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This report covers the astronomy-related activities of theAO 0235+164. Cross-correlation analysis of optical and ra-
Center for Earth Observing and Space Rese@®&0OSR, a  dio light curves has been performed using techniques devel-
component of the Institute for Computational Sciences an@ped at GMU.
Informatics (CSI) at George Mason University, for the  A. Vourlidas worked under contract at the Large Angle
period October 1, 1998 to September 30, 1999. Faculty andnd Spectroscopic CoronagradbASCO) project which is
postdocs in the CEOSR program were J. Beall, P. Becker, Rlown aboard the Solar Heliospheric Observat¢80HO
Ellsworth, J. Guillory, P. Hertz, M. Kafatos, K. Olson, L. satellite. LASCO is a Navy Research LabpratdiyRL)
Ozernoy, P. Subramanian, M. Summers, L. Titarchuk, Aproject and therefore he is stationed at NRL. His responsibi-
Vourlidas, J. Wallin, K. Wood, and R. Yang. S. Roy was alites at NRL include research and data analysis of solar ob-
visiting faculty member. Further program information is servations obtained with the LASCO instruments, and opera-
available at http://www.ceosr.gmu.edu. tions and science support tasks such as instrument calibration
and science planning. He also serves as the point of contact
for researchers interested in using LASCO data products. A.
Vourlidas is involved in several collaborative efforts with
1. INTRODUCTION members from Nancay Radioheliograph, Potsdam Radiohe-

The interdiscioli d | in C . IIiograph, DASOP, and WIND/WAVES. He has discovered 3
e Interdisciplinary doctoral program in Computational sungrazing comets in the LASCO images which are

Sme_nces and Infprmat|cs recognizes thg importance of n ocumented in IAUC 7204, IAUC 6952, and Minor Planet
merical computation as a unifying theme in modern researc

d education. The doctoral b i the Fall lectronic Circ. 1999-A24, and is also leading the effort in
and education. 1he doctoral program, begun in the Fall Ot,o cajipration and analysis of the LASCO/C1 coronagraph

1992, focuses on a number of specialty areas, including b white-light images. He also derived a correction for the
informatics, computational chemistry, Earth systems an ASCO/C3 F corona data

global change, computational mathematics, computational Student C. Bradshaw, along with B. Geldzahler and E.

physics, space sciences, a_nd computational stfanstlcs. Trf’—%malont,(NRAO) published a paper reporting the parallax
program gmphas_|zes three |_nteIIectu_aI elements: a comma Scorpius X-1 with an uncertainty of 10%, representing the
computatmngl sclences a.nd informatics core; specialty traclﬁshost precise parallax measurement to date for this source.
of computationally intensive courses; and doctoral researchl.he paper reports the results of eight VLBA observations at

CSI Space Sciences faculty are involved in many ongoing . . . .
. . o Hz, spanning 3 years, that yielded a trigonometic parallax
collaborations with scientists at the Naval Research Laborar0 P gy y 9 P

. r Scorpius X-1 of 0.00036'* 0.00004” corresponding to
tory and NASA/Goddard Space Flight Center. CS alsoa distance of 2.8t 0.3 kpc. This precise distance has im-
maintains active relationships with a number of high-

) . . portant implications for understanding the physics of low
technology corporations in the Washington, D.C. area. Mam{nass X-ray binary systems and their evolution and provides

members of CEOSR participate in the Washington Area ASEhe basis for testing a fundamental prediction of the unified

tronomers Association, a ' egional organization of prc’fefc"theory of these binary systems, namely that they radiate at
sional astronomers stretching from Charlottesville to Balti-

the Eddington luminosity at a particular point in their X-ray

more. cycle. The distance is also important for developing a clear
understanding of these high-energy systems that represent

2. OBSERVATIONAL ASTRONOMY & unique laboratories for studying radiation and matter in the

MULTIFREQUENCY DATA ANALYSIS presence of strong magnetic and gravitational fields and at

At CEOSR, work is continuing to extract information Nigh temperatures and pressures.

