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This report covers the period from July 1, 1998 to June 30Snowden, Yang Soong, Martin Still, Steve Sturner, Toshiaki
1999. Takeshima, Ken Watanabe, Laura Whitlock, and Tahir
Yaqoob.
The following investigators are University of Maryland

This Laboratory’s scientific research is directed towardScientists: Drs. Keith Arnaud, Damian Audley, Manuel Bau-
experimental and theoretical research in the areas of X-rayista, Wan Chen, Edward Colbert, Fred Finkbeiner, Keith
gamma-ray, and cosmic-ray astrophysics. The range of intetsendreau, Una Hwang, Michael Loewenstein, Greg Made-
ests of the scientists includes the Sun and the solar systengki, Chee Ng, Andrew Peele, lan Richardson, David Smith,
stellar objects, binary systems, neutron stars, black holes, th@ichael Stark, Jane TurnéMBC), and Azita Valinia.
interstellar medium, normal and active galaxies, galaxy clus- Visiting scientists from other institutions: Drs. Vadim
ters, cosmic ray particles, gravitational wave astrophysicsarefiev (IKI), Hilary Cane(U. Tasmaniy Peter Gonthier
and the extragalactic background radiation. Scientists angHope Collegg, Thomas HamgU. Seigen, Donald Kniffen
engineers in the Laboratory also serve the scientific commuHampden-Sydney Collegje Benzion Kozlovsky (U. Tel
nity, including project support such as acting as project sciaviv), Hideyo KuniedaNagoya U), Eugene LoHU. Utah),
entists and providing technical assistance to various spaq@asaki Mori (Miyagi U.), Robert Nemiroff (Mich. Tech.
missions. Also at any one time, there are typically betweeny ), Hagai Netzer(U. Tel Aviv), Yasushi Ogasak&ISP$,
twelve and eighteen graduate students involved in Ph.D. rg-ey Titarchuk(George Mason U, Alan Tylka (NRL), Rob-

search work in this Laboratory. Currently these are graduatert Warwick (U. Leicestey and Andrzej ZdziarskiCoperni-
students from Catholic U., Stanford U., and the U. of Mary-cus Astr. Cen.

land. Graduate Students doing their thesis research in this
Laboratory are: from the U. of Maryland, Wayne Baumgart-
1. PERSONNEL ner, Frederick Berendse, Jennifer Catelli, Warren Focke,

Dr. Jonathan F. Ormes is the Chief of the Laboratory foroVen Geier, Donald Horner, Alaa Ibrahim, Safraz Ishmael,
High Energy Astrophysics. Dr. Neil Gehrels is Head of the KIP Kuntz, Peter Kurczynski, Barbara Mattson, Jason Tay-
Gamma Ray & Cosmic Ray Astrophysics Branch and prlor, and Dusan Turcan; frpm_ Catholic UI.,.CharIes Hall; and
Nicholas White is Head of the X-Ray Astrophysics Branch. from Stanford U., Enectali Figueroa-Feliciano.

The civil service scientific staff includes: Drs. Louis Bar-
bier, David Bertsch, Elihu Boldt, Kevin Boyce, Thomas 2. RESEARCH PROGRAMS
Cline, Alice Harding, Robert Hartman, Stanley Hunter, Keith
Jahoda, Frank Jones, Timothy Kallman, Demosthenes Kaz—'1 Sun and Solar System
zanas, Richard Kelley, Frank Marshall, John Mitchell, Rich- Drs. Mandzhavidze and Ramaty, in collaboration with
ard Mushotzky, Jay Norris, Ann Parsons, William Pence,Prof. B. Kozlovsky(Tel Aviv U.), investigated solar abun-
Robert Petre, F. Scott Porter, Reuven Ramaty, Donaldances using gamma ray spectroscopy. They showed that
Reames, Steven Ritz, Peter Serlemitsos, Caroline Stahlthere is evidence for the existence of chromospheric regions
Floyd Stecker, Robert Streitmatter, Tod Strohmayer, Jeawith enhanced He abundance, by as much as a factor of 2
Swank, Andrew Szymkowiak, Bonnard Teegarden, Davidover the photospheric value. The origin of this phenomenon,
Thompson, Jack Tueller, Tycho von Rosenvinge, Kimwhich has also been seen in solar wind data, is not well
Weaver, and William Zhang. understood. They also showed that there is evidence in the

The following scientists are National Research Councilgamma ray data for accelerated He-3 enhancements, a phe-
Associates: Drs. Bram Boroson, Andrew Chen, Philipnomenon that is characteristic of stochastic acceleration in
Deines-Jones, Pranab Ghosh, Taro Kotani, Gabriela Maranimpulsive flares. The gamma ray data thus complements the
Craig Markwardt, Sandor Molnar, Sergei Nayakshin, Danielsolar energetic particle data, which routinely shows the He-3
Proga, Brigitte Ragot, Samar Safi-Harb, Sean Scully, Yuichenhancements associated with impulsive flares.

Terashima, and Bing Zhang. Drs. Cane and Richardson have used observations from

The following researchers are University Space Researcthe Goddard particle detectors on IMP 8 to investigate near-
Association Scientists: Drs. Glenn Allen, Lorella Angelini, Earth interplanetary disturbances and the associated solar
Matthew Baring, Scott Barthelmy, Kevin Blag6AC), Jerry  events in January-May, 1997. All five energetic particle en-
Bonnell, Patricia Boyd, William Bridgman, John Cannizzo, hancements during this period followed halo CMEs observed
Kai-Wing Chan, Eric Christian, Robin Corbet, Michael Cor- by the SOHO LASCO coronagraph. The otherl20 CMEs
coran, Seth Digel, Joseph Dodoo, Stephen Drake, Ken Ebbbserved were not associated with particle events at Earth.
sawa, lan George, Michael Harris, John Krizmanic, Jame3he particle events exceeding 10 MeV were accompanied by
Lochner, Daryl Macomb, Natalie Mandzhavidze, ThomasX-ray andHa« flares, and metric type II/IV radio emission.
McGlynn, Alex Moiseev, Koji Mukai, Kirpal Nandra, David Around 80% of the Earthward-directed halo CMEs during
Palmer, Sangwook Park, Chris Shrader, Alan Smale, Stevethis period produced cosmic ray density depressions at Earth
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3-4 days later as CME-associated material passed Earth. Ditars are either requirg®’Y Gem) or preferred(Gliese 890
Cane, Richardson and von Rosenvinge noted 453 day and HD 19789D to be lower than their canonical solar
periodicity in the interplanetary magnetic field intensity dur- photospheric values. A comparison of these inferred coronal
ing 1978-1982 which is related to the similar periodicity iron abundances with those of other late-type dwarfs shows
found in solar flare, sunspots and solar energetic particléhat all such stars having X-ray luminosities in excess of
events. This periodicity is not present at other times betweef.02% of their bolometric luminosities have subsolar abun-
1963 and 1997, suggesting that it is not indicative of a soladances. Drake and White with Drs. R. Mewe and J. Kaas-
“clock” mechanism. tra (SRON), C. Schrijver (SLISR), J. Drake (SAO), M.

Drs. Cane, Richardson, and von Rosenvinge have re-Guedel (PSl), J. Schmitt(MPE), and Singh analyzed the
examined the cause of medium~ 1 yea) and long-term  ASCA spectrum of the corona of the nearby G2K1V vi-
(22-yeaj galactic cosmic ray density modulations in the he-sual binary system Alpha Centauri. The coronal plasma as
liosphere and find that variations in the cosmic ray densityseen by ASCA is basically isotherm@T=0.3 keV), while
measured by neutron monitors over a 22-year period arthe coronal abundances appear to be roughly solar, except for
tracked by the inverted profile of the interplanetary magnetioxygen (1/3 solaj and magnesiung4x sola). Comparison
field. These variations in the field strength originate in thewith previous X-ray observations indicates that the X-ray
solar magnetic field, as indicated by the open magnetic fluxemission from Alpha Cen is variable on a time scale of years.
calculated from photospheric observations, and propagate Dr. Drake with Drs. S. RandicliArcetri Astrophysical
away from the Sun throughout the heliosphere at the solabbs), T. Simon(U. Hawaii), Singh, and Schmitt studied the
wind speed. They are not related to variations in the rate oK-ray emitting properties of the intermediate-age open clus-
coronal mass ejection€CMEs). Medium/long-term cosmic ter IC 4756 with a deep observation made with the ROSAT
ray modulation is apparently caused by diffusive barriersHRI. They found that, like the similar aged cluster Praesepe,
formed by enhancements in the solar global magnetic fieldhe stars in IC 4756 seem to be significantly less X-ray lu-
which surround the Sun and move outward from the Sunminous than the Hyades, the prototypical intermediate-age
This is contrary to the currently accepted paradigm in whichopen cluster. Furthermore, IC 4756 appears to be deficient in
the diffusive barriers causing modulation are formed insteadrery active binary systems compared to both of these other
by the merging of multiple CME structures in the outer he-clusters. Both of these findings suggest that age is not the
liosphere (so-called “global merged interaction regions,” only factor determining X-ray emission levels in open clus-
GMIRS). ters.

Drs. Cane, Richardson, and von Rosenvinge have also
pointed out a~ 153 day periodicity in the solar wind mag- 2.3 Pulsars

tic field in 1978-82 iated with th iousl ted
newe e in associated i © previously repor’e Dr. Arnaud with the late Dr. J. Wan@J. Maryland and

similar periodicity in energetic solar events such as H-alph . . .
gamma ray, and microwave flares, sunspots, and energe gs: B. Lmk(Montf'ana State U, K. Van_ Riper(White Rock
particle events. This periodicity was not caused by field com- cience, _and J- Mwal!es(u. de Valencij analyzed ROSAT
pressions associated with CMEs, but was present in th bservations of the |soI§ted neutron star RXJ0720.4-3125.
background field. Again, this is indicative of a close relation- he_data are be?'t explained py a model for the source as a
ship between the evolving solar magnetic field, changes irqoolm_g—dnven, hlghly magnetized, neutron_ star with a stiff
solar activity levels, and interplanetary phenomena. ggratlon of state. Direct quark URCA cooling can be ruled
Dr. Park with Dr. J. FinleyPurdug has worked on RXTE
observations as part of the multiwavelengh study of PSR
Drs. Corcoran, Swank, Petre, and Drake with Mr. K. Ish-0540-69. This was the first-ever simultaneous observations
ibashi (U. Minnesota and Drs . K. Davidson(U. Minne-  of PSR 0540-69 in the X-ray and optical bandpasses.
sotg, A. Damineli (U. Sao Paulp and S. Whiteg(U. Mary- Drs. Strohmayer and Nath are pursuing theoretical studies
land) are continuing their monitoring of the X-ray variations to interpret oscillations in bursts from 4U 1636-53 and derive
from the extremely massive star Eta Carinae using RXTEmass-radius constraints. Rotational modulation and the am-
ASCA and ROSAT. The most recent RXTE data show thatplitude of an oscillation is rather strongly dependent on the
the X- ray emission has almost completely recovered fronratio of the neutron star mass to its radius, the compactness.
the “low state,” and that the flare period has apparentlyThis results from the strong dependence of general relativis-
increased. In addition, comparison of the ASCA spectruntic light deflection on the stellar compactness.
with one taken at nearly the same phase in the previous cycle Dr. Strohnmayer with Drs. A.B. Giles and K. HilU. Tas-
suggests that the 2-10 keV X-ray flux has undergone a longmanig and S. Wachte(CTIO) is coordinating an X-ray and
term brightening of about 10% that is independent of theoptical observing campaign of the low mass X-ray binary
5.5-year cycle identified by Damineli. (LMXB) 4U 1636-53 in order to determine whether or not
Drs. Drake and White with Drs. E. GotthelColumbia the oscillation frequencies observed in many different bursts
U.) and K.P. Singh(TIFR) continued their research on the can be used to constrain the orbital parameters, and thus the
coronal X-ray emission emitted by late-type stars with amass function of the binary. X-ray observations with RXTE
study of the ASCA X-ray spectra of 3 rapidly-rotating, K/M combined with optical photometry and spectroscopy allow
dwarf stars, YY Gem, Gliese 890 and HD 197890. Thisfor the determination of oscillation frequencies as well as the
study demonstrated that coronal metal abundances in thesebital phase during bursts.

