
flight to derive a preliminary calibration correction curve for

Alfvén wave motion may explain the broad laydines ob- . .
served in coronal holes by the SOHO Ultraviolet Corona-ine CDS Normal Incidence Spectrometer's NIS-1 waveband.

graph SpectrometefUVCS). Ofman also collaborated with This is especially important owing to CDS calibration varia-
V.M. Nakariakov(U. Warwick), E. DeLuca(Harvard CfA tions due to loss of control 8OHOduring the summer and

B. Roberts(St. Andrews U) anaJ M. Davila on the anal);sis fall of 1998. A similar CDS calibration correction based
of the Transition Region and Coronal Explore(TRACE  UPON coordinated SERTS and CDS observations acquired 18
Observation of coronal loop oscillations excited by a solafVOvember 1997 was derived, verified, and incorporated into

flare. The team used the damped loop oscillations to estimafd® CDS calibration software. Brosius, Thomas, Davila, and

the dissipation coefficient in the corona, and found that the! NOMPson also used SERTS-97 spectra of NOAA region

coefficient is many orders of magnitude larger than the clas8108 to find relative blueshifts in the southern portion of the
sical value. Ofman, Nakariakov, and T.D. ArbéBt. An- active region, Wlth relative redsh|ﬁ§ in the nor(B_rosms
drews performed a nonlinear study of dissipative spherical®t @- 20000. Brosius, Thomas, Davila, and Landi used an
Alfvén waves in solar coronal holes. They found that the@verage spectrum of NOAA region 8108 from SERTS-97 to
wave dissipation is dramatically increased by the nonlineafind @ number of F&v emission lines not previously seen in
transfer of energy to smaller scales. Ofman also collaborate§Plar EUV spectraBrosiuset al. 20004. In addition, they
with V.M. Nakariakov and N. Sehgdlvale) on an investi- meagurgd n.onthermal I|ne.W|dths of 35 kmtdor all avall-.
gation of the dissipation of slow magnetosonic waves in@ble ionization stages of iron from throughxvi (and Ni
coronal plumes. They investigated the parametric deperfﬂV”')’ de_rlved mqtual_ly consistent electron d_ensmes using
dence of the wave properties, and found that the nonlinea?e}’erm dlffereqt line intensity ratios, and derived the DEM
steepening of the waves leads to enhanced dissipation owir§ing the iterative method of Landi and Land{ab97).

to compressive viscosity at the wave fronts. Ofman also in- Brosius also participated in the Max Millennium Observ-
vestigated the Source Regions of the Slow Solar Wind if"d Campaign during March 2000. He began analysis of
Coronal Streamers by performing three-fluid 2.5D MHD EUV flare observations obtained with CDS in search of evi-
simulations of the solar wind. Using the model he found thadence for particle beams during a solar flare. A beam of
the enhancement of the oxygen line emission occurs due faonthermal alpha particles would manifest itself through an
the enhanced abundances 6f'Qons in the legs of streamer €nhancement in the red wing of the Heine at 303.78 A,
caused by the Coulomb friction with the outflowing protons. Without a corresponding blue wing enhancement.

L. Ofman collaborated with A. Vias (GSFQ, and S.P. R. Schwartz(RITSS continues to develop imaging and
Gary (Los Alamos to investigate the constraints on thé™O spectroscopic analysis software in preparation for the launch
anisotropy in the solar corona. They performed hybrid simuof High Energy Solar Spectroscopic ImagéerESS) in
lations of the solar wind plasma and found that the high O March 2001. He is working in collaboration with theESSI
anisotropy leads to the ion-cyclotron instability and consescience team, PI R. Lin, J. McTiernan, D. Smith, A. Csil-
quently, the ion anisotropy will decrease. The instability con-laghy, and G. HurfordU. Cal), B. Dennis, D. Zarro, and E.
strains the value of the anisotropy that can be sustained in thechmahl (GSFQ, and A. Zehnder and M. FiviariPaul
solar wind plasma. He also collaborated with M. Rongbli ~ Scherrer Insj. Schwartz also continues his collaborations
Florence, G. Poletto(Arcetri) G. Nocci (U. Florence, and  With Gerard Trottet and Ludwig KleiParis Obs., Meudgn
J.L. Kohl (CfA) on the observations and the interpretation ofwith two papers in preparation.
compressional waves in solar coronal holes. The detection of M. DeLand and R. CebuléRITSS continued their analy-
compressional waves in coronal holes has important implisis of theNimbus-7SBUV solar UV spectral irradiance data
cations on theories of fast solar wind acceleration and heaset. The original version of the data set, archived in 1988,
ing. Finally, Ofman contributed to the study of the magneticcontained significant long-term calibration errors in the later
cloud of October 18-20, 1995 by M. Colli¢6SFQ and his  portion of the 8-year recordNovember 1978 to October
group. Several interesting phenomena that were observed #986. Later work by Schlesinger and Cebula in 1992 greatly
the cloud indicate that reconnection of the clouds’ magnetié¢mproved the instrument characterization, but did not pro-
field took place near the Sun. duce a publicly available data set. Recent work by DelLand