about the content of data in large data sets. Interactive,
content-based data mining capabilities developed for eartB- BLACK HOLE & NEUTRON STAR ACCRETION
science data systems can also be applied to space scienceM. Kafatos and P. Subramani&h999 have analyzed the
data. Also, GMU'’s experience in federated data systems imner region of accretion flows onto black holggHs) and
the internet erdKafatoset al. 1999 has application to dis- compared the predictions of differerent models with the ob-
tributed space sciences data systems. servations. They examined both accretion onto stellar BHs
A multi-institution collaboration involving George Mason and sypermassive BHs and the viability of scenarios such as
University, the University of Puerto Rico at Cumacao, Penrthe Advection Dominated Accretion FIo@ADAF). Most ac-
State, and University of Crete is focusing on multifrequencycretion scenarios such as two-temperature, ADAFs, and
observations of blazars. M. Kafatos, visiting faculty M. Roy corona-disk flows predict very hot inner regions. They also
and E. RamogUniversity of Puerto Rico at CumacadR.  found that a variety of physical mechanisms predict a viscos-
Sambruna(PSU), K. Tsinganos(Crete and Y. Papam- ity value,a < 0.01, which might be problematic for ADAFs.
astorakis (Crete, have carried out observations and data M. Bautista and L. Titarchuk studied the formation of the
analysis related to the recent high state of the BL Lac object-like iron (Fe XXVI) Ly-alpha line at 6.97 keV in narrow-
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line Seyfert 1 galaxies in the framework of current modelsforces within the inner few Schwarzschild radii. They have
for black hole accretion. They find that Fe XXVI Ly-alpha also examined the time behavior of these parameters which
emission is most likely formed by resonant fluorescence duean provide information on the source structure.
to the strong radiation field in the region near the black hole, Since the discovery of kHz quasi-periodic oscillations
or possibly in the interphase between a hot corona and th@POS in neutron star binaries, the difference between peak
optically thick alpha-disk. Alternatively, the line could be frequencies of two modes in the upper part of the spectrum
formed by collisional excitation at a temperature of approxi-has been studied extensively. The idea that this difference is
mately 12 keV in accretion flows dominated by advection, orconstant andas a beat frequentys related to the rotational
in gravitational accretion flows with strong shocks. For eitherfrequency of the neutron star has been tested previously. The
resonant fluorescence or collisional excitation the equivalengbserved decrease of that differnce when the upper and low
width of the Fe XXVI Ly-alpha line is a powerful tempera- peak of kHz QPO increase has weakened the beat frequency
ture diagnostic of the emitting region. They propose specifiGnterpretation. V. Osherovich and L. Titarchuk put forward a
observational tests to distinguish between collisional andjifferent paradigm: a Keplerian oscillator under the influence
resonant fluorescent excitation of the line. of the Coriolis force. For such an oscillator, the upper kHz
The accretion proceeds almost in a free-fall manner closg)po frequency and the assumed Keplerian frequency hold
to the black hole horizon, where the strong gravitational fieldyy ypper hybrid frequency relation: the square of the hybrid
dominates the pressure forces. L. Titarchuk and P. Laurenfequency equals to sum of square of the Keplerian fre-
used Monte-Carlo simulations to calculate the specific feaqUency and the square of the double rotational frequency of
tures of X-ray spectra formed as a result of upscattering O{he magnetosphere. For three sourc® X-1, 4U 1608-52
the soft(disk) photons in the converging inflo¢Cl) within and 4U 1702-42p they demonstrate that solid body rotation

about 3 Schwarzschild radii of the black hole. The full rela-is a good first order approximation. Within the second order

tivistic treatment has been implemented to reproduce the Ot?s?foproximation, the slow variation of the rotational frequency

served spectra. They show that.spectra in the soft state %? a function of the low kHz peak reveals the structure of the
black hole systems can be described as the sum of a therm

) . ) r%agnetospheric differential rotation. For Sco X-1, the QPO
(disk) component and the convolution of some fraction of . . .

. . . , . have frequencies around 45 and 90 Hz which they interpret
this component with the CI upscattering Green’s function.

