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This report covers the period September 1995 through Auwere presented at the Aspen Meeting in January. Analysis
gust 1996 and comprises an account of astronomical andnderway is expected to constrain the models for the dra-
astrophysical research carried out in the Departmant of Asmatically variable accretion flux in these systems. The May
tronomy and the Department of Physics. 1996 outburst of the BHXRT GRO J1655-40 was intensively
Faculty and Research Associates were James Applegateonitored with a multi-wavelength campaign coordinated by
Elena Aprile, Norman Baker, Kaiyou Chen, William Craig, Haswell(HSTPI), Chen(NASA Goddard XTEPI), Harlaftis
Arlin Crotts, Isadore EpsteifEmeritug, Peter Friedman, (St. AndrewsAAT PI) with Horne(St. Andrews; CTIO pho-
Charles Hailey, Jules Halpern, Carole Haswell, David Hel4tometry was obtained by Kemp, Patterson, and Hy($ess-
fand, Philip Kaaret, Stephen Kahn, Marc Kamionkowski,sex; spectroscopy was obtained by Helli¢keele and
Laura Kay(Barnard, Kenneth Mighell, Lloyd MotZEmeri-  Wang(McDonald. The HST observations show the UV and
tus), Robert Novick (Emeritug, Frederik Paerels, Joseph optical spectral evolution through the outburst and decline,
Patterson, Kevin Prendergast, Andrew Rasmussen, Rhowing the canonical e-folding decay light curve, with sig-
Michael Rich, Malvin Ruderman, Daniel Savin, Edward nificant superimposed short-term variability.
Spiegel, Marco Tavani, Wilhelmus van der Veen, and Jac- Hailey and Craig are analyzing data collected with the
gueline van Gorkom. automated multi-object spectrogragaAMOS) a multifiber
Graduate students participating in research were Elizabetfobotic positioning system developed in collaboration with
Blanton, Ari Buchalter, Alex Casti, Sandra Castro, AndrewUC Santa Cruz and Lawrence Livermore National Labora-
Chen, Ping Chen, Xuelei Chen, Xinzhong Chen, Jean Cotory. High throughput spectra have been collected on a num-
tam, Catherine Cress, Saswato Das, Deepa Majmudar, Yiher of targets including old open clusteRQSATselected
Fang, Judith Fleischman, Eric Ford, Karl Forster, Marioclusters of galaxies, galactic supernovae and supernovae in
Jimenez-Garate, Ming Feng Gu, llana Harrus, JaeSub Hon@31. A survey of Hr emission is being undertaken in the
John Keck, Robert Olling, Ravi Pilla, Alex Refregier, Hay- Pleiades in order to study systematically rotational velocities
ley Richman, David Schiminovich, Adrianne Slyz, Edgarin stars of widely varying stellar clas&aMOSis also being
Smith, Joshua Spodek, Johannes Spreeuw, Gino Thomagpgraded through the addition of a Fabry-Perot interferom-
John Tomsick, Robert Uglesich, Orkan Umurhan, Franketer which will permit ultra-high resolution spectroscopy tak-
Wang, Fang Xu, Jun Xu, and Tianhua Zhu. ing advantage of the one-degree field of view at the 3m
Undergraduates participating in research were Kerry Bill-Shane reflector at Lick Observatory, wheékMOSis sited.
ingham, Scott Brown, Rano Chaterjee, Ali Kinkhabwala, Patterson and Kemp more officially formed the “Center
Jonathan Kemp, Michael Malin, Shani Offen, Jason Scanlinfor Backyard Astrophysics,” an organization for coordinated
Justin Shubow, Charles Silver, Pauline Tabibian, Nicolaostudy of variable-star light curves. With major observing sta-

Toumbas, Beth Willman, and Jessica Zimmerman. tions in Denmark, Belgium, Maryland, and Arizofend oc-
Yihu Fang, Robert Olling, Hayley Richman and Jun Xu casional help from New Zealand, Japan, Israel, South Africa,
received Ph.D. degrees. and Chilg, we try to accumulate light curves of cataclysmic

