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This report covers the astronomy-related activities of the2. OBSERVATIONAL ASTRONOMY &

Center for Earth Observing and Space Rese@@&0OSR, a  MULTIFREQUENCY DATA ANALYSIS

component of the School of Computational Scien(®@69 Jie Zhang, K. P. Dere, R. A. Howar8IRL), and V. Both-

at George Mason University, for the period October 1, 200Imer (MPI, Germany have identified the solar coronal mass

to September 30, 2002. Faculty and postdocs in the CEOSEjection (CME) sources for 27 major geomagnetic storms

program were J. Beall, P. Becker, R. Ellsworth, J. Guillory,occurring between 1996 and 2000. Observations of CMEs

M. Kafatos, L. Ozernoy, R. Sambruna, S. Satyapal, M. Sumand their solar surface origins were obtained using the Large-

mers, L. Titarchuk, A. Vourlidas, J. Wallin, K. Wood, R. Angle and Spectrometric CoronagraghASCO) and the

Yang, and J. Zhang. S. Roy was a visiting faculty memberExtreme-ultraviolet Imaging TelescogEIT) instruments on

Further program information is available at http:// the SOHO spacecraft. They find that 16 of the (BB%)

www.ceosr.gmu.edu. major geomagnetic storms are identified with unique FSH
CMEs. Six of the 27 event®2%) are associated with mul-
tiple FSH CMEs. These six events show complex solar wind
flows and complex geomagnetic activity, which are probably
the result of multiple halo CMEs interacting in interplanetary

1. INTRODUCTION space. A complex event occurs when multiple FSH CMEs

We begin by noting the sad passing of Dr. Leonid Ozer-2'€ produced within a short period. Folr5%) of the 27
noy, a respected colleague and friend. Dr. Ozernoy died 0ﬁvents are assomayed with partial hallo gradual CMEs emerg-
28 February 2002 after a long illness. He received his docind from the east limb. Zhang and his collaborators believe
torate in physics and mathematics in 1971 from the P. Nthat the CMEs are longitudinally extended, having a compo-

Lebedev Physics Institute in Moscow, where he worked as gent mpving along th? Sun-Earth connection line. One of the
senior research scientist from 1971-1986. He completed hi 7 major geomagnetic storms was caused by a Co-rotating

dissertation under the guidance of Dr. Vitaly Ginzburg, one nteraction Re_g|on. They find an asymmetry:in the longitu
. ; . dinal distribution of solar source regions for the CMEs re-

of the most senior Soviet astrophysicists. Dr. Ozernoy was a : . . .
- o . . N Sponsible for major geomagnetic storms. The average transit
prolific scientist with a broad array of interests in fields as_. . ;
tl(me for a solar CME to arrive at the near-Earth space is

diverse as cosmology, active galaxies and quasars, bla(%ound to be 64 hours, while it takes 78 hours on average to

holes, pulsars, and the evolut_|on_of the solar system. H?each the peak of the geomagnetic storm. The results will
made many fundamental contributions to these areas as ay-

ear in the Astrophysical Journal.
thor or coauthor of over 280 scientific publications, as well PP Py
as several books. In particular, he performed groundbreaking g Ack HOLE & NEUTRON STAR ACCRETION
studies of the central black hole in the Galactic nucleus, and Menas Kafatos and Prasad Subramani&iCAA, India)

the astrophysics c.)f magneFOId objects, postulated to exist "Bre examining scenarios of black hole inner disk instabilities
the centers of active galaxies.

. L . . as a possible origin for plasmoid ejection from active galac-
The interdisciplinary doctoral program in Computational P g P ) 9

Sci d Inf ! fered by the School of C ¢ tic nuclei. The inherent assumptions are that the intrinsic
clences and Informatics ofiered by the School of Lomputaa o ariapilities are tied to disk instabilities and that per-

tional Sciences recognizes the importance of numerical Con;, g the plasmoid ejection is also tied to these instabilities.
putatlon as a unifying theme in moder.n research and educaf-hey are looking at how the viscosity can play a role in the
tion. The doctoral program, begun in the Fall of 1992, o process.