2.2 Stars
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Drs. Lochner, Corbet, Marshall, and Whitlock continued Drs. Markwardt and Swank with H. Le@Northwestern
monitoring observations of 4 transient X-ray pulsars discov-U.) have studied the energy- dependent lags in the kilohertz
ered by RXTE in the Small Magellanic Cloud from 1997 quasiperiodic oscillations of four galactic low mass X-ray
November to 1998 February. Pulse periods range from 46 thinaries. Using data from RXTE observations of 4U 1608-
169 seconds, and recurrences of the outbursts suggest p&2, 4U 1636-536, 4U 1702-429 and 4U 1728-34, they have
sible periods ranging from 60 to 140 days. These systems aghown that soft X-ray photons lag the hard in the lower ki-
confirmed or likely associated with Be systems, adding dohertz QPO peaks. However, conventional wisdom holds
substantial knowledge to such systems in the SMC. Monitorthat, due to Comptonization, hard X-ray photons should lag
ing of this region with RXTE is ongoing. the soft. Thus, this observational result challenges the theory

Drs. Ghosh and Angelini with Dr. S. PravddPL) have  that the neutron star in LMXB systems is surrounded by a
presented results of X-ray observations of the accretionhot Comptonizing corona.
powered pulsar GX 301-2 with instruments aboard ASCA prs. White and Ghosh showed that the recent discovery
and RXTE, supplemented by analysis of archival data fronhat star formation is an order of magnitude more active at
BATSE/CGRO. They discussed whether GX 301-2 hasedshift 1-3 has implications for the evolution of X-ray bina-
changed its spin state, entering a stochastic phase similar fs. In particular, long lived objects such as low mass X-ray
that in the 1974-1984 epoch, coincident with a 25% increas@jnaries(LMXRB ) will stay active long after the star forma-
in overall luminosity. They constructed a model for the 41.5tion rate has declined. This will cause an excess of LMXRB
day orbital light curve of this source with its pre- periastron ot jow redshift, and their descendants the milli-second radio
and near-apastron flares, wherein the flares are caused Bldlsars; providing an explanation for the long standing dis-

acquisition of accretion disks by the neutron star during its;repancy in the relative population of LMXRB and milli-
passages through a tilted disk around its massive companiQ@cond pulsars.

WRA 977. Further, they have reported detection of cyclotron p, Ghosh is exploring the role of quasiperiodic oscilla-

features which imply magnetic fields 9 x 10" G on the  ions (QPO in low-mass X-ray binarieéLMXB) as probes
neutron-star surface. _ _ _ of relativistic effects near neutron stars. Both the “kilo-
Dr. Thompson, in collaboration with a group of radio, yert;” and the low-frequency QPOs appear to originate in
X-ray, and gamma-ray astronomers, completed a multiwavérggions where general relativity has significant effects on the
length summary of the properties of PSR B1055-52 indicatyccretion flow: the observed correlation between these two
ing pulses whose shape and phase vary dramatically acrogsps s thus a valuable probe of relativistic effects, as well
the electromagnetic spectrum. as a discriminator between possible QPO models. He has
. shown that the similarity between the atoll- and Z-type
2.4 Galactic Binaries LMXBs in QPO-QPO correlations, despite their other major

Dr. Mukai has embarked on a systematic study of thedifferences, is a possible signature of an essential general-
ASCA spectra of non-magnetic cataclysmic variables. Heelativistic feature of the dynamics of accretion disks near
finds a wide range of strengths of the Fe L emission lingheutron stars.
complex around 1 keV: in some systems, the complex domi- Drs. Ghosh, Markwardt and Swank with Dr. G. Sobczak
nates the ASCA spectra, and in others it is undetectable. Thiglarvard U) have shown that power-spectral densitieSD)
cannot be explained by abundance anomalies in generdf Comptonizing accretion disk corong&DC) are expected
since the Fe L complex is not correlated with the Fe K emis10 have flat “shelves” at low frequencies, followed by roll
sion lines. offs to higher frequencies: they have suggested that such

Drs. Markwardt and Swank with Dr. R. TaafNorth-  features are generic signatures of ADC in galactic black-hole
western U} studied correlations between the energy speccandidates. They have further shown that quasiperiodic os-
trum and the Fourier power spectrum of the galactic micro<illations (QPO can occur near the PSD break frequency, as
quasar GRS 1915105. Using data from RXTE, they found observed, due to feedback coupling between the accretion
it cycles through at least three distinct spectral/variabilitydisk and the corona.
states, sometimes on time scales as short as a few minutes. InDr. Still with Mr. K. O’Brien and Dr. K. Horne(St An-
the spectrally hard state, a variable-frequency quasiperiodidrews and Mr. R. HynegSussex have developed a tech-
oscillation is present in the 1-15 Hz range. The frequency ohique for indirectly mapping accretion disks around neutron
the QPO appears to be regulated by the X-ray luminosity ostars and black holes using light-travel delays of reprocessed
the accretion disk. X-ray flares and pulses.

Drs. Strohmayer, Zhang, Swank, and Markwardt continue Drs. Boroson, Kallman, Still and Bautista with Drs. S.
to investigate with RXTE data the properties of high fre- Vrtilek and J. RaymondCfA) and H. Quaintrel(OU, UK)
guency oscillations in the X-ray brightness during thermo-have detected Doppler-broadened UV accretion disk emis-
nuclear(type I) X-ray bursts from low mass X-ray binaries sion in HST STIS spectra of the X-ray binary Hercules X-1.
(LMXB). Using RXTE data from two bursters, 4U 1728-34  Dr. Still with Mr. T. Ash and Dr. A. Norton(OU, UK),
and 4U 1702-429, they have shown that the oscillation®rs. A. ReynoldESTEQ, P. Roche and L. Morales-Rueda
present in the cooling tails of bursts from these sources aréSussex have redetermined the mass of the X-ray binary
highly phase coherent. They also showed that a simple ex2ygnus X-3 using radial velocity measurements of the sub-
ponential chirp model describes well the time evolution ofgiant companion star.
the oscillation frequency in the cooling tail. Dr. Still with Drs. L. Morales-Rueda and Rocli8ussex
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have detected the optical counterpart of long milli-Hz QPOshe related low frequency features. Thus, results concerning
in the cataclysmic variable GK Persei. They isolated the sigthe relationship of the low-Lorentzian frequency of viscous
nal in Doppler-broadened emission lines to determine thatscillations and the break frequency are presented in the
the events are the result of normal-duration QPOs beatinffamework of a two-oscillator model of kHz QPO'’s viewed
with the spin frequency of the magnetic white dwarf star. as Keplerian oscillations in a rotating frame of reference.
Drs. Focke and Swank have analyzed data from

XTEJ1748-288, a galactic black hole candidate and superl
minal jet source. The source has shown a rich range of b

havior characteristic of galactic black hole transients, includ- Drs. Hwang and Petre with Dr. J. Hugh@Rutgers car-
ing many correlations between spectral and timing behaviofied out a spectral study of the Galactic supernova remnant
Work is in progress with Dr. Titarchuk to interpret these W49B using archival ASCA observations. Their analysis of
properties in the context of hydrodynamic and Comptonizathe emission lines shows that the Si and S emission is spec-
tion models. trally complex, in contrast to emission from other elements,
Drs. Shrader and Titarchuk have begun tests of a newnd that the ejecta are not required to be stratified by element
method for parameter estimation in black-hole binaries baseds previously suggested. Their data also give persuasive evi-
on their high-energy spectra. The methodology is based odence for the first detection of Cr and Mn in X-rays from a
the bulk-motion Comptonization model for black-hole accre-cosmic source.
tion. It has recently been applied to Nova Muscae 1991 and Drs. Safi-Harb, Petre, and Arnaud with Drs. J. Keohane
LMC X-1. In the case of Nova Muscae 1991 the resulting(NCSSM), S. ReynoldNCSU), and Ms. K. Dyer analyzed
mass determination, when compared to estimates based t¢me young radio-bright Galactic SNR, G41.1-Q3X397, in
dynamical studies, argues for a revision of some source disrder to improve our understanding of the X-ray emission
tance estimates. This technique is complementary to mongrocesses in Composite-type supernova remnébieRs.
common methods based on optical spectroscopy, which arehe ASCA spectrum is best described by a two-component
often hampered by obscuration by dust and/or the limitechon-equilibrium ionization thermal model, suggesting that
brightness contrast between the accretion disk and the sethe remnant is younga few 1,000 years ojd A broadband
ondary. imaging and spectral study of this remnant with ROSAT,
Dr. Boroson has been studying X-ray binari@ghere a ASCA, and RXTE suggests that a compact object might be
neutron star or black hole gravitationally captures gas from douried under the thermal emission from the SNR; and that
normal companion stgrHis main interest has been under- 3C397 is perhaps a transition object from the young Shells
standing the mass transfer between the stars, and the ouferg., Tycho, Cas Ainto the more evolved Composités.g,
structure of the accretion disk that forms. For LMC X-4, in Vela).
which a neutron star accretes from a star with a strong stellar
wind, he demonstrated techniques that can infer the velocit% 6 Cosmic Ravs
field of the wind, and found evidence for a more massive™ y

wind than previous observations showed. He is comparing pr, Streitmatter leads the High Energy Cosmic Ray
more recent data on this star system with computer simulagHECR) research grougDrs. Barbier, Christian, Krizmanic,
tions of the flow of the stellar wind. For Hercules X-1, in mitchell, Moiseev, Ormes, and graduate student Mr. Geier
which stellar winds are not expected to be as important, héh pursuing a broad-based investigative program seeking to
found conflicting evidence on whether the disk shape is symunravel the processes of galactic cosmic ray propagation and
metric or warped from the shape of the emission lines angcceleration, as well as characterizing the cosmic ray sources
from the eclipse of the system. supernovae and supernovagemselves.
remnants. The HECR group is a member of the WiZzard/CAPRICE
Drs. Titarchuk and V. Osherovidi€Code 690.2have pre-  collaboration, which is headed by Dr. S. Stochaj at New
sented a dimensional analysis of two characteristic timéviexico State University and is carrying out a program of
scales in the boundary layer where the disk adjusts to thgheasuring antimatter fluxes and limits in the 0.1 - 40 GeV
rotating neutron staiNS). The boundary layer is treated as a range and measurements of atmospheric muon fluxes.
transition region between the NS surface and the first Keple- Drs. Ormes, Mitchell, Moiseev, and Streitmatter partici-
rian orbit. The radial transport of the angular momentum inpate in the Balloon-Borne Experiment with Superconducting
this layer is controlled by a viscous force defined by theSolenoid(BESS collaboration led by a group of Japanese
Reynolds number, which in turn is related to the mass accreinvestigatorgDr. S. Oritoet al). This instrument has made
tion rate. They show that the observed low-Lorentzian frefive flights measuring antiproton fluxes and antihelium flux
guency is associated with radial oscillations in the boundaryimits at low energies. The recently published results from
layer, where the observed break frequency is determined bis work have improved the limits on the flux ratio of
the characteristic diffusion time of the inward motion of the antihelium/helium & 1 x 10 ®, a factor of 30 better than
matter in the accretion flow. Predictions of their model re-previous limits, and established the low energy=( 300 -
garding relations between those two frequencies and fre3000 Me\) antiproton fluxes with unprecedented precision.
guencies of kHz QPO’s compare favorably with recent ob-More than 450 antiprotons have been clearly identified. The
servations for the source 4U 1728-34. Their work contains dlight during the summer of 1998 was very successful, with
theoretical classification of kHz QPQO’s in NS binaries andan additional 400 antiprotons detected. There are 4 presenta-