The latter, boosted photon component is seen as an extendaa the 1st and 2nd harmonics of the lower branch of the

. . ._.Réplerian oscillations for the rotator not aligned with the
power-law at energies much higher than the characteristic :
energy of the soft photons. They demonstrate the stabilit 0?ormal of the disk.
9y b ; y y L. Titarchuk and V. Osherovich presented a dimensional

the power law spectral indgalpha= 1.8 = 0.1) over a wide analvsis of two characteristic time scales in the boundar
range of the plasma temperatfe10 ke\) and mass accre- ysl WO C Lenstic . ! u y
layer where the disk adjusts to the rotating neutron {&).

tion rates(higher than 2 in Eddington unijtsThe spectrum is The boundary | is troated ¢ i on betw
practically identical to the standard thermal Comptonization € boundary layer IS treated as a transition region between

spectrum when the CI plasma temperature approaches gBe NS surface and the first Keplerian orbit. The radial trans-

keV. In this case one can see the effect of the bulk motiorp,Ort of the angulgr momentum in this layer is contr(_)IIegI by a
only at high energies where there is an excess in the CYiSCOUS force defined by the Reynolds number, which in turn
spectrum with respect to the pure thermal one. is related to the mass accretion rate. They show that the

L. Titarchuk, K. Borozdin, M. Revnivtsev, S. Trudoly- observed low- Lorentzian frequency is associated with radial

ubov, and C. Shrader presented their analysis of the higt2Scillations in the boundary layer, where the observed break
energy radiation from black hole transients, using archivaff@duency is determined by the characteristic diffusion time
data obtained primarily with the Rossi X-ray Timing Ex- of the inward motion of the matter in the accretion flow.
plorer (RXTE), and a comprehensive test of the bulk motion Predictions of their model regarding relations between those
Comptonization(BMC) model for the high-soft state con- two frequencies and frequencies of kHz QPOs compare fa-
tinuum. The emergent spectra of over 30 separate measuréerably with recent observations for the source 4U 1728-34.
ments of GRO J1655-40, GRS 194505, GRS 1739-278, C. Shrader and L. Titarchuk applied the bulk-motion
4U 1630-47 XTE J1755-32, and EXO 1846-031 X-ray Comptonization(BMC) model to observational data for
sources are successfully fitted by the BMC model, which hatMC X-1, and Nova Muscae 1991. They extracted some
been derived from basic physical principles in previousPhysical parameters of these systems from observables
work. This in turn provides direct physical insight into the (within the context of the BMC modgldrawing from results
innermost observable regions where matter impinging upo®n GRO J1655-40, for which they presented extensive analy-
the event horizon can effectively be directly viewed. Thesis previously. They derived estimates of the md€s+ 1
BMC model is characterized by three parameters: the disgolar massgsand mass accretion rate in the digkughly 2
color temperature, a geometric factor related to the illuminain Eddington unity for LMC X-1, and mass(12 solar
tion of the black hole site by the disk and a spectral indexnassesand mass acretion ratef order of 3 for Nova Mus-
related to the efficiency of the bulk motion upscattering. Forcae 1991. They discuss differences between these estimates
the case of GRO J1655-40, where there are distance arahd previous estimatedased on dynamical studjedt is
mass determinations, a self consistency check of the BMQurther shown that the disk inner radius increases with the
model has been made, in particular, the assumption regarttigh-to-low state transition in Nova Muscae 1991. Specifi-
ing the dominance of gravitational forces over the pressureally, their analysis suggests that the inner-disk radius in-
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creases to 17 Schwarzschild radii as the transition to th&ith other scientists at NRLhave investigated the energetics

low-hard state occurs. of CMEs using LASCO data. They have tracked the detailed
The recent model of quasi-periodic oscillations in neutrorntemporal evolution of some of the basic physical parameters

star binariegOsherovich and Titarchuk 1999, Titarchuk and using direct observations, providing for the first time strong

Osherovich 199P has suggested the existence of twoconstraints on models of CME propagation.

branches of QPOs due to the influence of Coriolis force on

the linear Keplerian oscillator: one branch with frequenciess. RADIATION HYDRODYNAMICS

between 400 and 1200 Hz and another branch with frequen- p  Becker has analyzed the structure of radiative,

cies an order of magnitude lower. The observations of the,giation-dominated shocks in accretion columns over the
source 4U 1702-42 have shown that the centroid of the aPmagnetic poles of bright X-ray pulsars. In pulsar accretion
proximately 35 Hz QPO tracks the frequency of the kiIohertzCOmmns, the mass and momentum fluxes are conserved
oscillations. V. Osherovich and L. Titarchuk interpret the 35 hile the gas crosses the shock, but the energy flux is not.
Hz oscillations as the low branch frequency and find that therne |0ss of kinetic energy via the diffusion of photons
angle between the rotational axis of the magnetosphere angoygh the walls of the column causes the gas to decelerate
the vector normal to the plane of Keplerian oscillations is 3.9 yest at the stellar surface. By contrast, in the “standard”