Appointments during 1995-96 were held by Adjunct Pro-variables over the 24-hour cycle, in order to free periodic
fessor Michael Allison, Visiting Research Scientist Tatianasignals from the effects of Earth rotation. This has been ex-
Lozinskaya, and Postdoctoral Research Scientists Valetremely beneficial in revealing signals closely spaced in fre-
Egorov, Nobumichi Ishida, Frank Summers, Austin To-quency, such as the “superhumps” of dwarf novae.

maney, Monica Vallluri, and Ming Zhao. New superhump periods were found for eight dwarf no-
We regret to report that Emeritus Professor |. Epstein diedae. Most were of the garden variety, a few percent greater
in September 1996. than the corresponding,,,. RZ LMi was the most interest-

Helfand continued as chair of the Astronomy Departmenting, because its superhumps continued strong into quies-
Kahn was appointed as Director of the Columbia Astrophyscence. Indeed its superhumps appear to maintain phase fairly
ics Laboratory. well across 4 separate eruptiof@ d). This is presumably

because the disk is still ringing from the last eruption when
the next one first rises. It takes a while for the superhump to
1. STARS & STELLAR EVOLUTION forget its phase, and a new eruption occurs before the forget-

Haswell's research concentrated BHIST observations of ting is complete.
interacting binary stars. A paper on the magnetically accret- A long campaign4 yr) was carried out on the remnant of
ing CV YY Draconis is in presgHaswellet al. 1997. The Nova Cygni 1992, V1974 Cyg. The light curve during
UV pulse fraction was found to be very high, implying a 1993—-6 showed the 117 min orbital period throughout, and
color temperature in excess ofKD Constraints on the mass also a 122 min modulation which wandered slightly in phase
of the white dwarf and the accretion geometry were derivedon a timescale of months.

Preliminary results on the quiescent UV optical spectrum of Another intensive campaign, lasting for 110 days, was
the black hole X-ray transienBHXRT) GROJ 0422-32  waged on the novalike variable CR B For the first 15
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days, very short-lived eruptions occurred on a fundamentatquivalent widths of all the lines and to obtain the physical
guasi-period of about 20 hrs; this is basically the shortestparameters using the program MOOG, developed by C.
period dwarf nova in the sky, and the only one dominated bySneden. Spectrum synthesis of Fe lines, and the curve of
the helium in its spectrum. For the next 90 days, the stagrowth method were also used. The bulge giant andeo
stayed in an extended bright state, and rang with 24.8 minuteere found to be identical to within 0.05 dex, and the differ-
superhumps all the while. Spectroscopic coverage showeent methods were in agreement at a similar level. The results
helium absorption lines gyrating back and forth with a periodconfirmed earlier work by McWilliam and Rich. Castro also
of ~30 hr — probably the apsidal precession period of theanalyzed a sample of local disk dwarfs selected by M.
accretion disk. Grenon(Geneva Obs for their high metallicities and eccen-

Rich and Mighell in collaboration with M. Shara and M. tric orbits. Formal orbit integrations suggest that some of
Fall (STSc) obtained deep photometry of the old LMC these stars may have originated relatively close to the Galac-
globular cluster Hodge 11. The extreme blue horizontatic center. The first results indicate that their metallicites are
branch of this cluster had been known for years from groundhigh, with[Fe/H]=+0.5 typical. It is hoped to compare their
based observations. THEST imaging gave a locus for the element abundance ratigs.g. alpha-capture elementsith
cluster that is identical to that of the oldest, most metal poothose of bulge giants to test their connection with the bulge
Galactic halo globular cluster M92. This result proves thatpopulation.
the oldest, most metal poor stars in the LMC have the same Rich, in collaboration with H. ZhadLeiden U) and D.
age (to within observational erroysas those in the Galactic Spergel(Princeton U) analyzed the MACHO microlensing
halo. If we can establish that the oldest stars in a number aévents toward the bulge. A microlensing map was con-
Local Group galaxies are as old as this, it would suggest thadtructed from Zhao's self-consistent model of the bulge, and
there was a common era when the first stars in the Universié gives good agreement with the microlensing event distri-
formed. The finding also supports the notion that the LMCbution. The resulténow based on analysis of over 50 events
itself is as old as the Galaxy; not all massive companions o€ontinue to rule out large numbers of brown dwarfs in the
spirals have merged or are destined for mergers. bulge, as there are too few short period events.