focqses on a number of spepialty areas, including bioinfor-  pater Becker and graduate student Truong Le have con-
matics, computational chemistry, Earth systems and globg|n eq to study the physical processes operative in viscous
change, computational mathematics, computational physicgccretion disks surrounding non-rotating black holes. Their
space sciences, and computational statistics. The prografost recent workBecker and Le 2003has focused on a
emphasizes three intellectual elements: a common computggorous determination of the inner boundary conditions for
tional core; computationally intensive science courses; angdyection-dominated accretion disks. General relativistic ef-
doctoral research. SCS Space Sciences faculty are involvadcts are included by utilizing the pseudo-Newtonian poten-
in many ongoing collaborations with scientists at the Navalial. In their latest work, they are analyzing the possible ef-
Research Laboratory and NASA/Goddard Space Flight Cerfect of a shock in the disk on the acceleration of relativistic
ter. SCS also maintains active relationships with a number oparticles that may escape from the disk to form a wind or jet.
high-technology corporations in the Washington, D.C. areaThe model also self-consistently accounts for the structure of
Many members of CEOSR participate in the Washingtonthe disk.

Area Astronomers Association, a regional organization of Lev Titarchuk, Charles Bradshaw, and Kent Wood have
professional astronomers stretching from Charlottesville tpresented a method for determining the B-field around neu-
Baltimore. tron stars based on observed kilohertz and viscous quasi-
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periodic oscillation(QPO frequencies used in combination Rossi X-Ray Timing Explorer. Despite the short time dura-
with the best-fit optical depth and temperature of a Comptions (~5 9), these bursts show a radial expansion on the
tonization model. In the framework of the transition layer order of several neutron stéNS) radii. We apply the ana-
QPO model, they analyze the magnetoacoustic WM )  lytical models of spectral formation during the expansion
formation in the layer between a neutron star surface and thend contraction stages to derive the physical conditions for
inner edge of a Keplerian disk. They derive formulas for thethe matter in the burning zone close to the surface of the NS
MAW frequencies for different regimes of radial transition as well as to derive the NS’s mass-radius relation. Their re-
layer oscillations. Titarchuk and his collaborators demon-sults, combined with statistical errors, show that the central
strate that their model can utilize the QPO as a new kind oPbject is a compact star with a mass of 1.4 solar masses and
probe to determine the magnetic field strengths for 4U 1728 radius of~9 km. These results favor the softer equation of
42, GX 340+0, and Scorpius X-1 in the zone where the state for NS matter.
QPOs occur. Observations indicate that the dependence of Lev Titarchuk has presented a detailed investigation into
the viscous frequency on the Keplerian frequency is closelyhe accuracy of the quasi-periodic oscillatioQPO fre-
related to the inferred dependence of the MAW frequency ofluency determination. The QPO phenomenon seen in X-ray
the Keplerian frequency for a dipole magnetic field. Thebinaries is possibly a result of the resonance of the intrinsic
MAW dependence is based on a single parameter, the ma@eiger) oscillations and harmonic driving forces of the sys-
netic moment of the star, as estimated from the field strengtfemM. He shows that the resonances, in the presence of the
in the transition layer. The best-fit magnetic moment paramdamping of oscillations, occur at frequencies that are system-
eter is about (0.51)x10?° G cm for all studied sources. atically and randomly shifted with respect to the eigenfre-
From observational data, the magnetic fields within distance§uencies of the system. The shift value strongly depends on
less than 20 km from the neutron star for all three sources ard'® damping rate that is measured by using half-width of the
strongly constrained to be dipole fields with the strengths ofQPO feature. Taking into account this effect, Titarchuk has
10(7)-10(8) G on the neutron star surface. analyzed the QPO data for four Z sources, Scorpius X-1, GX
Titarchuk and Laurent demonstrated that the X-ray spec340+0, GX 5-1, and GX 1#2, and two atoll sources, 4U
trum of a converging inflowCl) onto a black hole is the sum 1728-34 and 4U 061409. The transition-layer model
of a thermal(disk) component and the convolution of some (TLM) predicts the existence of an invariant quantity, an
fraction of this component with the Comptonization spreadnclination angle of the magnetospheric axis with respect to
(Green’s function. The latter component is seen as an exthe normal tp the disk. 'Ijtarchuk shows that the inferred
tended power law at energies much higher than the chara¥@!ues for this angle are in the range between 5.5 and 6.5
teristic energy of the soft photons. They show that the highge_zgrees. He concludes that the TLM seems to be compatible
energy photon productionsource functiop in the ci  With the data.
atmosphere is distributed with the characteristic maximum at
about the photon bending radius, 1sindependently of the 4- RADIATION HYDRODYNAMICS
seed(soft) photon distribution. We show that high-frequency  Lev Titarchuk and graduate student Nick Shaposhnikov
oscillations of the soft photon source in this region leads tdave presented an analytical theory of thermonuclear X-ray
the oscillations of the high-energy part of the spectrum buburst atmosphere structure. Newtonian gravity and the stan-
not of the thermal component. The high-frequency oscilladard diffusion approximation are assumed. Hydrodynamic
tions of the inner region are not significant in the thermaland thermodynamic profiles are obtained as a numerical so-
component of the spectrum. They further demonstrate th#ition of the Cauchy problem for the first-order ordinary dif-
Doppler and recoil effect@vhich are responsible for the for- ferential equation. They further elaborate a combined ap-
mation of the CI spectrujrare related to the hargbositive proach to the radiative transfer problem that yields the
and soft(negative time lags between the soft and hard pho-spectrum of the expansion stage of X-ray bursts in an ana-
ton energy channels, respectively. Iytical form in which Comptonization and free-free
Kent Wood, Lev Titarchuk, Paul Ray, Michael Wolff, and absorption-emission processes are accounted for. A relax-
Michael Lovellette(NRL) developed a model that treats the ation method on an energy opacity grid is used to simulate a
two outbursts as episodic mass deposition at the outer raditigdiative diffusion process in order to match the analytical
of the disk followed by evolution of disk structure according form of the spectrum, which contains the free parameter, to
to a diffusion process. We demonstrate that light curves withe energy axis. Numerical and analytical results show strong
fast-rise, exponential decay profile are a general consequenéénilarity. All spectra consist of a power-law soft component
of the diffusion process. Deconvolution of the light curve @nd a diluted blackbody hard tail. They derive simple ap-
proves to be feasible and gives an input function Specifying/oximation formulae suitable for mass-radius determination
mass deposition at the outer disk edge as well as the tot&y observational spectral fitting.
mass of the disk, both as functions of time. The derived
evolution of total disk mass can be correlated with the ob5. EXTRAGALACTIC ASTRONOMY &
served evolution of the similar to 0.1 Hz QPO in the sourceCOSMOLOGY
reported by Woockt al. Sisir Roy and Menas Kafatos have proposed new labora-
Lev Titarchuk and graduate student Nick Shaposhnikoutory experiments using He-Ne lasers to verify the Doppler-
have studied the spectral and temporal properties of threlke shift of frequency as developed in their theoretical
type | X-ray bursts observed from Cygnus X-2 with the framework. Data for variation of the full width at half maxi-
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mum of different spectral lines from quasars as a function ofets of the sample have been acquired and are in the process
z can be combined with the variation of the number densityof being analyzed. It is found that the rate of detection at
with z to explore the possibility of multiple scattering in the X-rays and optical of the radio jets is comparat88-70%.
environment of quasars. Comparing the multiwavelength morphologies, a variety of