22__.5 Supernovae and Supernova Remnants
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tions to be made at the 1999 Salt Lake ICRC on BESS 1998eld. This contrasts with the current paradigm in which the
results. diffusive barriers form by the merging of multiple transient
Dr. Streitmatter and Dr. A. Stepheri$ata Institute of solar wind structures in the outer heliosphdso-called
Fundamental Researchave reviewed computational tech- “global merged interaction regiong:’
nigues used in cosmic ray transport calculations, and put Drs. Richardson, Cane and Wibberenz have noted a 22-
forward a technique for obtaining exact solutions to the leakyear variation in the amplitude of galactic cosmic ray depres-
box model. sions at Earth associated with corotating high-speed solar
The AIP Conference Proceedings for the Workshop orwind streams during the last five solar minima. The modula-
Observing Giant Cosmic Ray Air Showers From10?°eV  tions are~ 50% larger during epochs when the global mag-
from Space(ed. Drs. Krizmanic, Ormes and Streitmajter netic field direction A>0 than when A0. The opposite de-
was published in 1998. pendence on A might be expected in current models in which
Dr. Ramaty, in collaboration with Drs. E. Vangioni-Flam Cosmic rays enter over the poles wher-@, and enter along
and M. Cassdlnstitute d’Astrophysique de Payisnd K. the current sheet, and hence would be more strongly influ-
Olive (U. of Minnesota, co-organized the LiBeB, Cosmic enced by high-speed streams near the ecliptic, whe®.A
Rays and Related X- and Gamma-Rays conference in Paris Drs. Jones and Baring, along with Dr. D. Ellis¢NC
in December 1998. Ramaty also acted as the lead editor citate U}, showed that one could understand the origin of the
the conference Proceedings, which has now appeared as v@nomalous cosmic rays by the acceleration of interstellar
ume 171 of the Astronomical Society of the Pacific Confer-Pick- up ions by the solar wind termination shock. These
ence Series. The unique aspect of this conference was tfck-up ions, observed by the Ulysses spacecraft, are neutral
elaboration of the strong relationship between the origin andnterstellar atoms that enter the heliosphere unhindered by
evolution of the light elements, in particular beryllium, and the solar wind. Subsequently ionized by solar UV or by col-
the origin of the cosmic rays. In collaboration with Drs. R, lisions with solar wind ions, they are then carried by the
Lingenfelter (UCSD) and J. Higdon(Claremont Colleges solar wind to its termination shock where they are acpeler-
Ramaty has further studies the origin of the cosmic raysated to the energies observed in the anomalous cosmic rays.
emphasizing the role of acceleration of metal enriched supertn€ir Monte Carlo calculations of this process showed that,
nova ejecta in the hot phase of the interstellar medium. ~ although pre energization of the ions before reaching the
Drs. F. Stecker and M. Salamdb). Utah have recom- _shock was not ruled out, it was not requwe_d. Jones and Bar-
puted the photodisintegration rate of ultrahigh energy heavjnd &/so published a work with Dr. J. Jokipiu. Arizona
nuclei caused by interactions with both the 3K cosmic backShowing that any plasma simulations that were not fully
ground radiation and the intergalactic radiation field pro_three dimensional had built in constraints that could strongly

duced by stellar processes in galaxies, of which the IR backnfluence the results. A primary result that has appeared in

ground is particularly important. They have performed gthe literature showing that perpendicular shocks could not
ccelerate particles by diffusive shock acceleration was

Monte Carlo calculation using detailed energy dependen‘zf1 ) )
cross sections and threshold energies for nuclides fromiOWn to be foreordained by the use of less that three dimen-

helium-2 through iron-56. They find that nuclei with total sions in the simulation. This work casts serious doubt on the

energies below about 300 EeV have longer propag(:ltioP{"’lIidity of this result.
paths against energy loss than those previously calculated. ,
This result is primarily due to the use of the more realistic?-/ Black Hole Astrophysics

spectral energy distribution of the IR background calculated An accreting black hole is, by definition, characterized by
by Malkan and Stecker in 1998, which agrees with currenthe drain; matter goes in and nothing comes out. As this can
data. The Malkan-Stecker IR background fluxes are roughlynly happen in a black hole, it provides a way to see “a
an order of magnitude lower than fluxes crudely estimated irblack hole,” a unique observational signature. The accretion
the 70s which gave shorter mean free paths for nuclei againgroceeds almost in a free-fall manner close to the black hole
photodisintegration. The longer mean free paths obtained bporizon, where the strong gravitational field dominates the
Stecker and Salamon admit the possibility that the highespressure forces. Drs. P. Laurg@aclay and Titarchuk cal-
energy cosmic rays observed may have started out as heagplate (by using Monte-Carlo simulationghe specific fea-
nuclei. tures of X-ray spectra formed as a result of upscattering of
Drs. Cane, Richardson and von Rosenvinge, in collaborathe soft(disk) photons in the converging inflo@Cl) within
tion with Dr. G. WibberenzU. of Kiel), have investigated about 3 Schwarzschild radii of the black hole. The full rela-
the cause of medium ¢ 1 yeaj and long-term(22-yeay tivistic treatment has been implemented to reproduce these
galactic cosmic ray density modulations in the heliospherespectra. They show that spectra in the soft state of black hole
Cosmic ray density variations measured by neutron monitorsystems(BHS) can be described as the sum of a thermal
over a 22-year period track the inverted profile of the inter-(disk) component and the convolution of some fraction of
planetary magnetic field intensity. The field intensity varia-this component with the Cl upscattering spre@teen’s
tions originate in the solar magnetic field and propagatéunction. The latter boosted photon component is seen as an
away from the Sun at the solar wind speed. This suggestsxtended power-law at energies much higher than the char-
that medium/long-term cosmic ray modulations are causedcteristic energy of the soft photons.
by expanding diffusive barriers, which surround the Sun and Drs. K. Borozdin(Los Alamos, M. Revnivtsev, S. Tru-
are formed by enhancements in the solar global magnetidolyubov (IKI Moscow), Shrader and Titarchuk have ad-
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vanced their analysis of the high-energy radiation from blackackground, concluding that the emission attributed to the
hole (BH) transients, using archival data obtained primarilygalactic halo is composed of two thermal components. Using
with the Rossi X-ray Timing Explore(RXTE), and a com- this spectrum, Mr. Kuntz is continuing his study of X-ray
prehensive test of the bulk motion Comptonizati@MC) absorption by molecular clouds as a method to determine
model for the high-soft state continuum. The emergent spedheir masses.
tra of over 30 separate measurements of GRO J1655-40, Dr. Park used an ASCA observation for a spectral analy-
GRS 1915-105, GRS 1739-278, 4U 1630-47 XTE J1755- sis of the Galactic diffuse X-ray background. In the 0.5-2.0
32, and EXO~ 1846-031 X-ray sources are successfully fit- keV band the emission appears to originate from an “inter-
ted by the BMC model, which has been derived from basianediate” component of- 1 keV plasma which is distributed
physical principles in previous work. This in turn provides 1-3 kpc from the Sun in the Galactic plane. The 2-10 keV
direct physical insight into the innermost observable regiongmission is likely associated with a 3-5 keV plasma which is
where matter impinging upon the event horizon can effecdistributed throughout the plane.
tively be directly viewed. The Bulk-Motion Comptonization Dr. Park with Dr. Y.-H. Chu (U. lllinois Urbana-
(BMC) model is characterized by three parameters: the diskChampaigh carried out optical absorption line observations
color temperature, a geometric factor related to the illuminato support the study of an X-ray shadow detected at8}58.
tion of the black hole(BH) site by the disk and a spectral These observations will help determine the distance scale to
index related to the efficiency of the bulk motion upscatter-the molecular cloud that casts the X-ray shadow.
ing. For the case of GRO J1655-40, where there are distance Drs. Markwardt, Swank and Marshall are performing
and mass determinations, a self consistency check of theegular monitoring scans of the galactic bulge region with
BMC model has been made. RXTE. RXTE performs a raster scan of approximately 250°

Dr. Ghosh investigated the viscous stability of thin, twice weekly, continuing at least until the end of 1999. The
Keplerian accretion disks in regions where general relativisgoals are to monitor known persistent sources, search for
tic (GR) effects are essential. For gas pressure dominatetiansient outbursts and new sources, and map the diffuse
(GPD) disks, the Newtonian conclusion that such disks aréhard X-ray emission near the galactic center. They are coor-
viscously stable was reversed by GR modifications in thelinating with Dr. J. in't Zand(SRON, Netherlands who
behaviors of viscous stress and surface density over an aoversees BeppoSAX Wide Field Camera images of the same
nular region not far from the innermost stable orbit. For ra-region. To date approximately forty sources have been de-
diation pressure dominatéBPD) disks, the Newtonian con- tected by RXTE, eight of which were previously unseen.
clusion that they were viscously unstable remained valid
after including GR modifications. 2.10 Gamma Ray Bursts

In collaboration with Dr. R. BlandfordCaltech, Dr. Ge-
hre's pub“shed a paper in Physics Today on b|ack ho'es_ The Drs. Marani, NOI’riS, and Bonne” Continued a CO||abOI’a-
paper discussed the new understanding of galactic and AGHEN with Dr. J. Scargl§NASA/ARC) on Bayesian analysis
black holes that are developing from recent observationdlgorithms designed to fit gamma-ray buf&RB) temporal
across the e|ectr0magnetic Spectrum and described twoﬁles. Drs. NOI’riS, Bonne”, and Watanabe studied the pOS'

progress expected from upcoming instruments. sible connection between GRBs and supernovae, quantifying
the number of GRBs, which resemble the putative associa-

tion of the single-pulsed GRB 980425 with the unusual su-
pernove 1998bw. Drs. Marani, Norris, and Bonnell, with Dr.
Dr. Digel together with Dr. R. MukherjeBarnard Col- K. Hurley (UC Berkeley and Dr. R. Nemiroff(Michigan
lege), Prof. E. Aprile(Columbia U), and Dr. F. Xu(Colum-  Tech U), positing GRBs as gravitational lenses, placed con-
bia U), studied the diffuse gamma-ray emission observed btraints on the fraction of dark matter in compact objects in
EGRET in Orion, which contains the nearest giant moleculathe range of~ 10 6 to 10 solar masses. Drs. Bonnell and
cloud complex and massive star-forming regions. This upNorris showed that the putative no high-energy emission
dated a previous study with significant additional exposuresubset of GRBs can be attributable to brightness bias.
that is now available. Marginally significant point sources Graduate student Jennifer Catelli continues to analyze
detected in the earlier work are no longer seen, although aspectra from the EGRET N4lll) detector for 1-100 MeV
extended, low-significance soft-spectrum excess remaingmission from gamma-ray bursts. Recent detections include
Gamma-ray data and radio surveys were also used to deteBRB 990123, for which simultaneous optical emission was
mine the molecular mass and the high-energy cosmic rageen.

2.8 Interstellar Matter and Molecular Clouds

density in Orion. Drs. Norris, Bonnell and Watanabe searched for a pos-
sible association of single-pulse gamma-ray bursts and Type

2.9 Our Galaxy Ib/c supernovae and concluded that the two phenomena are
not related.

Dr. Snowden and Mr. Kuntz with Drs. M. Freyberg
(MPE) and W. SandergU. Wisconsin have created a cata-
log of 378 shadows in the 1/4 keV diffuse X-ray background
identified in the ROSAT All-Sky Survey data. Drs. Weaver and Yaqoob examined the robustness of the

Mr. Kuntz and Dr. Snowden have completed a study ofevidence for extreme gravitational redshifts for the Fe K al-
the spectral energy distribution of the diffuse soft X-ray pha line profile in MCG-6-30-15. They found that the ASCA

2.11 Active Galaxies
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data do not uniquely support this interpretation, and can b&(0.1-2 ke\j ~ 10*2erg s * and is probably associated with
equally well explained by occultation of the continuum starburst activity in the galaxy.

source and the putative line-emitting accretion disk. This Drs. Turner, Nandra, and George found evidence for
model can also explain the unusually large equivalent widtHrequency-dependent variability in the narrow-line-Seyfert 1
of the line during a deep minimum in source intensity. Thesegalaxy Ton S180. This may indicate that the hard X-rays are
results caution against the overinterpretation of observationgroduced by Compton upscattering of softer photons in a
results that have low statistical significance. region akin to an accretion disk corona.

Dr. Weaver with Dr. C. Reynold$U. Coloradg show Drs. Shrader and Titarchuk are exploring the application
from modeling the Fe K alpha line in the ASCA spectra of of the bulk-motion Comptonization model to a subclass of
four X-ray-bright narrow emission line galaxies that two AGN, the narrow-line Seyfert-1 galaxie€NLS19. The
equally viable physical models can describe the observetlLS1s are known to exhibit unusually steep X-ray spectra,
line profile. The first consists of emission from a nearlyand it has been speculated that they may represent the extra-
pole-on accretion disk, while the second is a superposition ofjalactic analog of the high-soft spectral state seen in Galactic
emission from an accretion disk viewed at an intermediatélack-hole X-ray binaries. They suggest that the soft X-rays
inclination of ~ 48° and a distinct, unresolved feature thatare the high-energy extension of the thermal emission of an
presumably originates some distance from the galaxyccretion disk, while the harder, power-law component re-
nucleus. sults from Compton scattering of soft disk photons by a rela-

Dr. Weaver with Drs. T. Heckma@HU) and M. Dahlem tivistic bulk inflow onto the central black hole.