Rich, in collaboration with D. TerndrugOSU) and E. Rich, in collaboration with S. OrtolaniPadua and A.
Sadler (AAT) completed analysis of a sample of bulge K Renzini(ESO has usedHSTimaging to determine the age
giants in Baade’s windowl £0°,b=—4°) with radial ve- of the Galactic bulge relative to old metal rich globular clus-
locities, proper motions, and metallicities. It is possible toters. The magnitude difference between the turnoff and hori-
calculate the vertex deviation of the velocity ellipsoid as azontal branch is a sensitive age indicator, and is the same
statisticC,, . Vertex deviation in the plot ofr, (radial ve- (3.6 mag for the bulge as for the cluste(8iGC 6528 and
locities) againsto, (proper motion dispersion parallel to the 6553. The metal rich clusters, in turn, have the same 3.6
Galactic planggives a kinematic signature of triaxiality. In mag spread as the metal poor halo clusters. Depending on the
the full sample of 350 stars, the subsample withrun of horizontal branch luminosity with metallicity, this
[Fe/H]>—0.2 has clear vertex deviation. When photometricsuggests thatl) the bulge is at most 3 Gyr younger than the
parallaxes are used to further constrain the sample, one mdnalo, but the bulge and these clusters are the same d@¢ or
plot C;, as a function of Fe/H] and Rs¢. This plot shows there is no age-metallicity relationship in these objects, and
that the strongest vertex deviation is for metal rich stars aall of the objects are as old as the oldest halo globular clus-
the Galactic center. A preliminary analysis suggests thaters.
there is no correlation between abundances and kinematics, Rich and Mighell, in collaboration with W. Freedman
but this issue is still under study. Rich is also collaborating(Carnegie Observatories continuing to analyzelSTimag-
with R. Mendez(ESO in the next generation of bulge proper ery of the nuclei of M31, M32, and M33. Division of the
motion studies. A collection of over 30 plates of the bulge/F555W (V) by the F814W]l) images has revealed dust struc-
halo transition Plaut fieldl&0°,b=—8°) with epochs from ture in M31 and M33, but none in M32. In M31, there are
1972 to 1994 has been measured. Because a rich cluster srhall knots of extinction near the nucleus as well as the
galaxies is identified in the field, we expect ultimately to tie suggestion of a face-on spiral pattern originating at the
the proper motions to the extragalactic reference frame. Imucleus. In M33, the dust is smoother and sheetlike and is
the proper motion dispersion “vector point” diagram, the completely unrelated to the nucleus. The 1 micron luminos-
distribution of the most accurate measurements shows soniy function of the giants in the bulges of these galaxies is
hints of clumping, as if there may be kinematically distinct extended 1-2 mag brighter than the first giant branch tip of
moving groups involved. Radial velociti€som spectra ob- the old globular cluster G1 in the halo of M3Which itself
tained atCTIO) have been measured for the first 1000 stargesembles 47 TycWhile photometric crowding may be re-
in the sample by Scanlin. sponsible for this effect, preliminary artificial star tests indi-

Sandra Castro, visiting at Columbia from the University cate that it cannot explain it completely; further analysis is
of Sao Paulo, completed two studies of metal rich stars iunderway.
collaboration with Rich. In the first, analysis of a spectrum of Crotts and Jun Xu mapped the interstellar medium in
a metal rich giant in the Galactic bulg8W I1V-167) ob-  front of SN 1987A using light echoes from the SN and
tained with the Keck telescope gapvEe/H|=+0.47+ 0.03.  longslit echelle spectroscopy, tying the three-dimensional
Three methods were used to analyze this star and the metspatial structure to the gas kinematics. They have mapped a
rich local giantu Leonis. The first was to measure the large part of the superbubble N157C surrounding the OB
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association LH 90, and used its kinematics to estimate its Cress and th&IRSTteam have calculated the two-point
age, as well as its energy content compared to its stellangular correlation function for the radio sky from the first
activity. They have also placed in context the formation 0f1500 ded of the survey. This represents the first significant
stars, in particular the SN 1987A progenitor, with respect tadetection of large-scale structure in the radio band. They
LH 90 and a larger superbubble. This research also showshow that faint sources are more highly clustered than bright
that the SN rests about 400 pc behind LH 90 and most of thgources, and calculate a clustering scale length of 10 Mpc.
mass in this part of the 30 Doradus complex in the Large Cress and Kamionkowski have been working out predic-
Magellanic Cloud. tions for angular clustering of radio sources in various cos-