+ 0.2 degrees. Their results make 4U 1702-42 the seconheory of adiabatic, radiation-dominated shocks, developed
source(after Sco X-) for which the theoretically derived by Blandford and Payne in 1981, the energy flux is con-

lower branch is identifiedwithin their mode] and that angle  gerved, and the downstream flow velocity cannot vanish.
is calculated. The inferred angle stays approximately thgyence adiabatic shocks have no relevance for X-ray pulsar
same over the significant range of the Keplerian fre“qenc'_eéccretion flows. Beckef1998 obtained a new, analytical
(650 - 900 H3, as expected from the model. Based on theirgq)ytion for the variation of the flow velocity above the polar
model, Osherovich and Titarchuk present a classification Oéap of the neutron star including the dynamical effect of
QPO frequencies in the source 4U 1702-42 observed aboyhqion escape. This solution displays the correct “settling”
and below the low branch frequency. character below the sonic point, and the flow velocity van-
P. Subramanian, P. Becker, and D. KazafB\SA/  ishes at the stellar surface as required. P. Becker, and D.
GSFQ have continued to study the physical processes OpgazanagNASA/GSFQ have expanded this work to include
erative in viscous accretion disks surrounding rotating and, consideration of the dynamical effects associated with the
non-rotating black holes. The most recent work has focuseg|iie gas pressure.
on the shear-induced Fermi acceleration of relativistic pro-  j \yaliin began a sabbatical leave in the summer of 1999
tons in the same scenario, due to collisions with the magnetig; | os Alamos National Laboratory to work on improve-
scattering centergkinks) embedded in the Keplerian flow. ments to Smoothed Particle Hydrodynami&H. The di-
The relativistic protons accelerated in the flow are postulategaction of this work is twofold. First. methods to improve the
to feed a magnetically collimated jet, leading to the producqngjstency of SPH are being examined. Second, methods to
tion of a strong gamma-ray flux when the jet collides with agjiminate artificial viscosity are being explored, including the
distant cloud, possibly in the broad line region within onese of flux limiters. It is hoped that this work will greatly

parsec of the central source. The calculations are relevant f%prove the convergence rates of SPH in a number of astro-
simulations of accretion disks around compact objects,omical applications.

which are expected to have near-equipartition tangled mag-
netic fields embedded in them. This work is reported by Subg  ~~5\1c RAY ACCELERATION

ramanian, Becker, & Kazand999. P. Becker and D. Kazangd®dASA/GSFQ have studied

the acceleration of cosmic rays due to repeated scattering
4. SOLAR PHYSICS across a supernova-powered shock wave, using the “two-

P. Subramanian has been working with members of thdluid” model of diffusive shock acceleration. This scenario

Solar Physics group at the Naval Research Laboratory on themains an attractive model for the production of very ener-
physics of Coronal Mas EjectionlCMEs) from the Sun. getic cosmic rays. When the acceleration process is efficient,
Data from the Large Angle Spectroscopic Coronagrapla large fraction of the incident gas momentum flux is con-
(LASCO) aboard the Solar and Heliospheric Observatoryverted into cosmic ray pressure. In this case, the dynamical
(SOHO reveal that CMEs have a variety of effects on thestructure of the shock must be treated self-consistently, in-
solar streamers that were not evident with previous observaluding the modifications due to the cosmic ray pressure.
tions. They shed light on the manner in which CMEs travelThe upstream boundary conditions are stated in terms of the
through and interact with the large scale magnetic field in théncident total Mach number and the incident ratio of the
outer corona. He has also been studying the crucial subject @bsmic-ray pressure divided by the total pressure. It is well
the photospheric magnetic field configurations that give ris&known that for certain combinations of these two parameters,
to CMEs, using data from the Extreme Ultraviolet Imaging 1, 2, or 3 distinct solutions are can be found for the shock
TelescopdEIT) instrument and the Michelson Doppler Im- structure. However, the precise nature of the constraint
ager (MDI) instrument aboard SOHO. Data from these in-curves in the parameter space describing the number of pos-
struments are providing valuable inputs to various theoreticasible solutions for given upstream conditions has remained
models describing the initiation of CMEs in the lower co- unclear. P. Becker and D. Kazanas have derived new, exact
rona. A. Vourlidas and P. Subramanidim collaboration critical constraints by reformulating the upstream conditions
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in terms of the two individual Mach numbers defined with colliding GMCs. Case Il concerns starburst galaxies and is
respect to the cosmic-ray and gas sound speeds. Their resuft®delled by head-on collisions of galaxi@blique collision
allow for the first time a systematic understanding of thecase is examined as wgelllhe cloud-cloud collisions trigger,
parameter space and the implications for the resulting shoc#turing the time when the central parts of galaxies cross each