(ESA/ESTEQ presented an in- depth analysis of ROSAT Stimulated by a high optical state of the blazar 3C 279,
and ASCA X-ray data for a far-infrared flux-limited sample the Compton Observatory viewed that object as a Target of
of seven nearby edge-on starburst galaxies. All of theDpportunity in January 1999. It was seen to be bright, simi-
normal-sized spiral galaxies in the sample had hot gas itar to the levels seen in June 1991 and January 1996. Unlike
their halos, as does the small peculiar galaxy M82. Fits tdhe 1996 observation, however, it showed no flare similar to
joint PSPC+ ASCA spectra, indicate the presence of twothe extraordinary one in February 1996. Data from the 1999
gas phases, one at 0.2-0.4 keV and another at 0.65-0.9 kewbservation will be included in several upcoming papers.

Drs. Weaver and Colbert with Dr. A. WilsdtuMD) pre-  Stecker has collaborated on a paper with Drs. A. Konopelko
sented ASCA results of the LINER galaxy NGC 2639. Thisand J. Kirk(Max-Planck Inst., Heidelbejgand Dr. A. Mas-
galaxy contains a water vapor megamaser, suggesting thiehiadis (U. Atheng in which they analyze the high energy
presence of a nuclear accretion disk or torus viewed close tgamma-ray spectra obtained by the HEGRAigh Energy
edge-on. The X-ray spectrum shows emission in excess of @amma-Ray Array and Whipple telescope groups for the
power-law model at energies greater than 4 keV; which isnearby BL Lac object Mkn 501 in the energy range between
interpreted as compact, nuclear, hard X-ray emission witl0.3 and 24 TeV. They make the case that the observed roll-
the lower energies photoelectrically absorbed by an equivasver in the high energy end of the spectrigabove 5 TeV,
lent hydrogen column of- 5 X 10?3 cm 2. If the masing  which is particularly evident in the HEGRA data, is an ab-
molecular gas is responsible for the X-ray and radio absorpsorption effect caused by pair production interactions with
tion, the required ionization fraction of the torus3s 1.3  the extragalactic infrared radiation whose flux is that given
X 1075, which is comparable to the theoretical upper limit by Malkan and Stecker in 1998.
for X-ray heated molecular gas. Drs. Bautista and Titarchuk have studied the formation of

Drs. Yaqoob, Nandra, George, Turner, and Serlemitsothe H-like iron (Fe ~ XXVI) Ly-alpha line at 6.97 keV in
with Dr. A. Ptak(Carnegie Mellohreported the detection of Narrow-line Seyfert 1 galaxies in the framework of current
an unusual X-ray emission-line feature in the high-redshiftmodels for accretion into a black hole. They find that Fe
guasar PKS 0637-752, using the ASCA satellite. The energ¥XXVI Ly-alpha emission is most likely formed by resonant
of the line does not correspond to any known atomic transifluorescence due to the strong radiation field in the region
tion; if it is Doppler blueshifted OVII, the implied bulk ve- near the black hole or, possibly, in the interphase between a
locity is ~ 0.75c. hot corona and the optically thick alpha-disk. Alternatively,

Dr. Yaqoob published a reanalysis of an ASCA observathe line could be formed by collisional excitation at a tem-
tion of the cluster of galaxies 1E0657-56 in which it was perature of approximately 12 keV in accretion flows domi-
claimed that the gas temperature was so high that a “flat’nated by advection or gravitational accretion flows with
cosmology was ruled out. He showed that the high temperastrong shocks. For either resonant fluorescence or collisional
ture was due to errors in the previous analysis and that a flaxcitation the equivalent width of the Fe XXVI Ly-alpha line
Universe was not ruled out by the data. is a powerful temperature diagnostic of the emitting region.

Dr. Turner analyzed ROSAT and ASCA data from Mkn They propose some observational tests to distinguish be-
231, an active galaxy of particular interest due to its largegween collisional and resonant fluorescent excitation of the
infrared luminosity and the presence of several blueshiftedine.
broad absorption lin€BAL ) systems. These ASCA data pro- Dr. Kazanas along with Dr. A. Mastichiadi§). of Ath-
vided only the second hard X-ray spectrum of a BAL AGN eng have proposed a novel way to understanding the flares
published to date. Extended emission was found in the 0.1-8f blazars and the origin of relativistic electrons responsible
keV band, of size-scale 30 kpc in diameter, cospatial with for the gamma ray emission in these objects. Their models
the host galaxy. The extended emission has a luminositgssumes that much of the energy associated with the blazars’
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relativistic jets is contained in a population of relativistic the project has been completion of WGACAT, which in-
protons, which in fact help accelerate the jet to relativisticcludes updating and inspection of various aspects of the cata-
speeds. This energy is released catastrophically to producel@g. Several kinds of problems have been found in more than
population of relativistic electrons, by an instability triggered 250 observation sequences. Some problems have also been
by the presence of a “mirror’{i.e. a line emitting cloug found in several sequences of the Revision 2 ROSPUBLIC
ahead of the relativistically outflowing plasma. The morearchive data.

interesting aspect of this mechanism is that the conditions Drs. Hwang, Petre, and Snowden continue their efforts to
necessary for this instability are in close agreement witrassemble an archive of the ROSAT observations of super-
those thought to prevail at these environments and that theova remnants.

same process should be applicable to the relativistic blast

waves of gamma ray bursts. 3. OPERATING ORBITAL FLIGHT MISSIONS

3.1 Compton Gamma Ray Observatory(CGRO)

2.12 Clusters of Galaxies
. The Compton Gamma Ray Observatof§GRO has
Dr. Arnaud with Dr. R. DupkeU. Alabama showed that been in orbit since April 1991. The spacecraft and instru-

in the center of the Perseus cluster the Ni to Fe abundance . . .
. . . ) L . ments are performing well, and the science return is large.
ratio is approximately four times Solar. This ratio is consis-

tent with convective deflagration models for the SN la thatThe four instruments onboard cover an unprecedented six

A i~ . . . ; orders of magnitude in energy, 30 keV to 30 GeV, with an
provide the Ni in the intracluster medium but is inconsistent : : : L :
with delayed detonation models. In disagreement with Somgrder of magnitude improvement in sensitivity over previous

; missions. The scientific theme of CGRO is the study of

other authors, they show that it is not necessary for the iron, =", . . S
K alpha line to be optically thick. physmgl processes tgklng place in the most dynamic sites in
the Universe, including supernovae, novae, pulsars, black

holes, active galaxies, gamma-ray bursts, and solar flare. The
first 15 months of the missiofPhase 1were dedicated to a

Mr. Kuntz continues his dissertation work searching forfull-sky survey. A Guest Investigator program has been
small amplitude spatial fluctuations on ® 50 scales inthe implemented and a Science Support Center established at the
soft X-ray background, using a number of large mosaics ofsoddard Space Flight Center to support the Guest Investiga-
broadband ROSAT data. Such fluctuations are thought ttors. Dr. Gehrels is Project Scientist and Drs. Bertsch and
have the potential to contain the “missing” baryons in the Norris are Deputy Project Scientists. In its seventh year of
local universe. operation, CGRO has made many exciting discoveries. The

Based on data obtained with the HEXTE instrument onEnergetic Gamma-Ray Experiment TelescdSRET) in-
RXTE, Drs. Boldt and Mushotzky, in collaboration with Mr. strument has continued to find that many blazars, at ex-
D. MacDonald(UC Riversid¢ along with Drs. A. Fabian tremely large distances, emit more energy in gamma rays
(loA, Cambridge and D. GrubefUCSD), have studied the than all other types of emission put together, and seem to
granularity of the cosmic X-ray backgroui@XB) at ener-  brighten and fade even during a 2-week observation. EGRET
gies much higher than previously examined. The fluctuationtas also detected high-energy gamma-ray emission from
in surface brightness are found to imply a substantial unregamma-ray bursts up to 90 minutes after the burst. The Burst
solved foreground source population whose spectrum oveand Transient Source Experimef8ATSE) has observed a
the band 15.5 - 24.9 keV is significantly flatter than that oftotal now of over 2200 gamma-ray bursts. They are isotropi-
the CXB. It suggests that this radiation arises from severelygally distributed on the sky and have a deficit of weak bursts
absorbed sources, possibly low luminosity AGNs obscuredompared to a homogenous distribution in space. A new
by an enhanced density of material at the central region ofccurate-location capability has been implemented by the
the host galaxies. BATSE team for rapid release of 1 degree positions for

Dr. Watanabe with Drs. D. Hartmann, M. Leising and bright bursts. The Compton Imaging Telesc¢GOMPTEL)
L.-S. The(Clemson U). demonstrated that Type la superno- in combination with the ROSAT x- ray mission has found a
vae can be a major contributor to the cosmic gamma-rayjew supernova remnant{ 900 years old shining in the
background CGB) in the MeV region using information of light of gamma-rays emitted from 44Ti decay.
the star formation history, which has been well studied re-
cently. 3.2 Energetic Gamma Ray Experiment Telescope

Dr. Watanabe continued a collaboration with Drs. Leising(EGRET)
(Clemson U), G. Share and R. KinzéNRL) to analyze the

CGB data from the Solar Maximum MissiofiSMM) L S
gamma-ray spectrometer in energy region between 0.3 and/PM 30 MeV to over 30 GeV, has a limited lifetime due to
the limited spark chamber gas supply. In order to conserve

MeV. Their result agrees well with other recent satellite data e . .
such as COMPTEL data its capability for the most important sources, the instrument

is now only operating in a narrow field of view mode and
essentially only for targets of opportunity. The efficiency is
seriously degraded and significant corrections are required,
Drs. Park, Angelini, and White are pursuing the XCAT— especially at lower energies. However, a recent observation
the unified X-ray source catalog project. The first phase obf Geminga demonstrated that a reasonable spectrum and

2.13 Extragalactic Background

The EGRET instrument, which covers the energy range

2.14 Catalogs
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intensity measurement is still possible for strong sources. Atrum of positron annihilation radiation from the Galactic cen-
in-flight calibration paper by Dr. J. EspositMCST/SSA)  ter has been obtained using an on-board occulter. When the
and the EGRET team will be published in July. Highlights occulter is not used, the entire southern sky is observed by
from EGRET's observations during the mission inclu@®: the detector, enabling useful survey work to be done. An
the finding of a new class of objects — high energy gammaextensive search for positron annihilation radiation from no-
ray emitting blazarg2) the emission of high energy gamma- vae has therefore been undertaken, the first results from
rays from a burst for over an hour, with some gamma-raysvhich have been reported by Dr. Harris and associates.
having energies over a GeV and two having energies of over Mr. Kurczynski is completing a PhD thesis on a thorough
10 GeV, (3) the observation of seven high-energy gamma-search for narrow gamma ray lines in the spectra of a large
ray pulsars,(4) the determination with high certainty that number of gamma ray bursts which TGRS detected. Long-
cosmic rays are galactid¢p) the detailed mapping of the term monitoring of the degradation of the detector due to
Galactic diffuse radiation and the measurement of the pioosmic-ray irradiation has also been examined.

bump in the high-energy spectru®) the absence of micro-

second bursts and its implication for certain physics unifica-

tion theories,(7) the long time of over eight hours for ob- 3.6 The Energetic Particle Acceleration, Composition,
serving energetic solar particles following a flare, 48da  and Transport Experiment (EPACT) on the ISTP/Wind
measurement of the extragalactic diffuse radiation and itSpacecraft

consistency with that expected from AGN emission. . _ o _
Dr. von Rosenvinge is the Principal Investigator for the