Applegate and Thomas have developed a stellar structui@ological models to compare with the correlation function
code incorporating tidal heating and irradiation or angularmeasured for th€IRSTsurvey. Radio sources are typically
momentum loss driven mass loss in order to study the trangt redshifts of order unity. By comparing with clustering of
sition from Low-Mass X-Ray binary to Black Widow pulsar sources at lower redshifts, one can investigate the evolution
to isolated millisecond pulsar or millisecond pulsar with of the matter distribution in the Universe and test various
planets. The code development is complete and calculationgodels for the origin of structure. Cress and FHRSTteam
are underway. When completed, these calculations will bgre continuing to construct the correlation function from new
Thomas’ Ph.D. thesis. data from the survey as it becomes available.

Applegate and Thomas have used their code to follow the pas and th&IRSTteam announced the discovery of radio
evolution of cataclysmic variables from orbital periods of soyrces that vary on a timescale of days by factorsaf
several hours, through the 2-3 hour period gap, and past thg| A followup observations have shown that 2/3 of the can-
orbital period minimum. They find, in agreement with previ- gigate variables have flat or inverted radio spectra. A few of
ous work, that if gravitational radiation is the only torque the sources have optical counterparts that prove to be a va-
acting on the system, the minimum period is 65 minuteiety of AGN and quasars. The search for an explanation of
instead of the observed 80 minutes. _this extraordinary behavior, which could be either intrinsic to

Applegate and Majumudar have proposed a model ifhe source or imposed by some external mechanism, will
which lithium, beryllium, and boron are produced in un- continye with daily monitoring of several sources in the
mixed supernova ejecta by spallation reactions in which Pa2oming year.
ticles accelerated in the explosion itself irradiate the metals gjanton and theeIRSTteam have now accumulated deep
synthesized in the star. This model gives a constant spallgsiical images for over sixty fields containing bent double
tion to iron ratio, in agreement with observation. They find 545 sources as part of a search for distant galaxy clusters.
that they _obtaln the correct spallation-to-iron ratio if roughly 14 disturbed morphology of this rare class of radio emitters
one part in a thousand of the supernova energy goes 10 Pgg thoyght to arise from an interaction of the radio jets with a

ticle acceleration. dense surrounding medium. To date, over 60% of the sources

Applegat_e and Cress studied the statistical fluctuations iri}'naged show obvious clusters with estimated redshifts rang-
element ratios produced by the fact that only a small numbef, om 025 to 1. Further photometric data and the first