J. Brosius(RITSS continued his collaboration with N. and Cebula focused on three areas. An improved correction
Gopalswamy(Catholic U) and E. Landi(NRL) to derive for long-term wavelength scale drift was derived from obser-
3-dimensional coronal magnetograms from coordinatedvations of solar absorption lines. Refinements were made to
SERTS-97, CDS, EIT, VLA, and SXT observations of the instrument sensitivity change correction to reduce errors
NOAA region 8108. This method yields measurements ofin the final two years of theNimbus-7 data record. An
coronal magnetic fields that can be compared with extrapoanomalous periodic variation affecting only short wave-
lations from photospheric magnetograms. In collaborationength data was characterized empirically, but no correction
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was applied to the final data set. TNEmbus-7SBUV solar  cometary gaseous species was successfully detected during a
irradiance data have been reprocessed with all available irsolar flare, as well images of the emission structure with
strument characterization corrections. These data can be obnprecedented detail. An extended serie&€OVE observa-
tained electronically as daily spectra binned to 10A inter-tions (PI Lisse was also carried out, in order to obtain pho-
vals over the wavelength range 1700-4000A. This format isometry at energie€20 - 300 eVf below the cutoff ofChan-
consistent with irradiance products from the SME,dra, and to allow us to compare the new comet to BUVE
NOAA-11 SBUV/2, UARS SUSIM, and UARS SOLSTICE ROSATX-ray photometry database of 15 comets. A related
instruments. Comparisons with overlapping SME data duringprogram, theFUSE Comet Study of H. Weaver, in collabo-
1982-1986 show similar representations of short-term andation with C.M. Lisse and D. ChristiatSTSc), will be
long-term solar UV variability during solar cycle 21. Sepa- obtaining the firsEUSE high resolution far-EUV spectrum
rate comparisons with NOAA-11 SBUV/2 data indicate thatof comet C/McNaught-Hartley 1999 T1 in late 2000. The
solar cycles 21 and 22 had similar magnitudes and long-terrgoal of this program is to determine the presence or absence
behavior in UV irradiance, but demonstrated differences inpf far-EUV line emission from charge exchange between so-
short-term and medium-term variations. A complete discustar wind minor ions and cometary gaseous species. Analysis
sion of this work has recently been submitted for publication of this database to date has determined the following about
this new phenomenon: the X-ray emission is confined to the
3.4 Planetary Physics cometary coma between the nucleus and the Sun in a region
J.F. Cooper(Raytheon ITS$ continued collaborations 10°—10P km in extent, it is not correlated with extended dust

with C.M.S. Cohen(Caltech, R.E. JohnsoriUniv. of VA) or plasma tails, nor is it correlated in time with the solar
B.H. Mauk (APL/JHU) HB Garrett (JPD), N. Gehreis X-ray flux or solar wind flux; the spectrum of the emission is
(GSFQ and others on analysis and modeling of energeti/6"Y SOftE<0.70 kev, with pronounced “”905 at 650 eV due
particle data from th&alileo Orbiter spacecraft's continuing 0 charge exchange onto @; roughly 25% of the time
five year tour of the Jovian satellite system and the magnetdzOMets show luminosity outbursts correlated with increases

sphere. The work with Cohen and Gehrels uses high enerd}) Solar wind density and solar wind magnetic field; and all
trapped ion data for oxygen and sulfur from the Heavy loncOMets within 2 AU of the Sun and brighter thelr- 12mag