3.3 Solar Anomalous and Magnetospheric Explorer Energetic Particles: Acceleration, Composition, and Trans-
(SAMPEX) port (EPACT) experiment, developed in conjunction with
Drs. Reames and Barbier for the Wind spacecraft and
Dr._von Rosenvinge is Project Scientist for and _a po'launched in November, 1994. Dr. G. Mastth Maryland is
Investigator on the SAMPEX small explorer mission 15 g coinvestigator. Sensitivity for low energy particles has
launched in 1992. SAMPEX is in an extended mission phasﬁeen increased by two orders of magnitude, so that high
to study both trapped and interplanetary anomalous cosmigepsitivity studies of the anomalous component, Corotating
rays, the charge states of solar energetic particles, and thgteraction Regions antHe-rich events have been possible.
acceleration of magnetospheric particles and their effects oRecent studies have utilized this high sensitivity to observe
the upper atmosphere. SAMPEX has also documented thg;mposition changes as a function of time during individual
build-up of energetic particles in the magnetosphere whiclyo|ar energetic particle events. This behavior is not simple
frequently accompany satellite failures. but is in reasonable agreement with a theory developed by
) _ Drs. Reames, Ng, and Tylka. This theory attributes accelera-
3.4 Advanced Satellite for Cosmology and Astrophysics tjon to a coronal/interplanetary shock and includes the ef-
(ASCA) fects of wave-particle interactions, with the waves being pro-

The joint Japanese-U.S. ASCA mission continues to workduced primarily by protons interacting with the shock.
well and produce excellent data. However, its orbit continues
to decay, with the reentry predicted to be sometime during
calendar year 2000. Therefore, the AO-7 proposal review3-7 Konus, a Gamma-Ray Burst Experiment from Russia
which the Guest Observer FacilitGOP) successfully sup- ©On the ISTP/Wind Spacecraft
ported during the latter half of 1998, will be its last formal
proposal cycle. The ASCA archive at HEASARC now con-
tains over 2,200 publidand 2,800 total sequences. Drs.
Yaqgoob, Mukai, Gendreau, and others continue to suppo
the instrument teams’ efforts to improve the calibration. Dr.
T. Dotani(ISAS) has made several key improvements in theGoddard. This gamma ray bur¢GRB) monitor detects

SIS calibration(although unresolved issues remgiand the events at half the rate of the most sensitive GRB experiment

QIS re-calibration effort is approachmg closure.."l'he GOF is orbit, CGRO-BATSE, but has the advantage of continu-
in the process of assembling a document detailing the defi

ciencies in the current low-energy calibration of the SIS.

Konus, a Russian GRB Experiment on the GGS-Wind
Spacecraft, the first Russian experiment in astrophysics or
pace science flown on a NASA mission, was launched on
the GGS-Wind spacecraft in November, 199@r. E.P.
Mazets, St. Petersburg,)PDr. Cline is the Konus co-PI at

ous, all-sky coverage, not being shadowed by the Earth at its
great distance. In addition to its utility in GRB studies, the
3.5 Transient Gamma-Ray Spectromete(TGRS) on the Konus experiment has been in_volved in. a yariety of recent
GGS/Wind Spacecraft soft_gamma repeatdSGR studies, coptrlbutlng to the de-
tection of the flare-ups of formerly quiescent SGRs, to the
The Transient Gamma Ray Spectromet€GRS is a  discovery of a new SGR this last year, and to the detection of
high-resolution gamma-ray astronomy experiment aboard ththe 1998 August 27 giant SGR flare, the first repeat of the
WIND spacecraft. The team, consisting of Drs. Teegardenl1979 March 5 phenomenon since that time. Another transient
Cline, Gehrels, Ramaty, Harris, Palmer, Naya, Seifert, andtudied in detail with Konus was the bursting pulsar GRO
grad student Mr. Kurczynski, along with K. Hurlggpace J1744-28. Also, Drs. Barthelmy and P. Butterwof@SFC/
Sciences Laboratory, UC Berkeleyhas continued to ana- Raytheon have included Konus data into the GCN auto-
lyze the data returned from TGRS. A high resolution specimatic reporting systenisee the IPN and GCN paragraphs
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enabling electronic distribution of Konus GRB data to ob-Hurley of UC Berkeley, P| Compton-GRO(Dr. G . Fish-
servers world-wide, upon the up-to-two-day delayed receipman of MSFC, BATSE Bl GGS-Wind (Dr. Teegarden,

at Goddard. TGRS PI, and Drs. E. Mazets of St. Petersburg and Cline,
' o Konus co-Pl§ and Near Earth Asteroid Rendezvdiss. R.
3.8 Rossi X-ray Timing Explorer (RXTE) Gold, APL, and J. Trombka, GSFCThe comparison of data

The Rossi X-ray Timing ExploreRXTE) will have been from these missions can result in the determination of a GRB

in orbit 4 years at the end of 1999. The spacecraft continue€0Urce location only several arc minutes in size. Also, if
to meet all of its operational requirements. Continued opera€ircumstances permit the detection of GRBs or SGRs in the
tion through 2002 has been recommended and is bein§T@ domain with the Rossi-XTE mission, collaborative
planned. The spacecraft carries the collimated Proportionaitudies are carried out with experimenters on that mission.
Counter Array(PCA) and High Energy X-ray Timing Ex- The mos_t r_ecent and (?r|t|cal a_ddltlon to the IPN was 'Fhe
periment (HEXTE), that point at X-ray sources for 2-200 NEAR mission, completing _the first three-way, long-baseline
keV measurements on time- scales from microseconds thterplanetary GRB array since the deaths of PVO and Mars
years, and the All Sky MonitafASM) that obtains long term Observer in the early 1990s, and the first such IPN in the
lightcurves of sources brighter than a few microJanskys, angiodern era of automatic, rapid data distributisee the
detects new sources as well as changes in known sources. &N paragraph The precision of this network, including
much as 25% of the pointed detectors observing time is foNEAR, has been accurately calibrated using the well-
targets of opportunitf TOOS, that is, made in response to determined source_locatlons_; of both F:ertaln SGRs gnd of a
discoveries of either the ASM, the CGRO’s BATSE, or other'€cent GRB-associated optical transient. Systematic errors
space or ground based observatories. There is a large dfie essentially absent, at levels well below those from
base of public data obtained from TOO observations tha@mma-ray count-rate fluctuations.
were not part of accepted proposals. Information on the de-
tectors, data access, data analysis tools, and results of t8e10 Advanced Composition Explorer(ACE)
mission are available on the Web at http:/ .
heasarc.gsfc.nasa.gov/docs/xte/XTESOC.html. The Advanced Composition ExplorékCE) was success-
RXTE opened up, with its combination of large area, flex-TUlly launched on August 25, 1997. LHEA scientists in-
ible data modes, and high-rate telemetry, the phase space Y#!ved include Drs. Christian and von Rosenvingoject
temporal measurements above 100 Hz, and especially abo\%nenns). ACE includes two instruments which were devel-

500 Hz. All of some sub-classes of accreting neutron stars iQP€d jointly by Caltech, GSFC, and Washington U. in St.

low-mass X-ray binaries have been found to exhibit quasi-OUIS- The Cosmic Ray Isotope Spectrometer has made un-

periodic oscillations between 400 Hz and 1200 Hz. WhilgPrecedented new measurem(_-:-nts of heavy COSMIC ray 1S0-
alternative models of these oscillations are still being devell0P€S. These measurements include observations of the iso-

59 59 H H
oped, they all agree that the oscillations originate within al0P€S” N and*“Co which suggest that there is a delay of

few kilometers of the neutron star surface, a location in~ 105 Years or more between the synthesi¥if by super-
which the effects of gravity are important. The saturation of10Vae and its acceleration to cosmic ray energies. The Solar
frequency at a maximum for a given source appears to corlSO{oPe Spectromete(SIS) has measured isotopes in the
firm the General Relativity prediction of the existence of anAnomalous Cosmic Ray®CRs) and in solar energetic par-
innermost stable orbit. The spectra and the frequencies hayi¢!® €vents. The large collection power and resolution of SIS
been shown to be well correlated in several sources of botf2S allowed it to observe many previously unmeasured rare
the Z and the Atoll type; this is providing a crucial basis for elements as well as to make measurements of dlfferen_t 1S0-
identifying the accretion flow geometry. The low frequencympes' The isotopic abundances are observed to vary signifi-
oscillations that appear at the same time as the high freSntly from event to event.

guency ones have been shown to be correlated with them so

that they are either associated with them or respond to thé. FUTURE ELIGHT MISSIONS

same physical parameter, such as the mass flow rate. Inter- o )

estingly, the low frequency oscillations of the neutron star*-1 The Monitoring X-ray Experiment (MOXE )

sources bear the same relation to each other as do those of 1, Monitoring X-ray ExperimentMOXE) is an all-sky

the black hole candidates. _ monitor being developed as one of the core instruments for

The RXTE learning Center continues to make RXTE'Sthe Spectrum-X-Gamma mission. MOXE is a collaboration
new discoveries accessible to the public, students and teachatween LHEA(Drs. Black and Kelley, the Los Alamos
ers. A booklet “Shedding a New Light on the Universe” national LaboratoryDrs. W. Priedhorsky and E. Fenimoye
was released. The “Tour the ASM Sky” leads to displays of 3,4 the Russian Space Research InstitDts. K. Borozdin,
data of the_ sources and suggested teacher-written lessgn Kaniovsky, and V. Arefiey. It will monitor several hun-
plans for using it. dred X-ray sources on a daily basis, and will be the first
. instrument to continuously monitor most of the X-ray sky,
3.9 Interplanetary Gamma-Ray Burst Timing Network thus providing long-term light curves of many galactic as
(IPN) well as some extra galactic sources. MOXE will also alert

The Interplanetary Network now incorporates gamma-rayusers of more sensitive instruments on Spectrum-X-Gamma
burst (GRB) information from the Ulysses missiar. K. to transient activity.
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MOXE distinguishes itself with respect to other all-sky Astro-E in early 2000. The instrument consists of an array of
monitors in its high duty cycle, thus having unprecedentedtryogenically cooled X-ray microcalorimeters capable of an
sensitivity to transient phenomena with time scales betweesnergy resolution of- 12 eV over the range 0.3 - 12 keV.
minutes and hours. This duty cycle is a result of both theSuch detectors are thermal sensors that determine the ener-
instrument design and Spectrum-X- Gamma'’s four day orbitgies of individual X-ray photons by sensing the temperature
The instrument consists of a set of 6 X-ray pinhole cameragcrease they produce when absorbed in a small detector el-
based on imaging proportional counters. Together, they viewment. In order to measure the small change in temperature
4 steradiangexcept for a 20 degree by 80 degree patchwith high signal-to-noise, the detector must be operated be-
around the Sun With a 24 hour exposure, MOXE will have |ow 0.1 K. The project is a collaborative effort between
a sensitivity of about 2uCrab and be able to locate a 10 NASA and ISAS in Japan. A detector assembly, adiabatic
wCrab source to better than 0.5 degrees. demagnetization refrigeratdADR), superfluid helium cry-

The MOXE flight instrument is complete and has passed stat, and associated analog and digital electronics have been
flight acceptance test at Goddard and is ready for deliverygeveloped at GSFC and installed in a solid neon dewar de-
The MOXE engineering model has been delivered to thgse|oped in Japan. A set of five aluminized polyimide filters
Russian Space Research Institute and undergone complgyanufactured by Luxel Corporation for rejecting non-X-ray
tests there with other engineering model instruments ORmission are also being delivered by GSFC. The X-ray op-
Spectrum-X-Gamma. tics for the XRS(and four CCD camerasvill be conical foil

The MOXE team is also studying the implementation of amjrrors developed by Drs. Serlemitsos, Soong, and Chan at
similar instrument on the International Space Station. Thisssec. The overall development of the instrument, including
instrument would take advantage of the large instantaneoygsting and preparation of the microcalorimeter array, antico-
sky coverage of a MOXE-style instrument and the real-timencidence detector, fabrication of the detector assembly and
telemetry of the ISS for unique studies of short-liviebc-  cgjipration are being carried out in the X-Ray Astrophysics

onds to hourstransient X-ray phenomena. Branch through the efforts of Drs. KellegPl), Audley,
Boyce, Gendreau, Porter, Stahle, Szymkowiak, H. Moseley
4.2 X-ray Multi-Mirror (XMM ) (Goddard’s Laboratory for Astronomy and Solar Phygics

. . nd D. McCammon(U. Wisconsin. Dr. Stephen Hol{Di-
A Guest Observer Facility has been organized to SUppor?ector of Space Sciences$s the Project Scientist for the

US participation in the European XMM project. XMM, NASA involvement in Astro-E.

which is now scheduled for launch on 15 December 1999, . .

will cover the 0.1 - 15 keV energy range with large effective During the past year the instrument was completed, tested

area moderaté angular resolution ‘0L5and moderate and delivered to Japan. However, there were several prob-
. lems along the way that had to be overcome. One of these