of supernovae are needed to e””?“ a gIoquar.cIu_ste_r S"Zeﬂ)ectroscopy to confirm the clusters and determine their red-
gas mass up tQ:e/H] = —2._Th¢y .flnd that the distribution _shifts will be undertaken in the coming year.
of .element ratios might dlscrlmmate betweeq models N Buchalter and theFIRSTteam have been searching for
which globulars are self-enrlc_hed and models in which theClusters by directly examining tHRSTimages for concen-
cluster formed out of pre-entriched gas. trations of radio sources; several hundred candidate regions
have been identified. In addition, they have been collecting a
large sample of double and triple radio sources to evaluate
2. RADIO SOURCES their utility for measuring the angular diameter-redshift rela-
Helfand, in collaboration with V. KistiakowskyMIT) tion which has been proposed as a technique for determining
completed their identification program for Galactic plane ra-to-
dio sources using narrowband, near-IR filter imaging. They Refregier, Cress, Brown, Helfand, and Kamionkowski
found a total of 36 highly extincted planetary nebulae inhave been looking for correlations between ellipticities of
~100 ded and demonstrated the effectiveness of using thesources in thé&IRSTsurvey which would have been induced
[S llI)/Pa« ratio to distinguish obscured H Il regions from by weak gravitational lensing due to inhomogeneities in the
PNe. mass distribution in the Universe. Predictions for the ampli-
Helfand, along with his collaborators R.H. Beck@!C  tude of this correlation in various models of structure forma-
Davig) and R.L. White(STSc) continued collecting Faint tion have also been performed. With hundreds of thousands
Images of the Radio Sky at Twenty-cm for théfitRST  of resolved sourceémostly at large redshiftover a good
northern hemisphere VLA radio sky survey. Over 20,000 2kfraction of the sky,FIRST provides a unique probe of this
X 2k maps covering 3000 dé@f the North Galactic Cap effect over angular separations of a few degrees. It should
have been reduced and analyZede http://sundog.stsci.edu also be noted that this probes tmeass as opposed to
for the current survey statusA catalog of over 250,000 Iuminous-matter, distribution in the Universe.
sources has been generated from these data, and a wide va-Willman has been working with thEIRSTteam to define
riety of followup programs and survey analyses are ina sample of BL Lac candidates from cross-correlations of the
progress. Briefly, these include: FIRSTradio catalog with th& OSATAII-Sky survey and the
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ROSATcatalog derived from pointed observations. They findcomparison with radio catalogs; the EMSS, in contrast,
that ~50% of the bright RASS sources haWBRSTcounter-  found no quasars witlz>3. Helfand and Moran have ob-
parts, and that only a relatively small fraction of these areained anASCAspectrum of the=4.3 quasar, providing a
previously identified objects. ThEIRST data reduces the high signal-to-noise spectrum from 3—-53 keV in the object’s
positional uncertainty of the X-ray emitters by a factor of rest frame. They find that a single~0.4 power law de-
~100, greatly simplifying optical identification. Several scribes the spectrum well throughout this band.
dozen objects lie in the region of the,, «,, plane in which Helfand, along with E. GotthefGSFQ and T. Hamilton
BL Lacs are typically found, suggesting thBIRSTRASS  (Rand Corp, have published their analysis of short X-ray
may provide the largest homogeous sample of these rafgashes discovered in theinstein IPC database. While the
AGN yet found. several dozen events resist all attempts to link them un-
Kinkhabwala and thé=IRSTteam in collaboration with equivocally to an instrumental or environmental effect, pre-
Crotts have identified a number of candidate quasar pairs fQiminary results from an identical analysis of tHROSAT
use in studies of the Lyman alpha clouds. Several new pairsSpC database does not confirm them as having an astro-
have been spectroscopically confirmed &I snapshot ob-  physical origin. More importantly, however, the authors
servations are planned to determine their suitability for stud¥how in an accompanying article that the absence of any
of the intergalactic medium at redshifts from 0.1-2. such flashes from the directions of nearby galaxies sets im-
Helfand and otheFIRSTteam members are pursuing a portant constraints on halo models fgrray bursts if the

terparts classified as stellar on the POSS | plates and brighter ja,rus and Helfand, in collaboration with J. HugttBsit-

thanE magnitude 17.5. Over two hundred spectra have beeferg have discovered a diffuse, nonthermal X-ray nebula in
obtained to date, and over 150 new bright quasars have begRe vicinity of the pulsar associated with the middle-aged
found. Approximately 50% of these objects are radio quielnernova remnant W44. The source is spatially coincident
(although obviously not radio silenttheir redshift range is  yjith 4 recently discovered flat-spectrum radio nebula, con-
from 0.1-3.7. Thgse dat_a will allow us to assess the INCOMfirming it as a new addition to the small class of pulsar-
pleteness of previous bright quasar surveys based on opticglyyered nebulae within SNRs. Harrus and Hughes have also
colors, UV excess, etc., and to explore the extent to whichecenty completed an exhaustive analysis of the dominant
radio-loud and radio-quiet quasars differ in their evolution{armal emission from this SNR. Using data from tie-
over cosmic time. This survey has also turned up SOM&tein ROSAT and ASCAX-ray satellites, they show, con-
highly u_nusu_al objects including the fir_st radio-loud Broadtrary to previous claims, that the morphology, intensity, and
Absorption Line quasar and several white dwarfs, a class ofecrym of the emission is inconsistent with the evaporating
objects not previously known to be radio emitters. cloud model for such objects, but can be well-fitted by mod-
els of a remnant entering its radiative phase.
3. X-RAY & y-RAY SOURCES Blanton and Helfand completed their analysis of the