Roy and Kafatos have also revisited the concept of nonsituations is apparent, indicating a range of physical condi-
locality as verified in recent laboratory experiments over dions. Detailed modeling of the Spectral Energy Distributions
distance of 12 km, by considering the non-commutativity of(SEDS is in progress. It is found that inverse Compton scat-
the operators, as well as symmetry breaking. A geometri¢ering of the Cosmic Microwave Background photons is the
description(using sheaf cohomologyor EPR nonlocality as dominant process responsible for the X-ray emission, imply-
well as the Bohm-Aharanov nonlocal correlation has beerng relativistic bulk motionlGamma $ on kiloparsec scales
proposed. (Sambruneet al. 2002.

Shobita Satyapal’'s research efforts focused on an infrared Together with graduate student Jessica Gambill, Sam-
spectroscopic study of ultraluminous infrared galaxiesoruna studied the X-ray spatial and spectral properties of the
(ULIRGs) and nearby lower luminosity Low lonization X-ray cores(Gambill et al. 2002 There is no evidence for
Emission Line RegionéLINER) galaxies. In particular, she diffuse X-ray emission around the nuclei, implying that in
found that virtually all of the ULIRGs and LINER galaxies these source@mostly FRII9, the jets propagate freely. The
observed by Infrared Space Observatt§O) show spectra SPectra are generally described by power laws with average
dramatically different from typical starburst galaxies or Photonindex 1.7, and no difference between core- and lobe-
AGN: virtually no high excitation lines characteristic of dominated sources. In one source, evidence for an &e K
AGN narrow line regions are detected in the mid-IR and lowemission line is found, making this one of the few luminous
excitation far-IR spectra are observed. In collaboration witadio-loud quasars where the line was detected so far.