Counter(HIC) instrument in the vicinity of the Galilean sat- Nave been detected in the X-ray. The last comet to be ob-
ellite lo. The objectives for lo are to use data from the ob-Served byROSAT 55P/Tempel-Tuttle, showed typical X-ray
served ion-satellite interactions to constrain the ionic charg@€havior over the longest temporal baseline to date, January
states of the ions and the magnetic models for the lo inter}® - Feb 5, 1998Lisseet al. 2000. Comparison of the out-
action with the Jovian magnetosphere. Several conferenderst times of the 4 brightest comets shows that a simple
presentations and one published artit@ohenet al. 2000 latitude-independent model of the solar wind sector bound-
have resulted from this work. Another objective has been tdifies correlates better than the more complicated, currently
use medium energy ion and electron data from the Energetigccepted potential field model of Hoeksegtaal. (1983 ap-
Particle DetectofEPD) instrument on the&Salileo Orbiter to  Plied to photospheric magnetic field observations made at the
model the irradiation of the four Galilean satellite surfacesWilcox Solar Observatory.
by magnetospheric particles. The outer three satel(fes Lisse also participated in an archival studyR®SATand
ropa, Ganymede, and Callistaere the subject of other con- EUVE X-ray lighcurves of C/Hyakutake 1996 B2. Using the
ference presentations and of a lengthy arti€@eoperet al.  SOHOsolar wind record, they demonstrated a strong corre-
2000 on the irradiation effects. A particularly interesting lation between the solar wind flux and the X-ray flux, with
result is the specification of yields for production of oxidantslarge, frequent outbursts which Neugebauer, Lisstal.
(0,, H,0,) on the surface of Europa; these oxidants and2000 suggest is due to compositional variations in the solar
other irradiation products provide resources for potentiawind. A comparison of the observed X-ray spectra and mor-
evolution of biological life forms in the putative ocean below phology to that derived for N&I/Ne x in an electron beam
the Europan ice crust. trap (Biersdorfer, Lisse, & Olson 200Guggests a reworking

M. Freed (RITSS continued her research with R. Oliv- of the theoretical assumptions used in previous models of
ersen(GSFQ and F. SchertfU. Wisc) on the time variabil- charge exchange emission, as well as the possibility of using
ity of [0 1] 6300A emission from lo and the lo plasma torus the spectra to diagnose the density and CM velocity of the
interaction. This work included development of a databas&olar wind in cometary comae.
that contains information on the over 2000 spectra collected C.M. Lisse, in collaboration with Y. Fernandez and M.F.
from 1990-1999 and is intended for public release in the neaf’Hearn (U. Md.) and S.B. Peschke and E. GrugviPIE),
future. Results based on the data presently analyzed indicag@ntinued a campaign of simultaneous optical and infrared
that lo can be used as a probe to study the three-dimensiond.4 - 20.0,.m) observations of cometary dust and nuclei,
structure of the lo Plasma Torus. observing 3-5 comets per year. Fourteen comets have been

C.M. Lisse, together with D. Christiai8TSc), J. Truem-  observed with signal-to-noise rati@S/N) large enough to
per, K. Dennerl, J. Englhauser, M. Desch, F.E. Marshall, Rallow detailed modeling of the emitted dust, and 7 comets
Petre, S. Snowder{GSFQ, obtained the firstChandra  with high enough S/N and contrast between the nucleus and
ACIS-BI images and low-resolution X-ray spectra of acomafi.e., either nearby comets or low activity comets
comet, C/LINEAR 1999 S4, in July 2000. Line emission obtain good estimates of the thermal emission from the
from charge exchange between solar wind minor ions anducleus alone and hence the nuclear size. Results so far in-
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clude the detection of thermal infrared emission from the2000h. Landsman also continued his work with J. Goebel
nuclei of comets C/Hyakutake 1996 B1, 2P/Encke 1997(NASA’'s Ames analyzing ISO spectra of oxygen-rich AGB
55P/Tempel-Tuttle, 9P/Tempel 1 and C/LINEAR 1999 S4stars.