Helfand and Moran have obtained ASCAspectrum of ASCAdata on the luminous composite supernova remnant
the IR-luminous galaxy NGC 3256. This object was the onlyG29.7-0.3. X-rays from both the nonthermal, pulsar-
one in the sample of over 250 IR/X-ray selected sources fopowered nebula in the remnant core, and a surrounding shell
which the reported X-ray luminosity was far in excess of theof thermally emiting hot plasma are detected. The Crab-like
brightest known starbursts, and yet for which the opticalcore has a luminosity higher than any such object in the
spectrum showed no evidence for a contributing AGN. InGalaxy excepting the Crab itself. The elemental abundances
fact, their reanalysis of thROSATX-ray data in conjunction in the shell demonstrate that the progenitor was, as expected
with the ASCAspectrum shows that the source is partiallyin the case of neutron star formation, a massive star. An
extended, and that its true luminosity is consistent with sestimate of the current energy loss rate from the unseen pul-
starburst interpretation; in addition, the spectrum is consissar based on the nonthermal emission, plus an age estimate
tent with soft thermal emission and requires no AGN-likebased on the expanding shell, combine to yield a consistent
power law component. Thus, yet again, the evidence fopicture of the object and place its age-at000 years.

X-ray luminous starbursts, long invoked as potentially im- The identity of the majority of Galactic high-energy
portant contributors to the X-ray Background, collapses ony-ray sources remains a mystery. Halpern and Helfand are
close examination. attempting to identify several EGRET sources at intermedi-

Helfand and Moran, along with R. Becker and R. White ate Galactic latitude by covering their error circles wWr-
have also published tH&insteinTwo-Sigma Catalog, a com- SATHRI and VLA pointings. If these sources are pulsars,
pendium of over 40,000 X-ray source candidates derivedhen they might have faint X-ray counterparts and/or steep-
from a complete reanalysis of tii#nsteinlPC database. The spectrum radio counterparts in blank optical fields. However,
real X-ray sources in this catalog represent a factor of thre¢hey may also represent a new class of Galactic object, or
increase over the number of sources detected in the originglerhaps blazars that are relatively radio quiet, in which case
IPC catalog produced at SAO. Cross-correlation with catathey could also be indentified using this multiwavelength
logs from other wavelength regimes can be used to sele@pproach. The X-ray observations are continuing over more
objects of interest for followup study. As but one example,than oneROSATAO. Analysis of the X-ray and radio data is
they find several high redshift quasars wittt3<4.3 froma in progress, as are followup optical observations.
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Refregier, in collaboration with A. LoetHarvard, have  star companion. In particular, accretion onto the surface of
presented the first calculation of the effect of the gravitathe neutron star and ‘propeller’-like emission could be ex-
tional lensing of a foreground galaxy cluster on the fluctuacluded with high confidence. A detailed theoretical analysis
tion statistics of the X-ray background. They show that theof the PSR B1259-63 system shows that the remarkable in-
effects on the number counts and the residual backgrounensity and spectral variability of the X-ray emission near
intensity as a function of radius around a massive cluster arperiastron can be successfully modelled by a pulsar/outflow
detectable with a deep AXAF pointing, and that analysis ofinteraction mechanisms characterized by the plane of the
the effect can reveal the shape of the X-rayNegogSrela-  pulsar being substantially misaligned with respect with the
tion at fluxes far below that at which individual objects canequatorial plane of the Be star outflow. Furthermore, the par-
be resolved. ticle acceleration mechanism was shown to be very efficient