(CCD) and high(grating spectral resolution. XMM will in- ith the detect h that iainall
clude an Optical Monitor for simultaneous coverage of the!Vas Wi € deleclor array. The array that was originally

UV/optical band. The GOF is currently supporting softwaremSta"ed for flight(a 6x6 array, minus the four corner pixels
development at Leicester Uthe Standard Analysis Soft- for 32 channel)ssuffered damage on subsequgnt CO(.)I downs.
ware, SAS and GSFC(QuickSim and ProcSim simulation Although the precise cause was not determined, it was al-

software. The main activity of the past year for GOF scien- most certainly due to a combination of thermo-mechanical
tists Drs. Snowden and Still was the support of the AO-15tress in the detector mount and the very fragile nature of the

proposal process, which opened 19 January and closed fpecific implementation of the 2-dimensional detector geom-
April 1999 ' etry. Modifications to both the detector design and mounting

scheme were developed that would have probably allowed us
to use this type of array, but there was insufficient time to
4.3 X-Ray Spectrometer(XRS/Astro-E) fabricate new arrays or fully qualify a new detector mount. It
The Cycle 1 NRA of the ASTRO-E Guest Observer pro-was decided instead to use the previously developed bilinear
gram will be released on 1999 July 15. Consequently, a maarray, which consists of two rows of 16 pixels and is inher-
jor focus of the ASTRO-E Guest Observer FaciligOF  ently more robust. A bilinear array was installed and cali-
has been to prepare documentation and software for proposalated over a five week period in December 1998 - January
preparation and submission. Among our products are th&999.
Technical Description which is intended to contain all infor-  The other problems involved the ADR system. The ADR
mation necessary to write an ASTRO-E observing proposalgontains a helium gas-gap heat switch that must remain very
Maki, a web-based tool to investigate the observing windowdiermetic, but was found to be susceptible to leakage. New
and fields-of-view; and an XRS simulator. In addition, theheat switches were fabricated with design improvements.
GOF, in collaboration with the hardware teams, as well asSimilarly, the ADR salt pill must remain hermetic to a very
the Astrophysics Data Facility at NASA GSFC, have testechigh degree and concern developed with the original design.
the first stage software to produce FITS files on ground tesf new salt pill was developed and fabricated at the Univer-
data; established a framework for importing software fromsity of Wisconsin. This salt pill has a number of improve-
the instrument teams for guest observer use, and started theents over the original design, one of which is that it has
development of several other programs for data processingabout 50% more cooling capacity. This means that the ADR
The X-Ray SpectrometdiXRS) is one of several instru- cycle time has gone from about once every 24 hours to once
ments that will be flown on the Japanese X-ray observatorgvery 36-40 hours in orbit.
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The XRS Insert was delivered in January 1999 where ison are designing the flight unit and implementing a proto-
was then integrated with the neon dewar. The instrument watype for the ACD to be used in a GLAST prototype tower
then closed out, pumped down for five weeks, cooled wittheam test in 1999. Drs. Norris, Bonnell, and Silvis are per-
liquid cryogens and performance tested. The performance dbrming instrument simulations to optimize the design of the
the instrument was excellent, giving typically 12 eV resolu-instrument. Dr. Digel is simulating the capabilities of
tion at 6 keV on all channels. The XRS was shipped to ISASGLAST for astronomical source detection. Drs. Ritz and
where it was subjected to a vibration test. The Astro-E ObKrizmanic collaborated with Dr. W.N. Johns@NRL) on the
servatory will be integrated for flight starting in Septemberdevelopment and production of a very large dynamic range,
1999, after which it will be vibrated and shipped to the low-noise, low-power ASIC for the calorimeter readout. Drs.
launch site in December. The launch is set for late JanuarGehrels, Ormes and Ritz are members of the GLAST Instru-
2000. ment Development Steering Committé8IDSC), which is

the central management group of the collaboration. Dr. Le-
4.4 International Gamma-Ray Astrophysics Laboratory ~ onard coordinated outreach activities for GLAST at GSFC.
(INTEGRAL ) Dr. Gehrels is chair of the GIDSC. Dr. Gehrels was the co-

chair of the GLAST Facility Science TeafiNorris, Ormes

INTEGRAL is a joint ESA-NASA gamma-ray astronomy and Ritz were also membersDr. Ormes served as the

mission that will be the successor to the Compton Observag| AST study scientist for NASA. The project scientist is
tory and GRANAT missions. It was selected by ESA in JunecurrenUy Dr. Bertsch.

1993 as its next Medium Class scientific missidf2) with

payload selection in June 1995. The launch is scheduled for

2001. It will be an observatory class mission that will per-

form high-resolution spectroscopy and imaging in the 204.6 Constellation-X

keV to 30 MeV region. There will be two main instruments,

a spectrometer and an imager. By taking advantage of new The Constellation-X mission, planned for launches in
technology, the INTEGRAL will have greatly improved per- 2008-2010, is a high throughput X- ray facility emphasizing
formance over prior comparable missions, e.g., 40 time betebservations at high spectral resoluti@DE ~ 300-3000

ter energy resolution and 10 times better angular resolutioand broad energy bandpa$s25-40 keV, providing a factor
than the Compton Observatory. The GSFC is participating irof nearly 100 increase in sensitivity over current X-ray spec-
the mission planning and in the development of the scientifi¢roscopy missions. The Facility Science Tedf8T), respon-
data analysis software for the spectrometer. The Goddarsible for defining the mission, met in September of 1998 at
scientists involved are Drs. Teegard@ASA Project Sci- GSFC. The mission configuration was changed to fly four

entish, Gehrels(Mission Scientist, Shrader, and Sturner. identical spacecrafts instead of six, maintaining the same col-
lecting area. The FST conducted a simulated observing pro-
4.5 Gamma-ray Large Area Space TelescopéGLAST) gram to demonstrate that the mission’s capabilities are com-

patible with its science goals. The results of this study was
Drs. Bertsch, Bonnell, Digel, Gehrels, Hunter, Krizmanic, released in the form of a 50-page report. Significant progress
MOiseev, Leonard, NorriS, OrmeS, RitZ, SilViS, and Thomp-was made in technology deve|opment' These inc'ude
son are GSFC members of a large consortitPnof. P.  progress in developing lightweight X-ray optics and the
Michelson of Stanford is the Ptleveloping the Gamma-ray demonstration of a calorimeter with energy resolution of 2.4
Large Area Space Telescop@LAST), the next-generation ey FWHM at 1.5 keV and 4.7 eV FWHM at 5.9 keV, re-

high-energy gamma-ray mission. With a large field of viewgpectively, by Dr. K. Irwin and his team at NIST/Boulder.
( > 2.5 s, large effective area & 8000 cnf), greatly im-

proved point spread function< 0.35 degree for B 1 GeV),

and unattenuated acceptance to high energies, GLAST will

measure the cosmic gamma-ray flux in the energy range 2.7 Orbiting Wide-angle Light-collectors (OWL)—

MeV to > 300 GeV with unprecedented precision andAirwatch

greater than a factor 30 higher sensitivity than the existing

EGRET detector. The launch is planned for 2005. GLAST A collaboration led by Dr. Streitmatter is working on the

will open a new and important window on a wide variety of design of an instrument for detecting the highest energy cos-

high energy phenomena, including black holes and activenic rays by observing from space the fluorescence light from

galactic nuclei; gamma-ray bursts; supernova remnants; arglant air showers with energies greater tharf®1€v pro-

searches for new phenomena such as supersymmetric datlkiced when these particles interact with the atmosphere. The

matter annihilations and primordial black hole evaporationOrbiting array of Wide-angle Light-collector®©WL) col-

The proposed instrument consists of a large effective arelaboration includes the HECR group from GSFC, Marshall

Si-strip precision trackea 9 radiation length Csl hodoscopic Space Flight Cente(Drs. M. Watson and M. Christl U. of

calorimeter, and a segmented plastic tile anticoincidence deAlabama(Drs. Y. Takahashi, J. Dimmock, T. Parnedind U.

tector (ACD). of Utah (Drs. P. Sokolsky, G. Loh, P. Sommgr§he OWL
GSFC is the lead institution responsible for the ACD, group has formed a collaboration with the Airwatch group in

including all hardware and readout electronics. Dr. Ormesiltaly led by Drs. R. Stallio(U. of Triestg and L. Scars(U.

the ACD subsystem manager, and Drs. Moiseev and Thommf Palermg.
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4.8 Positron Electron Magnet Spectrometer(POEMS); 4.10 Advanced Cosmic-ray Composition Experiment for
PAMELA the Space Station(ACCESYS)

Dr. Mitchell is leading HECR group work in the PAM- Several _cosmic ray instruments_ for the_ International
ELA collaboration, a multinational collaboration designing aSpace Statior(ISS) are currently being studied. The Ad-

polar orbiting permanent magnet spectrometer which willvanced Cosmic-ray Composition Experiment for the Space

make measurements of antiprotons, positrons and electromiation (ACCESS will study the fundamental questions of
over a large energy range. Members include six physics dé]ow galactic cosmic rays are accelerated and transported in

partments of Istituto Nazionale Fisica Nuclegitaly, INFN, LhehGaIaxy.. Elemer(m)t135 up through Iiron Wli” behme:isure,g to
Dr. P. Spillantiniet al.), Moscow Engineering Physics Insti- igh energies (~ 10™eV) to directly explore the "knee

tute (Dr. A. Galper et a), New Mexico State U(Dr. S region of the cosmic ray energy spectrum. The instrument
Stochaj, U. of Siegen (éermany Drs. M. Simon. W will consist of two detecting parts: a calorimeter to measure

Menn, M. Hof and Royal Institute of TechnologiBweden, hydrogen, helium, and other light elements, and a transition

Dr. P. Carlsonet al). PAMELA is approved by INFN and radiation detector(TRD) to measure heavier elements
AS| for flight in late 2002 or early 2003 through iron. ACCESS is planned to replace AMS on Space

Station in 2005. Goddard scientists involved are Drs. Streit-
matter (Study Scientigt Barbier and Christian(Deputy
Study Scientists Ormes (calorimeter study team leader
4.9 Laser Interferometer Space Antenna(LISA) Mitchell (accelerator test team leagieand Moiseev who is
working on instrument simulations. In June 1999, Dr. Mitch-
Gravitational radiation has the potential of providing aell led a test of two ACCESS calorimeter prototypes at the
powerful new window on the universe for observing the be-CERN SPS accelerator. In these tests the prototypes were
havior of astronomical systems under conditions of stronglyexposed to protons and negative pions at 375 GeV/c and to
non-linear gravity and super-high velocities. Because of seiselectrons between 20 and 250 GeVi/c.
mic and gravity gradient noise on Earth, searches for gravi-
tational radiation at frequencies lower than 10 Hz must bet.11 SWIFT
done in space. The frequency range 40~ 1 Hz contains )
many of the most astrophysically interesting sources. In this "€ Swift gamma-ray burst MIDEX proposal was se-
band, predicted emission includes that associated with thgcted for Phase A study in January 1999. It is an interna-
formation or coalescence of massive black holes in galactifonal payload consisting of wide and narrow field-of-view
nuclei. Laser interferometry among an array of spacecraft iff’Struments with prompt response to gamma-ray bursts. A

heliocentric orbit with separations on the order of a thousand-Steradian wide-field gamma- ray camera will detect and
Earth radii could reach the sensitivity to observe low-Image~ 300 gamma-ray bursts per year with 1-4 arcmin

frequency gravitational radiation from likely sources out toPOSitions. The Swift spacecraft then slews automatically in
cosmological distances, and would be an important comple20-70 séconds to point narrow- field X-ray and UV/optical
ment to the ground-based experiments already being cori€!€Scopes at the position of each gamma-ray burst to deter-
structed. A specific concept for this space observatory knowf!in€ arcsecond positions and performs detailed afterglow
as Laser Interferometer Space AnteibiSA) is under study obs_ervatlons. The goal of the mission is to determine the
as an advanced mission for the next decade. The LISA of2"din of gamma-ray bursts and to use bursts to probe the
servatory for gravitational radiation is a cluster of three®arly universe. The mission is managed at Goddard. Dr. Ge-
spacecraft that uses laser interferometry to precisely measufg€!s is the PI, Dr. White is the Project Scientist and Dr. J.
distance changes between widely separated freely falling teMOUSeK is the lead scientist at Penn State, the prime US
masses housed in vehicles situated at the corners of an eql{Niversity partner. Key hardware contributions are made by
lateral triangle 6x10 km on a side. It is an ESA/NASA international collaborators in the UK and ltaly.

mission that is part of the NASA SEU roadmap for the latter

half of the next decade. Drs. Boldt and Teegarden are men®. INSTRUMENTATION, SUB-ORBITAL, AND

bers of the mission definition team, and are in the process dfON-FLIGHT PROGRAMS

establishing an effort here in support of the LISA project. Dr. : . : .