(Fernandez et al. 1999the probable detection of infrared D. Massa(RITSS continued his work on hot stars and
emission from the nucleus of comet C/Hale-Bo@ernan-  their winds with A. Fullerton(JHU) and theFUSE Science
dezet al. 2000, and an analysis of the comets detected byteam. In Bianchkt al. (2000, they analyze and contrast the
COBEas compared to the IRAS comet databdsese et al.  wind lines of two O7 supergiants — one in the LMC and one
2000. We have demonstrated the unusual nature of comeh the SMC(Sk —67°111 and AV 232, respectivélyModel
Hyakutake, concerning its anomalously large activity andits to the Siv, Swvi, Piv, Pv, N i, and Niv wind lines
near breakup rotation ratiisse et al. 1999. 40% of our  provide the first direct measurement of the ionization balance
survey comets have Halley-like dust emission, dominated byh O star winds. In Crowtheet al. (2000, they analyze a
small particles easily detected in the optical, while the recombination ofFUSE and HST spectra of Sand 2, an LMC
maining 60% of comets emit the majority of their dust masswo-type WR star. Together with Mount Stromlo 2.3 meter
in large, dark grains. These very large grains are the origin ofptical spectra these data were analyzed using a spherical,

cometary dust trails, and are copious enough to supply thgon-LTE, line-blanketed stellar atmosphere code. Their
interplanetary dust cloud. The two different classes of comstydy revealed exceptional stellar parameterS;;

ets found in our survey are also found in 60 comets reported. 150 000 K, ., =4100 km s, log(L/Le)=5.3, and M
to have been observed in the infrared in the literature. The- 1% 105 Mg yr~1, for a volume filling factor of 10%. In
differences in emission behavior trend with cometary typerjierton et al. (2000, they compared the stellar wind fea-
and age, suggesting evolutionary effects, although definitivg,res in far-uv spectra of Sk67°111, an O7 Iff) star in
determination of this explanation awaits a much larger stagne LMC, with Sk 80, an O7 laf star in the SMC. The most
tistical database. A paper entitled detailing our findings WaStriking differences are that Sk 80 has a substantially lower
presented at IAU 18_1 in Canterbgry,_EngIand in April 2000, terminal velocity, much weaker Ov absorption, and
and has been submitted for publication. stronger Svi emission. They used line-blanketed, hydrody-
C.M. Lisse has been serving on the science staff of théamic, non-LTE atmospheric models to explore the origin of
Deep Impact Discovery mission project. The goal of thisyhese differences. The far-UV spectra require systematically
mission is to impact comet 9P/Tempel 1 with a 500 kg masgoyer stellar temperatures than previous determinations for
of copper at a relative velocity of approximately 10 m's 57 supergiants derived from plane-parallel, hydrostatic mod-

thereby digging a deep crater in the comet which will exposgys of photospheric line profiles. At these temperatures, the O
pristine material. Observations of this crater by a flyby,, in sk —67°111 must be due primarily to shocks in the

spacecraft will allow determination of the sub-surface StruC<ying. Finally, Massaet al. (2000 examined time resolved

ture and composition of the cometary nucleus. Lisse als?—USEspectra for three Magellanic Cloud O stégk 80, Sk
continued his work year modeling the expected impactor tar- s7o05 and Sk—67°111). Their observations re\’/ealed

geting sensitivity of comets, given that the n.ucle-us of theing variability in all of the program stars and distinctive
gome_t IS embﬁddeﬂ |fn a bh”ght dust/gas c((j)r?la,bestlmatlng th&fferences in the ionization structure and timescales of the
ust Impact hazard for the impactor and flyby Spacecr""ﬂvariabiIity. Sk—67°111 demonstrated significant wind vari-

allowing de§|gn a”“.' |mplementat|.on of the Spa‘?ecrf”‘ft ACsability on a timescale less than 10 hr, and the coolest O star
and protective “Whipple” dust shield; and contributions at had the largest variations in @

the DI Cratering WorkshogFeb 2000 to the initial draft of D. Massa and E.L. Fitzpatrick. Villanova) described a

the MSSR._Current work includes the photometric reductlor}1eW approach to fitting the UV-to-optical spectra of B stars
and analy5|s of measurements of the dust_ anc_j nucleus of tl?g model atmospheres and presented initial res(Hisz-
comet using the Keck/LWS camera combination. patrick & Massa 1999a Using lightly reddened stars, they
demonstrate that excellent fits can be obtained to combined
low-dispersion UV and optical photometry as long as the
3.5 Stars and Stellar Clusters following they used: Lan extended grid of model&) reca-
libratedlUE NEWSIPS data; Band all of the model param-