Refregier and Helfand have completed an analysis of thavithin a cooling synchrotron and inverse Compton timescale
cross-correlation of X-ray background fluctuations with of ~10°—10® s. For the first time in a plerion-like system,
POSS | galaxy counts derived from the APM scans. Theyparticle acceleration could be constrained within such a short
have detected a signal for galaxies in the rangdimescale by a strongly time variable environment influenced
13.5<E<19.0 which consists both of a contribution from by radiative cooling. Pulsar wind physical quantities such as
individual galaxies and a diffuse component which correlated.orentz factor and magnetization could be determined and
with the galaxies out to a scale ef10’. The mean X-ray shown to agree, to within an order of magnitude, with pa-
intensity of galaxies in the sample atE)~17.5 is rameters inferred in the case of the Crab pulsar wind. These
8% 10 ®ergcm ?s™1, a value which agrees with the ex- results have general validity and may be relevant to the in-
trapolation of fluxes expected based on bright nearby galaxerpretation of Galactic unidentifieg-ray sources which
ies, and leads to an estimated contribution to the cosmimay contain pulsars in binaries producing high-energy emis-
X-ray background from normal galaxies 6f2%. sion by non-thermal acceleration.

Hailey, Craig, Keck and Hong are working on the analy- Tavani, with collaborators at NASA-GSFC, Boston U.
sis of data taken on the flight of thg-ray arcminute tele- and Columbia, continued his investigation of unidentified
scope imaging systefGRATIS)rom Alice Springs, Austra-  y-ray sources detected BBGRET A summary paper includ-
lia last fall. The GRATIScollaboration involves Columbia, ing all GRO observations of they-ray source 2CG 13561
Lawrence Livermore National Lab and UC Santa Barbarauntil the end of 1995 was recently completed and submitted
GRATISIis a narrow field of view telescope operating in thein collaboration with theEGRET team. Interestingy-ray
20-200 keV energy band. It has taken the first arcminutevariability was detected from this source, even though an
angular resolution images of theray sky. About a dozen unambiguous correlation with the radio flaring activity of its
targets were observed during the Australia flight and mospossible counterpart LSI 61-303 could not be established.
were detected. Highest priority is being given to GRS1915The source 2CG 1351 might be a powerful radio pulsar
the double-lobed radio source which is highly variable atsurrounded by a gaseous outflow from a massive companion
radio, X-ray andy-ray energies. This source displayed un-star as in the case of the PSR B1259-63 system. Correlated
usual temporal behavior during the flight. We are also at-y-ray and radio flaring behavior of the source might confirm
tempting to narrow down the SIGMA error box for the this model. A crucial finalfor EGRET observation of 2CG
y-ray emission to establish definitively the association of thel35+1 was carried out in September 1996 together with si-
vy-ray and radio emission. We anticipate localizing themultaneous radio monitoring at the VLA. Analysis of these
y-ray source to~10 arcsec. Analysis has also begun onrecent data is under way. Tavani is developing a detailed
1E1740.7, another mini-quasar source in the Galactic centetheoretical model of 2CG 1351 based on the wealth of
and 47Tuc, a globular cluster with a large number of milli- X-ray and y-ray data recently obtained.
second pulsars. We expect to fly the payload again in the Tavani and collaborators at the NASA-GSFC continued
next year. their study of time variabley-ray sources near the Galactic

Hailey and Craig are also examining tROSATdatabase plane. A new remarkable-ray transient near the Galactic
to search for young, isolated neutron stars. This search irplane(GRO 1838-04 was discovered during @a88GRETob-
volves cross-correlations of a large number of catalogs tgervation in June 1995. The-ray flux of this new source
find potential candidate fields and a combination of astromwas shown to rise within a timescale of a few days/weeks
etry, temporal analysis and color photometry to identify can+eaching a flux level comparable with that of the Geminga
didates for follow-up observations with future X-ray spectro-pulsar. No radio-loud spectrally-flat blazar is within the 99%
scopic missions such a&XAF and XMM. X-ray studies of confidence error box of GRO 1838-04. Canonical interpreta-
SNR usingROSATare also continuing, with a study of X-ray tions in terms of extragalactic or Galactic sources are all
emission in CTB1 just completed and a study of the Velaproblematic, and GRO 1838-04 may turn out to be a mani-
SNR nearly completed. festation of a new class of variablgray sources. Further