E. Waluschka of the Optics Branch has been in BouIderg'inlt_g??HirfsrgAyRés)tmphysms Science Archive Research
Colorado for almost a year working with Dr. P. Bender of

JILA on the design and modeling of the LISA optics. Drs.  The High Energy Astrophysics Science Archive Research
Boldt, Teegarden and Waluschka participated in the Secon@enter, HEASARC, provides the astrophysics community
International LISA Symposium at Caltech in July; Dr. Boldt access to archival data from X-ray and Gamma-ray missions
reported there on evidence for a substantial population ofind to provide the maximum scientific capability via the pro-
supermassive black hole quasar remnants in the local unidsion of appropriate multimission analysis software. High-
verse. Drs. Boldt and Waluschka participated in a technologjights from the past 12 months include: a total data volume
review at JPL in November. Dr. Teegarden hosted a joinbf 1.5 TerrabytesTB), 1.2 TB downloaded via anonymous
JPL/JILA/GSFC session here in Greenbelt during Januarftp, and 0.45 TB downloaded via the web, the opening of the
for the purpose of exploring the possibility of a preliminary BeppoSAX archive, the completion of the restoration of sev-
mission based on the New Millennium DS-5 program. eral data sets including OSO-8, HEAO-1 and Copernicus.
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Ginga data restored by Penn State and Leicester U. was alsaicrocalorimeter(2.4 eV at 1.5 keV and 4.5 eV at 6 keV
ingested. The only data restoration effort left is the EXOSATusing Mo/Cu TES. We will be working with them in the
data, which will be complete at the end of 1999. Thecoming year to fabricate small arrays with integral Bi ab-
HEASARC database system was converted from ingres tsorbers.

sybase, and this has resulted in a major increase in perfor-

mance. The HEASARC has supported several efforts to givg 3 x-Ray Quantum Calorimeter (XQC) Sounding
cross-discipline access to OSS data sets. The AstroBrowsgocket Program

interface is a notable effort in that it provides the first seam-

less access to all the worlds astronomical resources on the Drs. Szymkowiak, Porter, Kelley and Stahle with D. Mc-
Web. The HEASARC has also used its CD ROM masteringcammon(U. Wisconsin have been developing high resolu-
facility to exchange data sets with other data centers. Théon, high throughput X-ray spectrometers for astrophysical
ASCA and ROSAT data have been sent to Leicester U. an@bservations. The techniques on which we have been focus-
the BeppoSAX data centers. The HEASARC's multi-missioning involve single photon calorimetry, which requires cryo-
Web catalog service, W3Browse, supported 156,000 querie§€nic operation. One important testbed for this technology
The SkyView facility uses existing large area surveys to dishas been our X-ray Quantum Calorimet&QC) sounding
play images in various projections in all wavebands. Ovefocket payload.

the past year 386’000 images were served. On March 28, 1999, this payload was flown from the
White Sands Missile Range, configured to observe-at
5.2 High Resolution Detector Development steradian section of the soft diffuse X-ray background. The

instrument functioned well, and we were able to collect pulse

The X-ray Astrophysics Branch, together with the God-hejght information for all 34 active detectors. A preliminary
dard Detector Systems Branch, continues to develop highnalysis of the spectrum clearly shows characteristic emis-
resolution, high quantum efficiency X-ray spectrometers bysion lines from highly ionized oxygen. After further work on
improving X-ray microcalorimeters. Currently we are con-data reduction and on our model of the instrumental re-
centrating on microcalorimeters with superconducting transisponses, we will begin analysis of the implications of our
tion edge thermometers, or transition edge sen$bES.  spectrum for our understanding of the local ISM.
This type of thermometer offers a number of fabrication and  After some rework of the instrument, which suffered
performance advantages over devices with semiconduct@ome slight damage due to a rather hard landing, we plan on
thermometers, such as a larger allowable heat capacity fQg-configuring the instrument by placing the calorimeters at
the same energy resolution. The goal of this work is to prothe focus of a thin foil X-ray telescope. The new payload
duce large format array€L000 pixels or morewith 2 eV would be used in a future flight to study the composition and

resolution at 6 keV for possible use on the Constellationconditions in the plasma of a supernova remnant, such as the
X-Ray mission. Dr. Stahle is leading this effort at Goddardcygnus Loop.

along with Drs. Finkbeiner, Kelley, Szymkowiak, and gradu-
ate st.udent Ms. Mattson from the University of Maryla}nd: 5.4 Future Hard X-ray Detector Development
Mr. Figueroa, a graduate student at Stanford University is
also involved in the TES work and will soon be spending The research and development of new detector and optics
most of his time at Goddard. We are working in collabora-technologies for future hard X- ray astrophysics instrumen-
tion with Dr. K. Irwin and his colleagues at NIST/Boulder, tation has long been an important endeavor in the LHEA.
who have pioneered the TES work. Dr. Stahle spent a probrs. Parsons, Barbier, Barthelmy, Gehrels, Palmer, Teegar-
ductive two month period at NIST as part of a Goddardden and Tueller of the Low Energy Gamma-Ray Group
outreach program. (LEGR) have continued their highly successful technology
There has been much progress in the last year. At Goddevelopment program to produce new cadmium zinc tellu-
dard we have set up a dilution refrigerator for reading outride (CdZnTe and cadmium tellurid¢CdTe detector arrays
transition edge devices. We identified molybdenum/gold bi-and focal plane sensors for balloon and spacecraft applica-
layer films as a robust superconducting film and fabricatedions. Improvements in the availability of high quality room
numerous test devices with good superconducting transkemperature semiconductors such as CdZnTe and CdTe have
tions. We have also begun working on fabricating workingmade it possible to produce large, convenient, light-weight
devices by depositing such films on thin silicon nitride mem-detector arrays for hard X-ray imaging and spectroscopy.
branes. The results are encouraging at this early phase @®he advantages of CdZnTe and CdTe detectors include good
development and further progress should be rapid. In paraknergy resolution in the 5-300 keV energy range without the
lel, we have been working on the problem of X-ray absorbergomplexity of cooling and high-Z for greater stopping power
that are deposited on the array during the device fabricatiorwith a thinner, more compact instrument. Working with Dr.
To do this we are sequentially depositing bismuth on siliconC. Stahle and P. Shu in the GSFC Detector Systems Branch
wafers where the bismuth has a base and a top that ove{€ode 553, the LEGR group has developed the capability to
hangs to form a mushroom-like structure. This will allow design, process and package CdznTe and CdTe detectors
large arrays to be fabricated with high filling factor. So far, and readout electronics for a variety of space applications.
the test samples have been excellent and the yield of full{petector systems fabricated in the past include double-sided
intact arrayg32 x 32 has been very high. Our colleagues atCdZnTe strip detectors with 100 micron pitch that would
NIST have produced the best energy resolution yet with allow fine (arcsecondimaging of hard X-ray sources and
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gamma-ray bursts. A 6x6 array of such strip detectors hamuons and neutrinos are kinematically related. The unique

been assembled at GSFC with over 500,000 separate resolkeapabilities of the IMAX instrument enabled measurements

tion elements. The LEGR group has also flown CdZnTe dewhich were uncontaminated by backgrounds in the momen-

tectors at balloon altitudes to investigate the CdZnTe detedum range 0.2> 0.45 GeV/c. These results, when compared

tor background dependence on the active shieldingo that of the Bartol Atmospheric Monte Carlo Predictions

configuration. The baseline detector systems for many futurandicate good agreement at low atmospheric grammages, but

missions described elsewhere in this report depend on detedemonstrate an over-prediction deeper in the atmosphere.

tor technologies that were developed through this progranthe IMAX experiment is a collaboration among GSFC,

such as the proposed Swift Gamma-Ray Burst Explorer; InCaltech(Drs. A. Davis, A. Labrador, R. Mewaldt, S. Schin-

FOCuS, a balloon-borne hard x-ray focusing telescope; andller), New Mexico State U(Drs. S. Stochaj, W. Webbgr

the Hard X-ray Telescope for the Constellation-X program.and U. of SiegenDrs. M. Simon, M. Hof, W. Menn, O.
Future thrusts in the development of these technologieReime).

will be to improve spectroscopic performance throughout a

more extended energy range - 600 ke\} with the use of ) . , .

both thicker CdZnTe detectors and stacked Si and CdznTa-/ International Focusing Optics Collaboration  for

detector arrays. As the angular resolution of hard X-ray op#Crab Sensitivity (INFOC wS)

tics improves, the trend in the development of future hard |n,rOCLS is a balloon-borne instrument incorporating re-
X-ray focal plane_ sensors will 'also be toward finer p_ltCh cent breakthroughs in hard X-ray focusing optics and detec-
detector arrays with an increasingly large number of pixelsqors to achieve order of magnitude improvements in both
that must be read out within a physically small space. Sma”sensitivity (~ 100 xCrabs in 12 hours, 2Q.Crabs for
Application Specific Integrated Circuit§ASICs) provide LDB) and imaging resolution (~ 1 arcmin, with high-
each pixel with its own readout electronic circuit. One of the agolution spectroscopy< 2 keV FWHM). Very low back-
challenges of ASIC design is to fit the readout circuits withgroynds achievable with this configuration will produce
the required functionality into a space less than 400 microngysiematics-free results for very long, high sensitivity obser-
square. While GSFC strip and pixel detectors have been reagtions. Most traditional sources are so bright that back-
out using a variety of commercially available ASICs, GSFCqrqund subtraction would be unnecessary. Exciting new re-
engineers are currently developing an in-house low noiseg s are expected, such as direct imaging of cosmic ray
lower power readout ASIC practical for future large areag.celeration and nucleosynthe$#&Ti lines in the Cas A

arrays. supernova remnant and the first measurement of intergalactic
magnetic field strengths by measuring the upscattering of the
5.5 Lobster-Eye All-Sky X-ray Monitor cosmic blackbody radiation by electrons in the radio lobes of

. . GN. This international collaboratioiDrs. Tueller, Bar-
Drs. Zhang, Petre, and Peele have continued their deve]: :
: helmy, Gehrels, Palmer, Parsons, Petre, Serlemitsos, Stahle,
opment of the lobster eye optics. They have adopted th

. . - . . ‘?’eegarden, White, and Mr. P. Shu at GSFC; Drs. H. Ku-
silicon micro-machining technology to fabricate flat mirror ieda. Ouasaka. Y. Tawara. K. Yamashita at Nagova U.- B
holders. Compared to holders machined with the wire ED 29 o N goya ., b.

technology, the silicon holders are lighter and their grove Barber, E. Dereniak, D. Marks, E. Young at U. of Arizona,

are much more accurately positioned. This accurac tranifv' Baumgartner, F. Berense, and M. Leventhal at U. of
yp ' Y S1\/Iaryland includes world leaders in the development of foil

lates directly into an improvement in the overall angmarmirrors, multicoated optics, segmented CdZnTe detectors,

resolution. They expect they will assemble and test an X_ra%md balloon payloads with the experience and resources nec-

optical module using thin glass sheets in the coming year . -
) . , essary to successfully exploit these promising new technolo-
with an angular resolution of'2

gies for the future Constellation-X mission. Current activity

. ) concentrates on preparing for a balloon flight of the detector

The HECR group has continued working on data analysis
from the IMAX (Isotope Matter Antimatter Experimerthat g g 545 Micro-Structure Detector SR&T
made measurements of antiproton, proton, deuterium, and
helium isotopes fluxes in the energy range from a few hun- Drs. Black, Deines-Jones, and Hunter have developed
dred MeV/nucleon to three GeV/nucleon. Dr. Krizmanic haslarge area, high spatial resolution, one-dimensional and two-
completed an analysis of the data from the IMAX experi-dimensional micro-well detecto@MWDs), a new type of
ment, which measured the atmospheric muon flux as a funagas proportional counter. These charge-sensitive detectors
tion of atmospheric depth. The results of the Superare being developed for astrophysical instrument applica-
Kamiokande experiment give strong evidence that neutrindions requiring large area, low-power, two-dimensional posi-
oscillations are responsible for the atmospheric neutrindion sensing. MWDs are similar in operation to micro-strip
anomaly. However, the neutrino fluxes uncertainty lead to aletectors. Unlike micro- strip detectors, however, the cath-
large range of possible neutrino mass and mixing parameterede of a MWD is raised above the anode, separated by a thin
Measurements of the atmospheric muon flux by balloondielectric. This allows for two-dimensional readout if the an-
borne magnetic spectrometers provide an experimental meades and cathodes are segmented into orthogonal strips. The
sure of atmospheric neutrino production as the production oMMWD geometry also relies on a long avalanche region for
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gas multiplication rather than a small, wire-like anode. Thiswhich will monitor the UV emission during a two week
aspect of the MWD geometry allows very robust, spark-around the world balloon flight planned for January 2001.
tolerant construction.