M. Luhman (IDA), J. Fischer(NRL) and others, Satyapal A Study of the ASCA and BeppoSAX spectra of 4 lumi-
conducted &ClI1] 158 micron survey of 15 ULIRGs showing "Nous radio-loud AGN was performed by Sambruna together
that, relative to the far-infrare@FIR) dust continuum, the with Micheal Eracleous and undergraduate student Christa
[CII] flux from ULIGs is 10% of that seen from nearby nor- Hasenkopf at PSU. The X-ray spectra show the presence of a
mal and starburst galaxies. This result could have importart'oNg Fe Kx emission line in 3/4 cases, with an Equivalent
implications for the usefulness of tfi€ll] line as an even- Width consistent with that of radio-quiet AGN of similar
tual tracer of high-redshift protogalaxies, which may re-luminosity (Hasenkopf, Sambruna, & Eracleous 2002
semble the disturbed ULIGs at low redshift observed in this Sambruna, together with S. Gallagher and others at PSU
study. studied the complex X-ray emission of the Ultraluminous IR

In an effort to better understand the central energy sourced®@xy Mrk231 with ChandraGallagher et al. 2002. A
in LINER galaxies, Satyapal initiated a multiwavelength heavily absorbed point source, coincident with the nucleus of

study of nearby infrared-bright LINER galaxies. Graduate!l® 9alaxy, was detected embedded in diffuse X-ray emisison
student Rachel Dudik analyzed archival mid-infrared SpeCpOSS|ny associated with the starformation region. These data

troscopic observations of all 26 LINER galaxies observed b)ﬁhed further light on the origin of the X-ray emission in
ISO; undergraduate student Mona Sanei analyzed the faHLIRGS' .

infrared spectroscopic observations of all 40 LINERS in the|yz§§rggﬁi3:i FzG)ll'(r)éch)(t?s'\élrL\J/)a;tiggg oI?:\?vgiZuaS:bP;gro:\gal-_ine
ISO archive; and undergraduate John McNugyU), in col- ) . o -
laboration with Rita Sambruna, analyzed the X-ray archivaRad'o Galaxies, 3C120 and 3C39C('GI'OZ.Z' et al. 2002. .
observations from the Chandra X-ray Observatory of the 3 h_e X-ray da_ta were part of a long mulUwgveIength_ monk-
LINER galaxies with joint infrared spectroscopic observa-°11Ng campaign of the two sources, spanning a period of 3

tions. This project has led to some exciting and unexpecte o_ntg_sl_.t S|gn|f|c§nt Iortljgf{wet()a kt?\ and shorg((tjayts)h terrbnt
results: 3 In comparison with normal, starburst, and stan-/arabiiity was observed for both sources, but with substan-

dard AGN, the LINERs display a low excitation far-infrared t'ﬁ”ﬁ dlff(\a/\rle?t beharVIors.d Inn 3CI3?10'3r’ tsﬂgrger—termw;‘]liﬁjx in
spectrum with some of the weakd§lll] 158 micron emis- changes were SUperposed on a longer-te ecay, e

sion yet seen, PLess than a quarter of the LINER galaxies 3C120, the flux flickers on a more rapid timescale. These

observed show strong detections of high excitation mid-IRreSUItS were _interpreted in the C(_)nte_xt O.f an accretion disk
fine structure line emission characteristic of AGN,)3ray Jet model, with the former dominating in 3C390.3 and the

nuclear point sources morphologically consistent with AGNIatter In 3C120.