W. LandsmanRITSS continued his study of hot stars in eters and the effects of interstellar extinction were solved for
globular clusters. Together with S. MoehiBamberg and  simultaneously. In that case, the temperatures, gravities,
B. Dorman(RITSS he analyzed optical spectroscopy of hot abundances, and microturbulence velocities of BO-A0 V
stars in the globular clusters 47 Tuc and NGC 3Behler  stars were determined to high precision. They also showed
et al. 20003, and concluded that clusters with primarily red the same procedures can be used to fit the energy distribu-
horizontal branches can still contain genuine hot horizontations of reddened stars and that UV extinction curves can be
branch stars. In collaboration with Moehler and U. Hebersimultaneously derived. They verified their approach through
(Bamberg and A. Sweigart(STSc), Landsman continued comparisons with angular diameter measurements and the
his study of radiative levitation in hot horizontal branch starsparameters derived for an eclipsing B-star binary. We also
in the globular cluster NGC 6752. They conclude that radiafound that a near zero microturbulence velocity provides the
tive levitation of iron can explain most — but not all - of the best fit to all but the hottest or most luminous stavbere it
long-standing discrepancy between theoretical and observeday becomes a surrogate for atmospheric expansidrey
gravities in hot horizontal branch stardoehler etal.  have applied the same approach to the A steitzpatrick &
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Massa 1999band to the analysis of an eclipsing binary in 3.7 Galaxies and Extragalactic Astronomy
the LMC (Fitzpatricket al. 2000. In the this case, the analy-

. . . . . K. Borne (RITSS and his colleagues continued their
sis provides a precise means of measuring the distance to the . .
LMg P 9 studies of Ultra-Luminous Infrared Galaxi¢’LIRGS). In

the past year, they have expanded their studies beyond the
HST imaging surveys to include multi-fiber integral-field
spectroscopy for several ULIRGs in their imaging sample. In
each case, unusual spectroscopic properties were seen, par-
ticularly in off-nuclear regions. L. ColinCSIC-UC, Spaih

S. Arribas(now at STSc), and Borne published the results
for 3 ULIRGsS this past year. In every case, they found mul-
tiple line emission sources, frequently in regions detached
from the cores of the galaxies or from any other region that is
)Juminous in continuum light. These line-emitting regions
have spectral characteristics of Hregions, LINERS, or
AGN. In some cases, these line-emitting clouds may be sim-
ply reflecting the emission from a dust-obscured nuclear

J.M. Davila(GSFQ on the study of winds from luminous source. In the case of Mrk 273, they found a LINER nucleus

- : d an extended off-nucleus Seyfert 2 nebula. In the case of
late-type stars. The team adapted the two-dimensional MHE" -
solar wind code to study these winds. They found that AI_IRAS 12112+0305, they found that the observed ionized gas

fvén waves can generate both the slow and rarefied, and tﬁjé'stribution is decoupled from the stellar main body of the

fast and dense winds observed in cool supergiant stars. galaxy, with the dominant continuum and emission-line re-
gions separated by projected distances of up to 7.5 kpc. The

two optical nuclei are detected as faint emission-line regions,

and their optical properties are consistent with being dust-
3.6 Nebulae, Interstellar Medium and Galactic Structure  enshrouded weak OLINERs. In the case of IRAS 08572

+3915, they found no evidence for a LINER or Seyfert-like

D. Fixsen(RITSS, C.L. BennettGSFQ and J.C. Mather nucleus in either of the galaxies, contrary to previous claims.
(GSFQ analyzed theCOBE Far Infrared Absolute Spectro- This is unusual for a warm ULIRG such as IRAS 08572
photometefFIRAS) observations over the wavelength range +3915. Tidal-induced star-forming knots, approximately
from 100 um to 1 cm covering 99% of the sky. Using an 7kpc from the nuclei and along the tidal tails, are traced by
improved FIRAS calibration, they improved the signal-to- the presence of brigh 111 ] emission.
noise ratio of the spectral lines by a factor of 2 over previous Borne, H. BushousgSTSc), Colina, and R. Lucas
results. They observed the CO chain frdm1—-0 to J=8 (STSc) also completed several papers on th¢8Timaging
—7 toward the Galactic center. The line ratios were roughlysurvey. One of the major results was the discovery that at
consistent with a 40 K excitation temperature. The 15/M7  least 20%(and probably much moyeof the ULIRGs show
C 1 and 205.3um N 1 lines were seen over most of the sky. evidence for multiple(two or more merger events. These
The 370.4 and 609.4m lines of Ci and the 121.9«m line  ULIRGs may be dynamical descendents of compact groups
of N 11 were observed in the Galactic plane. The line ratios abf galaxies. Borne, Bushouse, Colina, and Lucas also ana-
the Galactic center are consistent with a densitymgf30 lyzed the morphological characteristics of their ULIRG
cm 2 and a UV flux of G~15uW m 2 sr 1. The 269um  sample to deduce that nearly 99% of all ULIRGs show signs
H,O line is observed toward the Galactic center in absorpof tidal interaction or recent merger activity. This result was
tion. based on more than 120 ULIRGs, by far the largest sample
T. Danks and G. Vieira and W. Landsmé&all RITSS studied to date, to address this interaction frequency ques-