The electrodes are commercially fabricated at very low5.12 ENergetic Trans-lron Composition Experiment
cost as a flexible printed circuit board, using copper cladENTICE)
Ipolymer su_bstrate_s.. The wells are then drilled at GSFC’s UV The ENergetic Trans-Iron Composition ExperiméaN-
aser ablation facility. The ablation process takes advantag$I

of the fact that polymers are ablated by intense UV light, but CE). IS an gxperlment that W”.I detec.t flu?<es of ultrajh_e'avy
nuclei with high charge resolution. This will allow definitive
the copper anode acts as a stop layer.

We have demonstrated) Tabrication of 5 e x 5 cm measurements on the nucleosynthesis origins of elements for

detectors with 400 um pitch,) Ztable proportional operation 26 < Z < 83. ENTICE was formerly a third part of AC-

. preen, brop pere CESS, but has been split off into a separate instrument. EN-
at a gas gair> 30,000 in Ar- and Xe-based gase$ ability . . . .

) : TICE is lead by Dr. R. BinngWashington U. in St. Loujs

to sustain repeated breakdown with no performance degrada- ) -
) i X . rs. Barbier and Christian lead the Goddard work on EN-
tion, 4) nominal proportional operation and good electron_l_ICE
collection efficiency with FWHM energy resolution of 20% '
with 6 keV x-rays, and 10% resolution with 20 keV, and 5

< 160 um x-ray spatial resolution. 5.13 Extremely Heavy Cosmic-ray Composition

Observatory (ECCO)

5.9 Isotope Magnet Experiment(ISOMAX ) Dr. Barbier was the NASA Study Scientist for the Ex-
tremely Heavy Cosmic-ray Composition Observatory
Some of the most significant questions in the field of par{EccO - an International Space Station mission. ECCO,
ticle astrophysics can be addressed by measurements of thg. Andrew WestphdLBL) PI, is an extension of the
isotopic composition of the cosmic radiation. In particular, TREK/MIR experiment that found that Pb is under abundant
measurements of the radioactive clock isotdfe, which  in the cosmic-rays. Since Pb is easily ionized, this contra-
has a half-life of 1.6 million years, will allow strong con- dicts standard models of the cosmic-ray source as being a
straints to be placed on models of cosmic ray transport in thgp|ar-like, ionized medium. ECCO will measure the rare ac-
galaxy. To make such measurements, the HECR group hagides(Th, U, Np, Pu, Cmwith high accuracy for the first

developed a new magnetic rigidity spectrometer for balloontime, which will help our understanding of the true cosmic-
borne flight, the Isotope Magnet ExperimeiSOMAX).  ray source.

ISOMAX is a collaboration of GSF(Drs. Streitmatter, Bar-

and graduate student S. Ggievith Caltech(Drs. R. Me- ] _
waldt, S. Schindler and G. DeNolfand the U. of Siegen Dr. Barthelmy continues the development and operations
(Dr. M. Simon and students T. Hams and H. Gogbafter ~ Of the GCN systeniused to be called BACODINE There

a successful first flight in the August 1998, a second flight in@re three parts to the GRB Coordinates Netwotkthe real-

original BACODINE system (2) the near-realtime distribu-
. tion of GRB locations detected by other spacecraft, @)d
5.10 Trans-Iron Galactic Element Recorder(TIGER) the distribution of follow-up observation reports submitted

Dr. Christian has lead the HECR groups’ efforts in a col-by the GRB communitfGCN Circulars.
laboration with Washington U. in St. Loui®rs. R. Binns The original BACODINE portion of the system is con-
and P. Hink, U. of Minnesota(Dr. J. Waddingto and tinuing to successfully send gamma- ray burst source coor-
Caltech(Drs. R. Mewaldt, S. Schindler, and M. Wieden- dinates to the community in real time. The BATSE portion
beck on the Trans-lron Galactic Element Record@t- of the telemetry from CGRO is monitored for the onset of a
GER), a balloon-borne instrument which will measure the GRB, and its source coordinates are calculated in RA and
elemental composition of the heavy component of the cosPec and are serlas the burst may still be taking place
mic radiation for comparison with solar system abundancessites that can make multi-band follow-up observations. The
TIGER has been selected as the first payload for the Ultravorst-case time delay is little over 5 seconds. The accuracy
Long Duration Balloon(ULDB) program, with a 100-day of the location depends on the intensity of the GRB and
flight planned for 2001. varies in radius over several degrees, depending on the burst
brightness.

The GRB Coordinates NetworlGCN) has generalized
BACODINE by adding inputs from other GRB instruments/

The HECR group has begun work on a balloon instrumenspacecraft, including the interplanetary netw@rRN) and
(called NIGHTGLOW to measure the atmospheric UV GRO-COMPTEL, RXTE-PCA/-ASM, BeppoSAX-WFC/-
background in the 300 - 400 nm range. The emission in thiéNFI, Wind-Konus, NEAR-XGRS, and extreme UV-
wavelength region is critical to the OWL mission - which transients from ALEXIS. These burst locations plus the
images UHE air showers from nitrogen fluorescenceBATSE- derived locations provide a wide range of time de-
NIGHTGLOW (Dr. Barbier, P} is a collaboration with the lays (seconds to houysand range of error box sizes
U. of Utah(Dr. E. Loh) and consists of 3 optical telescopes, (arminutes to degregsThe global GCN client list includes

5.11 Nightglow
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over 70 optical, radio, x-ray, gamma-ray, and air-showercapable of focusing 20-40 keV photons will be started Fall
telescopes and instruments. The coordinates for all thesE999. The program is named InF@GS (see Section 5)7
sources are distributed via direct Internet socket connections,

or by electronic mail, alpha-numeric pagers, cell-phones5.16 Public and Education Outreach

and/or dedicated phone lines. . . .
The GCN Circulars close the loop on the study of GRBs. The Laboratory for High-Energy Astrophysics continues

by allowing the follow-up observer to report his/her results'ts outstanding educational and public outreach program with

to the scientific community in a rapid fashion. People arethe release of new products and strong representation at na-

added to a distribution list which allows them to submit shorttlonal and regional meetings. . .
. : The LHEA outreach group released, for the third year in a
reports(a few paragrapbsabout their follow-up observations LT X . .
and these reports are automatically distributed to everyonreow’,a CD'ROM. capturing 1ts e_ducat_|onal wep sites. Th|_s
on the list(within a minute. year's CD con_tams four sites, mc_ludmg Imagine the Uni-
verse!, StarChild, the Astronomy Picture of the Day, and the
AstroCappellga package of astrophysically correct songs by
a professional a capella group, the Chromatidds. M.
The foil mirror group is led by Dr. Serlemitsos with col- Bene, Ms. M. Masetti, Ms. J.A. Hajian, Drs. Fantasia and
laboration by Drs. Soong and Chan. The technology of usingVhitlock prepared and released Volume 3 of the CD-ROM.
thin-foil mirrors for space flight X-ray telescopes has beenFor this version, Ms. Bene converted all of the cgi activities
developed at Goddard for more than two decades. Two migo javascript, so that the interactive features were available in
sions, BBXRT in 1990 and ASCA in 1993, were born out of this format. The CD-ROM, which is given out free to edu-
this technology, and a third one, Astro-E, is scheduled to b&ators and the public, is one of the LHEA outreach group’s
launched in February 2000. These broad béeergy re- most popular items. It is both Mac and PC compatible and
sponse up to 10 ke)y high throughput, and light-weight tele- comes with all the necessary software. The LHEA outreach
scopes provide the X-ray astrophysical community a powereontinues to expand our programs beyond the web site, with
ful tool to probe deeper into space. the development of a third set of posters and activity books,
The aperture of the telescopes has steadily increased, as the topic Gamma Ray Bursts. The outreach group pro-
well as the sensitivity, while the image quality has improvedduced a second CD-ROM this year, which includes 15 mis-
from 3.5 to the current 1.0 The improvement came from sion pages, three learning CentéX§E, ACE, and Astro-
reducing the surface roughness at millimeter spatial waveand a Cosmic Distance Scale feature.
lengths on the mirror surface. The so-called orange-peel The LHEA outreach group represented the Structure and
roughness on the 150-micron aluminum substrate wagvolution of the Universe theme at many national and re-
greatly reduced by the process of surface replication. We argional meetings, including the National Science Teacher's
now achieving 3-5 Angstrom RMS in surface roughness inAssociation and the National Council for Teachers of Math-
the range between millimeter to sub-micron level. The mir-ematics annual meetings, the Science Teachers of New York
rors use the conical approximation, which gives a theoreticabtate meeting, and two American Astronomical Society
limit of image half power diameter of about 0.Based on meetings.
current telescope focal lengths of 4-5 m. There is still ground
to be gained before the step to Wolter curved reflecting surPUBLICATIONS
face geometry. The residual errors are:ciirvature of the Akerlof, C., Balsano, R., Barthelmy, S., Bloch, J., Butter-
foil along the optical axis, Pround error of the foil, and )3 worth, P., Casperson, D., Cline, T., Fletcher, S., Frontera,
error of the holding fixture and the alignment procedure in F., Gisler, G., Heise, J., Hills, J., Kehoe, R., Lee, B.,
general. Since delivery of five telescopes for Astro-E, work Marshall, S., McKay, T., Miller, R., Piro, L., Priedhorsky,
has proceeded on the above problems in order to advance W., Szymanski, J., Wren, J. 1999, “Discovery of Con-
into the next generation of X-ray telescopes of high sensitiv- temporaneous Optical Radiation from a Gamma-Ray
ity and better image quality. Burst,” Nature, 398, 400
The five telescopes on board of Astro-E spacecraft are i\ngelini, L., Church, M.J., Parmar, A., Balucinska-Church,
two groups. Four of them have a 4.75 m focal length and will M., Mineo, T. 1998, “Discovery of a New 107s X-ray
be on top of four CCD detectors, which are provided by a Pulsar 1SAXJ13244200,” A&A, 339L, 41
group at MIT. The single one has a slightly shorter focalAraya, R.A., Harding, A.K. 1999, “Resonant Cyclotron Line
length of 4.5 m and will be on top of the microcalorimeter, Features from Near-Critical Magnetic Fields: The Effect
which has an unprecedented 10 eV energy resolution, and of Optical Depth and Plasma Geometry,” ApJ, 517, 334
thus will provide a powerful tool to study the emission pro- Arnaud, K., Mushotzky, R. 1998, “A Dusty X-Ray Absorber
cesses of X-ray sources in detalil. in the Perseus Cluster?,” ApJ, 501, 119
Another front in high-energy astronomy is to broaden theAsai, K., Dotani, T., Nagase, F., Ebisawa, K., Mukai, K.,
energy band beyond 10 keV. We are currently engaged in Smale, A., Kotani, T. 1998, “ASCA Observation of the
multilayering of the reflecting surface for that purpose. The Supersoft X-Ray Source CAL 87,” ApJL, 503, 143
preliminary results show the feasibility of enhancing the re-Baoezio, M., Carlson, P., Francke, T., Weber, N.,.,
sponse between 20-40 keV at different levels depending on Mitchell, J., Ormes, J., Streitmatter, R., Golden, R.,
the material and thickness arrangement of the layering pro- Stochaj, S. 1999, “New Measurement of the flux of At-
cess. A planned high altitude balloon flight with a telescope mospheric Muons, ” Phys Rev Lett, 82, 4757

5.15 Foil Mirrors for X-Ray Telescopes
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