is seen in>50% of the sample, and 4everal sources which

show strong X-ray nuclear point sources do not show thé. COMPUTATIONAL ASTROPHYSICS AND

high excitation lines characteristic of AGN in the mid- DYNAMICAL ASTRONOMY

infrared. With the advent of SIRTF and other future multi-  During the last year, John Wallin worked with Dr. James

wavelength missions, it is critical to determine why theseHigdon (Cornell to complete a set of preliminary models of

multiwavelength diagnostics do not result in a self-consistenthe interaction that created the jets in NGC 1097. These in-

picture of the dominant energy mechanism in these classes tdractions model the destruction of a compact spiral as it

galaxies. passes through the disk of a disk dominated spiral that is a
Rita Sambruna continued her study of relativistic X-raythousand times more massive. During the interaction, the

jets in AGN. All the Chandra and HST observations of the 17rotation of the compact galaxy's disk combined with the
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strong tidal forces during the interaction create two narrow These results will eventually allow accurate estimatation

streams of stars. These narrow streams evolve into jet-likef the line emission from the broad-line regiBLR) clouds

features that have similar morphology to those in NGC 1097in active galactic nucle(AGN). Beall, Guillory, and their

including the strange dog-leg feature seen in the north-easbllaborators intend to compare these computational and

jet. analytical results with line emission measures from observa-
Work was also published in the Journal of Computationattions; specifically, the ratio of Fell/td, as a test of the

Physics with GMU students J. Waltz, G. Page, S. Milder, andghotoionization vs. the relativistic jet ionization model for

A. Antunes comparing the the efficiency of K-D and Barnes-the BLR of AGN.

Hut trees for gravity calculations and nearest neighbor

searches for SPH calculations. BH trees show a decisive ad-

vantage for gravity calculations for most test cases consid- UBLICATIONS

ered, while the K-D trees show advantages for nearest neiglékm_al' A., Raymond, J. C., Vourlidas, A., Thompson, B.,
bor searches. Ciaravella, A., Ko, Y.-K., Uzzo, M., & Wu, R. 2001,

J. Wallin also worked on formulating Local Polynomial "SOHO Observations of a Coronal Mass Ejection,” ApJ,

L . . . . 553, 922

Regression into an ALE framework in multiple dimensions. o . . .
This system reformates particle-base hydrodynamics in gastlan,T. S Pick, M., Kerdraon,A., Ma|a, D., &Vour_l|da§,
form similar to edge-based finite element methods with more A'. 2001, The Corona_l Mass Ejection ,,Of 1998 April 20:
complex connectivity. It also shows promise for solving hy- Direct Imaging at Radio Wavelengths,” ApJ, 558, L65
drodynamical problems with poorly conditioned grids. Bag;rr,n':i.reE”GBeranggs\:)Vi. g saNrggsp?_" Rz’og/ll “ihg;]t:ﬁ’dg"

The parallel N-body code mass99 being developed b oo ey o ' .
Wallin aﬁd students atéMU was tested on tﬁe 67-n0§e Beg- Study of the Circinus Galaxy Point-Source Population,
wolf cluster. Although additional optimization is needed, AJ, 122, 182 B . o,
runs with several million particles are now possible. Be_all, J.H. 2001.’ Jets N Astrophysics,” Journal of the ltal-

John Guillory has also taken over the Interplanetary Dusb lan Astronomical Society, 73, 379“ .
and COBE/DIRBE Data graiffNASA) on the death of Prof. eall, J. H., & Bedn_arek, W. 2002, I\’I,eutrlnos from Early-
Leonid Ozernoy. Under this program graduate student Rus- Phase, Pulsar.—Drlven Supernovae,” ApJ, 569, 343: .
sell Youmans has now simulated gravitational orbits for aBeaII,.J._H., Guillory, ‘].' .U'.’ & Rofe’ D. V. 2001, Lme
distribution of comet fragments with distributed initial ve- Emission 'from Rglat|V|st|c Jets,” Journal of the talian
locities and masses and with emission rates a sittiperse Astronomical Society, 73, 39? .
square function of the sun-comet distance. This work is aBeck_e_r, P. A, & Kazanas, D Exact Expre_ssmns for the
preliminary study that will lead to a larger set of simulations Cr|t|ca_l Mach N‘_’T”bers n tt]e Two-Fluid Model - of
of dust generation and dynamics, and to the determination oé Cosmic-Ray Modified Shoclfs, 2001, ApJ, 546, 429
the zodiacal light distribution based on the physics of the ecker, P. A‘.& Le, T." 2003, Inngr Boundary Condmon?
dust scattering. fgpr)JA?r\]/(;crggg-Dommated Accretion onto Black Holes,