structure. other, gravitational instability in the bulk of the GMCs. Case
Il deals with globular cluster formation prior to, or in par-

7 EXTRAGALACTIC ASTRONOMY & allel with, galaxy formation via cqlhsmns of protogalact_lc

COSMOLOGY clouds. The proposed model explains the basic observational

_— features of SSCs.
M. Kafatos and visiting faculty member S. Roy have ex-

a}mlned the 'broadenlng of spectral lines due to dynamic mulé. GAMMA-RAY BURSTS
tiple scattering as applicable to quasar spe@ay, Kafatos, L )

& Dutta 1999. The Wolf effect deals with the correlation- L. Ozernoy, jointly with V. Dokuchaev and Yu. Erosh-
induced spectral change and explains both the broadenirf?ko (Inst. for Nucl. Research, Moscowealculated the du-
and shift of the spectral lines. In this framework, a relation'@tion of the luminous quasar stage in relation to the initial
between the width of a spectral line and the redshifip- ~Mass of a newborn massive black hGBH) by comparing
plies. For smaller values afa relation similar to the Tully- th_e observed Iurr_nn(_)sny and redshlft_dlstrlbutlons of quasars
Fisher relation can be obtained and for larger more gen- with the mass distribution of MBHs in normal galactic nu-
eral relaton can be constructed with observationallel- It is assumed that, at the quasar stage, each MBH goes
consequences for distant galaxies. through a singléor recurrent phase of accretion at or near

R. Amoroso(Noetic Institutd, M. Kafatos, and P. Eci- _the Eddington luminosity. The mass distributions of quasars
movic (Univ. of Ljubljana, Sloveniahave examined the ori- 1S found to be connected with that of the MBHSs residing in
gin of the Hubble redshift as arising from anisotropic COu_nor_r’nal galaxies via a smg!e—valued relat|onsh|p through the
pling to vacuum zero point fluctuations through harmonic€ntireé mass range of the inferred MBHs, provided that the
structure described in terms of the Wheeler-Feynman ab'e_szluency'of accretion during the nearly Eddington luminos-
sorber theory of radiation. This applies in the contect of aty Phase is 10%. A number of consequences of these results
Dirac vaccum and compactification dynamics and supportgor the purrent models of MBH formation and accretion have
the Vigier “tired light” theory (Amoroso, Kafatos, & Eci- Peen discussed.
movic 1998. They have also proposed a geometrodynamic
model of the gravitational pinch effect also known as the9. SOLAR SYSTEM & INTERPLANETARY DUST
Vigier Pinch from a modified Tolman-Ehrenfest-Podolsky L. Ozernoy, jointly with N. Gorkavyi, J. MatheiNASA/
calculation of the gravitational field of a photon-pulse pencilGSFQ, and T. TaidakovdCCS), have developed a new nu-
(Ecimovic, Kafatos, & Amoroso 1998 merical approach to the dynamics of minor bodies and dust

M. Kafatos (1998 has developed the thesis that non- particles, which enables one to increase, without using a su-
locality is a fundamental property of the universe. He pre-percomputer, the number of particle positions employed in
sents evidence of quantum-like correlations in the early unieach model up to 28 — 10", a factor of 16 — 10 higher
verse and has constructed Universal Diagrams involvinghan previous numerical simulations. They applied this pow-
different physical quantities in multi-dimensional space. Heerful approach, incorporating all relevant physical processes,
then applies these idedKafatos 1999 to the problem of to the high-resolution modeling of the structure and dynam-
consciousness, and examines the possibility that underlyinigs of cometary populations and dust in the solar system as
foundational principles apply from the microcogquantum  well as to studying the structure and emission of circumstel-
to the macrocosnicosmological realms. lar dust disks containing extra-solar planets.