collaborated with N. Walborn(STSc) to use HST STIS  tion. In the past, many values for the interaction rate of UL-
spectroscopy to study temporal changes in interstellar lineBRGs have been published, ranging from 30% to 100%, but
observed toward the Carina nebula. These observation®ne of those results were based on a sample of this size and
(Danks et al. 2000 are among the first to show temporal quality. High HSTimaging resolution images were required
variations in a dominant interstellar ion. Dan&anks 2000  to identify close companions, short tidal tails, and other in-
also analyzed observations of the Vela SNR in the ISM speteraction signatures that were previously undetectable in
cies Call and Nal. These data were presented and discussedround-based imaging.
in the context of the “break-down” of the Spitzer-Routly Borne and D. PattoU. Torontg worked on a newHST
effect. Variations in the line profiles with time are demon-imaging survey of moderate-redshift galaxy pairs that have
strated, and eventually a through statistical approach and déeen selected on the basis of close proximity in space and
scription of cloud structure will be possible. The interstellarredshift. These “kinematic pairs” are therefore nearly cer-
lines in approximately 70 sightlines are used to determine atain to be physical pairs. ThelitSTimages are being used to
accurate distance to the Vela SNR of 2580 pc. Finally a  estimate the more general galaxy interaction rate at interme-
discussion of future observations was given relating informasiate redshifts £=0.1—-0.5). In many cases, strong signs of
tion obtained from measurements of near-by interstellar meinteraction and morphological disturbances have been noted
dium to the more distant intergalactic medium. in the HST images. Detailed comparisons between these

Massa also continued his work on Cepheids with N.
Evans(CfA). Most recently, they used new velocities of the
long-period Cepheid T Mon from the ground and velocities
of its hot companion obtained with thdST and IUE to
determine a preliminary orbit and derive the orbital param
eters of the system and their uncertaintigvans et al.
1999. The velocities for the companion appear to be incon
sistent with binary orbital motion, and it is likely that the
companion is itself a binary in a short-period orbit. TH8T
spectrum of the companion shows that it is a chemicall
peculiar star, probably magnetic.

L. Ofman (RITSS collaborated with V.S. Airapetian
(CSO, R.D. RobinsonCUA), K.G. CarpentefGSFQ, and
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high-quality single-passbarittband HSTimages and multi- 2MASS data, probing the structure of the CIB on smaller
color ground-based images are now underway, which willangular scales. A related activity is the review on the CIB A.
provide some insight into tidally induced star formation in Kashlinsky is writing for Physics Reports.

such pairs at intermediate redshifts and which will be appli- Kashlinsky collaborated with F. Atrio-Baranddld. Sala-
cable to interpretations of the Butcher-Oemler effect in clusimanca, Spainto develop a new method for measuring cos-
ters of galaxies at similar redshifts. mological bulk flows via the the kinematic Sunyaev-

M. Freed (RITSS began work with a group led by S. Zeldovich effect. This will done by combining X-ray data on
Heap(GSFQ in quantifying the UV morphology of galaxies clusters of galaxies with the upcoming maps of the cosmic
at z~0.1-0.22. STIS data were used to obtain FUV andmicrowave background radiatiofCMB). The results are
optical imagery of the 56 galaxies, from 13 different groups.very promising: cosmological bulk flows of the magnitude
The ability of several morphological parameters to distin-which has recently been measured would be detected very
guish between different types of galaxies was investigatedaccurately by this method from the upcomingAP and
These parameters were then used to compare the FUV amdanckdata.
optical morphologies of each galaxy. Dale Fixsen(RITSS and the MSAM collaboration ob-

R. Hill, E. Malumuth, N. Collins(all RITSS and H. tained new cosmic microwave backgrout@MB) anisot-
Teplitz (NOAO and GSFCauthored a paper on galaxy pho- ropy results from the combined analysis of three flights of
tometric redshifts and correlation functions in a 0.6 squaréghe Medium Scale Anisotropy Measureme(fVISAM1)
degree field surrounding the HDF South, as observed witlbhalloon-borne bolometric instrument. They measured about
the Big Throughput Camera at CTIO. 10 ded of sky at half-degree resolution in four frequency