Becker, P. A., Subramanian, P., & Kazanas, D., “Relativistic
Outflows from Advection-Dominated Accretion Disks
7. RELATIVISTIC JET INTERACTIONS around Black Holes,” 2001, ApJ, 552, 209
James Beall has continued to work with Dr. Wlodek Collinge, M. J., Brandt, W. N., Kaspi, S., Crenshaw, D. M.,
Bednarek(Univ. of Lodz, Lodz, Polandon the gamma-ray Elvis, M., Kraemer, S. B., Reynolds, C. S., Sambruna, R.
emission produced by the interaction of relativistic jets with M., & Wills, B. J. 2001, “High-Resolution X-Ray and
the broad-line regions in active galaxies. Several blazars emit Ultraviolet Spectroscopy of the Complex Intrinsic Ab-
gamma-ray spectra that could be explained by such a pro- sorption in NGC 4051 with Chandra and the Hubble
cess. This is an extension of their previous work that ap- Space Telescope,” ApJ, 557, 2
peared in the Astrophysical Journal in 1999. Beall and~omalont, E., Geldzahler, B., & Bradshaw, C. 2001, “Scor-
Bednarek are also studying neutrino production in supernova pius X-1: The Evolution and Nature of the Twin Compact
explosions and possible observational implications. Radio Lobes,” ApJ, 558, 283
John Guillory, James Beall, and former student DaveFomalont, E. B., Geldzahler, B. J., & Bradshaw, C. F. 2001,
Rose (MRC Albuquerqug continue to study the mecha- “Scorpius X-1: Energy Transfer from the Core to the Ra-
nisms by which relativistic jets in active galaxies interact dio Lobes,” ApJ, 553, L27
with the ambient medium to produce observable optical sigGallagher, S. C., Brandt, W. N., Chartas, G., Garmire, G. P,,
natures. During the past year, they have confirmed, using & Sambruna, R. M. 2002, “X-raying the Ultraluminous
PIC code simulations, earlier estimates of the expected lumi- Infrared Startburst Galaxy and Broad Absorption Line
nosity of line emission from the jets and shown that the jets QSO, Markarian 231, with Chandra,” ApJ, 569, 655
can add a significant high-energy tail to the Maxwell- Gliozzi, M., Sambruna, R. M., & Eracleous, M. 2002,
Boltzmann of the ambient gas. Using a modified version of “Long-term Continuous Monitoring of the Broad-Line
XSTAR (a photoionization code written by Tim Kallmgn Radio Galaxies 3C390.3 and 3C120 with the Rossi X-ray
they have demonstrated how some of the line emission Timing Explorer,” ApJ, in press
strengths change due to variations in the high-energy taiGopal-Krishna, Subramanian, P., Wiita, P. J., & Becker, P. A.,
fraction in the particle distribution. “Are the Hotspots of Radio Galaxies the Sites of In-Situ
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Acceleration of Relativistic Particles?,” 2001, A&A 2001, “X-Ray Imaging of the Seyfert 2 Galaxy Circinus
Hasenkopf, C., Sambruna, R. M., & Eracleous, M. 2002, with Chandra,” ApJ, 546, L9
“X-Ray Spectra of Intermediate-Luminosity, Radio-Loud Sambruna, R. M., Maraschi, L., Tavecchio, F., Urry, C. M.,
Quasars,” ApJ, 575, 127 Cheung, C. C., Chartas, G., Scarpa, R., & Gambill, J. K.
Hayes, A. P., Vourlidas, A., & Howard, R. A. 2001, “Deriv- 2002, “A Survey of Extended Radio Jets in AGN with
ing the Electron Density of the Solar Corona from the  chandra and HST: First Results,” ApJ, 571, 206
Inversion of Total Brightness Measurements,” ApJ, 548’Sambruna, R. M., Maraschi, L., Urry, C. M., Tavecchio, F.,
1081 . Scarpa, R., Cheung, T., Chartas, G., & Pesce, J. E. 2001,
Ho, L. C., Fggelson, E.D., Townsleyz ,L' K., Sambruna,' R. “Chandra Observations of the X-ray Jet of 3C 273,"ApJ,
M., Garmire, G. P., Brandt, W. N., Filippenko, A. V., Grif- 549, L161

flthg, R.E., Ptak, A. F., & Sargent, W L. W. 2001, D? Sambruna, R. M., Netzer, H., Kaspi, S., Brandt, W. N., Char-
tection of Nuclear X-Ray Sources in Nearby Galaxies :
: . tas, G., Garmire, G. P., Nousek, J. A., & Weaver, K. A.
with Chandra,” ApJ, 549, L51 . i
2001, “High-Resolution X-Ray Spectroscopy of the Sey-