S. Roy and M. Kafato£1999 have applied the above L. Ozernoy, N. Gorkavyi, and T. Taidakova simulated a
ideas to the large-scale of the universe. They find that Bellstationary distribution of test comets, which results from
type correlations may be prevalent in the early universe aristheir gravitational scattering by the four giant planets and
ing from the all-pervasive electron- positron annihilations.accounts for effects of mean motion resonances. Using these
They extend the two-particle correlation to N-particle statessimulations, they reconstructed, in the space of orbital coor-
implying that frozen correlations may be used to explain thedinates, the distribution functiom(a,e,i) for the population
large scale structure of the present universe. of scattered minor bodies beyond Jupiter. The simulations

L. Ozernoy analyzed the formation of so-called “superdeal with 36 stationary distributions computed at different
star clusters”(SSCg from shock-compressed giant molecu- initial conditions for the dynamical evolution of comets,
lar clouds(GMCs). Depending on the environment, param- which start from the Kuiper belt and are usually traced until
eters of the forming SSCs can vary. Three different environtheir ejection from the Solar system. These simulations in-
ments are analyzedt) the central part of an isolated galaxy; clude about 30x 1P test bodies, which is comparable with
(11 colliding galaxies; andlll ) protogalactic clouds. Depen- the number of expected scattered conisimiilar to Jupiter-
dence of cluster parameters upon various gas cloud charafamily comets in their physical parametgr§wo important
teristics (velocity, density, temperature, and chemical abun-new results have been found. First, the simulated comets are
dance is discussed. Case | is exemplified by a collisionally-concentrated into four circumsolar belts, with a highly non-
induced star formation in the central part of the Milky Way uniform and well structured distribution of the objects. Al-
Galaxy, which is characterized by relatively low velocities of though these belts overlap, each belt can be associated with
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the orbit of the appropriate giant planet. Second, this hugéve) processessee, e.g., Roset al,, 1984, ApJ, 280, 550;
population, with only a tiny fraction of its representatives Roseet al, 1987 ApJ, 314, 95; and Beall, 1990, Rthysical
presently known, is expected to have, like the simulation®rocesses in Hot Cosmic Plasma=d. W. Brinkmann, F.
demonstrate, a rich structure containimgresonant gapsii)  Giovannelli, & A. Fabian, Kluwer Academic Publishers:
diffusive accumulations, angii) near-resonance accumula- Netherlands In the regime of parameters likely for astro-
tions. physical processes, the research uses a 0-dimensional com-
In another work, L. Ozernoy, N. Gorkavyi, J. Mather, and puter code that solves, time-dependently, a system of ex-
T. Taidakova have elaborated a physical model of the zodiatremely stiff, coupled, differential equations. This code
cal cloud incorporating the real dust sources of asteroidal anchodels the intensity of plasma waves generated by the jet as
cometary origin, which makes it possible to evaluate quantiit propagates through the ambient medium. The code thus
tatively the zodiacal light emission and scattering throughoutllows estimates of the propagation length and strength of
the solar system. This model considerably improves the auhe interaction of the relativistic jet. They have recently com-
thors’ ‘reference model’ based on the use of the continuitypleted a series of “benchmark’” tests by comparing the re-
equation for the distribution function of dust particles andsults of the 0-dimensional code with those obtained using
enables one to compute more reliable results than possibledimensional and 2-dimensional Particle-In-CdPIC)
using phenomenological modeling of the zodiacal light. Thecodes in parameter ranges where it is practicable to use such
improved model represents a 3D-grid containing>45180  codes(Beall, Guillory, & Rose 1999
X 244 = 2 - 1P cells with a step irfheliocentric latitude J. Beall continues a collaboration with W. Bednarek at the
¢, longitude N, and radiusR) equal to (2°,2°,0.029R  University of todz todz, Poland, modeling the gamma-ray
[AUT). Using the inferred distribution of the zodiacal dust, its emission produced by relativistic jets in AGN as they inter-
thermal emission and scattering have been computed at seaet with the dense, compact clouds in the BLR and NLR of
eral wavelength41.25, 5, and 20um) as a function of a the galaxies. These results show that the plasma processes
space telescope location assumed to be at 1 AU or 3 AlWdiscussed above significantly change the low-energy portion
Areas on the sky with a minimum of zodiacal light are de-of the gamma-ray spectrum and yield substantial improve-
termined. These results are directly related to the currentlynent in the fits of hadronic collision models to the data for
discussed issue of where the Next Generation Space TeltdKN 421 (Beall and Bednarek 1999
scope(NGST), which will replace the HST in the beginning