E. Malumuth, B. Hill (both RITSS, J. Gardne(GSFQ, bands from 5.2 to 20 cm' with a high signal-to-noise ratio.

E. Smith(GSFQ, and S. HeapgGSFQ have been investigat- They presented an overview of their analysis methods, and
ing the Far-UV morphological and spectral energy distribu-derived new constraints on the CMB power specti¥iil-

tion properties of galaxies in 3C groups of galaxies at redson et al, 2000

shifts of about 0.1-0.2. Over 50 galaxies in 20 fields have

been observed with the STIS FUV-mama and CCD. 4. EDUCATION AND PUBLIC OUTREACH

E. Malumuth and others have investigated the utility of Brosius(RITS tored G. | bli hool Sci
using a prism as part of a multi-object spectrograph aboard rosius( S mentore >- 158, @ pUbIic Schoot science
resource teacher from the District of Columbia, during her

NGSTto obtain “phot tric redshifts” of | b f .
0 oblain PROTOMENIC Feshis: Of 'arge NUMuers o ummer 2000 visit to GSFC as part of the SUNBEAMS

galaxies. The low resolution prism out performs a series of . . . .
filters and a camera for the same purpose in almost all cirtStudents United with NASA Becoming Enthusiastic About

cumstances. Malumuth was also involved in a study to in-Malth and Sciengeprogram. He helped develop lesson plans,

vestigate the spatial distribution of galaxies in a wide fie|gParticipated in Parents’ Night activities, and interacted with

centered on the Hubble Deep Field South field. They use?él;gﬁgi aﬂgnﬁsﬁsgg'si%also spoke with several groups of
multi-band photometry to estimate the redshift of about i ' . .
U b y I ! " During 2000, S. Odenwal(RITSS has been actively in-

20000 galaxies and compared the spatial distribution in dif- 4 .
ferent redshift bands to models of the distribution. volved with thelMAGE satellite program. ThéMAGE sat-

E. Shaya continued his research collaboration with P.J. lite launched on March 25 from Vandenberg Air Force

PeeblesPrinceton and R.B. Tully (U. Hawaii to develop ase. He has presented teacher training workshops on mag-

numerical action methods to calculate the trajectories anEf(':‘tOSpherIC research at the National Science Teacher Con-

masses of nearby galaxies from their positions and peculia\fentlon and the National Council of Teachers of Mathemat-

velocities. This technique has consistently given values OE
the matter density of);~0.2, for more than a decade. The
group recently invented and began to use a new techniq
that simultaneously accounts for both the redshift and dis
tance uncertainties in the orbit calculations.

s convention. He continues to manage the Education and
ublic Outreach program of theMAGE mission. He has
eveloped new education products for the NASA, Sun-Earth
Connection Education Forum including a lithograph set de-
tailing the basic science, and various web site products for
SECEF. Dr. Odenwald was awarded the AAS/Solar Physics
Division “Popular Science Writing Award” for his Wash-
3.8 Cosmology ington Post article on Space Weather. His book “The 23-rd
Cycle: Learning to live with a stormy star” will be published
A. Kashlinsky and S. Odenwal@oth RITSS completed by Columbia University Press in December, and featured at
their earlier work in collaboration with J. Math€6SFQ on  the American Geophysical Union’s Fall convention in San
the analysis of COBE DIRBE IR sky maps. They discoveredFrancisco on December 16. His Previous book, “The As-
fluctuations in the cosmic infrared backgrouf@B) which  tronomy Cafe” has been translated into Japanese and is now
not only confirms the existence of structure in the CIB, butavailable. Meanwhile, his web site
implies that such a background exists. The work resulted in www.theastronomycafe.net
detections of the CIB anisotropies between 1 andnd and  continues to attract over 200,000 visitors per year. Dr. Oden-
in significant upper limits between 10 and 102én (Kashlin-  wald is currently completing the manuscript for a new book
sky & Odenwald 200D “Patterns in the Void: Why nothing is important” which
Kashlinsky continued this line of work in collaboration will be published in early 2002. He continues to be a speaker
with Odenwald, J. Mather and M. Skrutskjg. Mass) with  with the Shapley Lecture Series.
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