Kaspi, S., Brandt, W. N., Netzer, H., George, |. M., Chartas, o i )
G. Behar, E., Sambruna, R. M., Garmire, G. P., & fert 2 Galaxy Circinus with Chandra,” ApJ, 546, L13

Nousek, J. A. 2001, “High-Resolution X-Ray Spectros- Shaposhnikov, N., & Titarchuk, L. 2001, “Spectra of the

copy and Modeling of the Absorbing and Emitting Out-  EXpansion Stage of X-Ray Bursts,” ApJ

flow in NGC 3783,” ApJ, 554, 216 Still, M., O'Brien, K., Horne, K., Boroson, B., Titarchuk, L.
Khanna, F., Mann, A., Revzen, M., & Roy, S. 2002, “Bell's ~ G., Engle, K., Vrtilek, S. D., Quaintrell, H., & Fiedler, H.

Inequality Violation and Symmetry,” Phys. Lett. A, 294, 1 2001, “Atmospheric Reflection During an Anomalous
Korendyke, C. M., Vourlidas, A., Cook, J. W., Dere, K. P., Low State of Hercules X-I,” ApJ, 554, 352

Howard, R. A., Morrill, J. M., Moses, J. D., Moulton, N. Titarchuk, L., Bradshaw, C. F., Geldzahler, B. J., & Foma-

E., & Socker, D. G. 2001, “High Resolution Imaging of  lont, E. B. 2001, “Normal-Branch Quasi-Periodic Oscil-

the Upper Solar Chromosphere: First Light Performance lations in Scorpius X-1: Viscous Oscillations of a Spheri-

of the Very-high-resolution Advanced Ultraviolet Tele-  cal Shell Near the Neutron Star,” ApJ, 555, L45

scope,” Sol. Phys., 200, 63 Titarchuk, L., Bradshaw, C. F., & Wood, K. S. 2001, “B-
Krawczynski, H., Sambruna, R., and 56 other authors, 2001, Fie|d Determination from Magnetoacoustic Oscillations

“Simultaneous X-Ray and TeV Gamma-Ray Observation i, kHz QPO Neutron Star Binaries: Theory and Observa-
of the TeV Blazar Markarian 421 during 2000 February tions,” ApJ, 560, L55

and May,” ApJ, 559, 187 Titarchuk, L., & Osherovich, V. 2001, “Classification of

Lalggntérgés%f-g'(t_?:hél:ﬁisl‘s;ioznogi’m Ezggnsgg iﬁpe;g\?\/ls Power Density Spectrum Features and Estimation of the
P Y ging Delta-Invariant Value for the Z Source GX 340,” ApJ,

onto Black hole: Monte-Carlo Simulations,” ApJ 555 55
Marshall, H. L., Urry, C. M., Sambruna, R. M., Pesce, J. E.__ ' . .
2001, “EUVE Observations of PKS 2155-304: Variabil- Titarchuk, L., & Shrader, C. 2001, “Black Hole Candidates

ity, Spectra, and a Polarization Measurement Attempt,” Weigh In,” Physics quay, 54, 82 )
ApJ, 549, 938 Waltz, J., Page, G. L., Milder, S. D., Wallin, J. & Antunes, A.
Pesce, J. E., Sambruna, R. M., Tavecchio, F., Maraschi, L., 2002, Journal of Computational Physics, 178, 1-14
Cheung, C. C., Urry, C. M., & Scarpa, R. 2001, “Detec- Wood, K. S., Titarchuk, L., Ray, P., Wolff, M., Lovellette,
tion of an X-Ray Jet in 3C 371 with Chandra,” ApJ, 556, M., & Bandyopadhyay, R. 2001, “Disk Diffusion Propa-
L79 gation Model for the Outburst of XTE J1138180,” ApJ
Rose, D. V., Guillory, J. U., & Beall, J. H. 2002, “Compari- Yang, R., Deng, X., Kafatos, M., Wang, C., & Wang, X.
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