of the next century, is to be be deployed. Further improve-
. ; . : : PUBLICATIONS
ments in the physical modeling of the zodiacal light are fea moroso, R. L.. Kafatos, M.. & Ecimovic, P. 1998, “The

sible and could have important implications for extra alacticA o : - )
’ P g Origin of Cosmological Redshift in Spin Exchange Vac-

astronomy and cosmology. o=
y gy cum Compactification and Non-zero Rest Mass Photon

L. Ozemoy, N. Gorkavyi, J. Mather, and T. Taidakova Anisotropy,” in Causality and Locality in Modern Phys
examined the resonant structure of a dusty disk induced by ' . i
xam! uetu LSty disk Incu y ics, ed. G. Hunter, S. Jeffers and J. P. VidgiPordrecht:

the presence of one planet with mass in the range (5 ) .
P P I ! ge ( Kluwer Academic Publishefsp. 23

- 107° — 5. 10 %)My It is shown that the planet, via
e ; . ’ Aurass, H., Vourlidas, A., Andrews, M. D., Thompson, B. J.
resonances and gravitational scattering, prodig¢escentral P o ’ ’ T
9 g, proddg Howard, R. H., & Mann, G. 1999, “Nonthermal Radio

cavity, or ‘hole’, void of dust{ii) a trailing (Sometimes lead- Signatures of Coronal Disturbances with and without
ing) off-center cavity or a few cavities; andi ) an asymmet- e
9 Y i) y Coronal Mass Ejections,” ApJ, vol. 511, p. 451

ric resonant dust belt with one, two, or more clumps. TheseB . L .
features can serve as indicators of plé)etmbedded in the acmeister, J. T., S'S‘?”?d’ D.E., Summers, M. E., & _Zasad|l,
plés) S. 1998, “Age-of-Air in a Zonally Averaged Two Dimen-

circumstellar dust disk and, moreover, can be used to deter-
: ' ' . . sional Model,” J. Geophys. Res., vol. 103, p. 11263
mine the mass of the planet and even some of its orbit ; ) . .
P autista M., & Titarchuk, L. G. 1999, “H-like Iron Emission

parameters. The results of our study reveal a remarkable®, ) .
similarity with various types of highly asymmetric circums- In Narr_ow ng Seyfert ]('.\“‘Sl) Gal:c}mes as Tempera-
ture Diagnostic of Accretion Flows,” ApJ, vol. 511, p.

tellar disks observed with the JCMT around Epsilon Eridani 105

and Vega. The crucial test of the above picture would be th . .

discovery of the resonant asymmetric structure around th ailil\l'sék I&f Gelle':['r, H'S 1?99’ ASlrrpulatlor; Xf tr|1e .IASRCb

star. For circumstellar disks ia Eri and Vega the asymmet- niormation ,YS em AIChIVE and Analysis Sub-
system Using Extend,” Simulation, vol. 73, p. 111

ric design is expected to revolve by, respectively, (0.6 - : o ;
— 0.8)° and (12— 1.6)° annually. Beall, J. H. 1999, “Jets in Astrophysics,” in Multifrequency

Behaviour of High Energy Cosmic Sources, ed. F. Gio-
vannelli and L. Sabau-Graziati, Mem. S. A. (in press$
10. RELATIVISTIC JET INTERACTIONS Beall, J. H., & Bednarek, W. 1999, “On the Hadronic Beam
J. Beall and J. Guillory continue their collaboration with  Model for Gamma-Ray Production in Blazars,” ApJ, vol.
D. V. Rose, investigating the physics governing the propa- 510, p. 188
gation of jets of material originating in the centers of Active Beall, J. H., Guillory, J., & Rose, D. V. 1999, “Line Emis-
Galaxies(AGN), moving outward, and interacting with am-  sion from Relativistic Jets,” in Multifrequency Behaviour
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