As the multiwavelength campaign of observations of PSRwvork on the identification of the counterpart of GRO
B1259-63 in coincidence with the January 1994 periastrori838-04 is under way. The existence ofyaray transient
passage was completed, Tavani and Aroi3erkeley such as GRO 1838-04 indicates that blazars and isolated pul-
showed that X-ray/softy-ray emission from the system is sars(Crab, Vela, Geminga among othgrme not the only
most likely determined by a relativistic shock of pulsar wind sources producing-ray emission.
particles interacting with gaseous surroundings from the Be In a separate project on X-ray bursters, Tavani with col-
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laborators at Columbia, NASA-MSFC and Harvard contin-this investigation is to provide a workable theoretical model
ued his analysis of high-energy emission from accreting neuand determine the physical nature of the GRB phenomenon.
tron stars. The discovery by our group of anticorrelated sofDifferent tests on the cosmological or local nature of GRBs
and hard X-ray emission from the X-ray burster 4U 0614are being developed.
+091 agrees with a non-thermal model of hard X-ray emis- Kaaret, Ford, and Tavani with B. A. HarmdMSFO),
sion based on explosive magnetic field reconnection near th®.N. ZhanglUSRA), and J. Grindlay, P. Bloser, and D. Bar-
inner accretion disks of neutron stars. Tavani in collaboratiomet (CfA) have detected quasiperiodic oscillatiq@POs at
with E. Liang (Rice) is completing a theoretical model of frequencies near 1 kHz from the nearby X-ray burster 4U
non-thermal high-energy emission from accreting compac0614+091. The QPOs give evidence that the neutron star
stars. Of particular relevance is the discovery by our group ahas a spin period of 3.1 ms. This establishes that at least
Columbia of quasi-periodic oscillatiof®POS3 in the X-ray = some millisecond pulsars are produced in low-mass X-ray
emission of 4U 0614 091. The complex QPO phenomenol- binaries. In addition, interpretation of the highest frequency
ogy of 4U 0614+091 and other sources requires a re-QPO as a Keplerian orbital frequency leads, via consider-
evaluation of the fundamental magnetospheric and accretioations of the stability of orbits in general relativity, to limits
processes near accreting neutron stars. Tavani is involved om the mass and radius of the neutron star oMl;,%and 17
the theoretical analysis of these phenomena. km, respectively. The same group has an on-going program
Tavani is engaged in theoretical and interpretative analyto search for hard X-ray emission from X-ray bursters. Ob-
sis of Galactic X-ray transients showing superluminal radioservation of a hard X-ray outburst in April 1996 from the
plasmoid ejection§GRS 1915105 and GRO J1655-40 nearby X-ray burster 4U 0634091 with BATSE and the
Observations of the most prolific of the transiet@RS 1915 XTE/ASM showed an anticorrelation of the hafd0-100
+105 were recently carried out bRSCA GRO and SAX keV) and soft(2-10 keV) X-ray emission from this object.
and Tavani is deeply involved in the interpretation of the Kaaret and Cottam have shown that the unidentified 100
data. A dedicated radio monitoring program of high-energyMeV vy-ray point sources near the Galactic plane lie in or
transients at the Green Bank Interferometer was also recentlyear OB associations and are therefore Population | objects.
revived, with the aim of making the radio data available forRecently, Kaaret has shown that the number of visible
multiwavelength analyses. Particularly important is the es-y-ray pulsars is 5—7 times larger than the number of visible
tablished correlation in the case of GRS 191®5 and GRO  y-ray supernovae remnants. This strengths the conclusion
J1655-40 of radio flaring activity and hard X-ray outburstthat young pulsars constitute the majority of the unidentified
emission. Tavani is developing a model of magnetic fieldy-ray point sources at low Galactic latitudes.
instability in accretion disks which can be used for the inter- Kaaret and A. Chen are studying the diffuse high-energy
pretation of these data. v-ray background. Their analysis has led to the first direct
Tavani is further developing a model of-ray burst measurement of the inverse-Compton productionyafiys
(GRB) emission based on synchrotron emission of relativisin the Galactic halo. Recently, they have shown that the
tic MHD particle winds interacting with optically thin nebu- properties of the isotropic background are consistent with an
lar enviroments. This emission mod@pplicable to both origin as emission from unresolvegiray AGN and have
cosmological and Galactic interpretations of GRBsccess- placed constraints on the number versus flux relation for
fully explains all the broad-band spectra of GRBs includingy-ray AGN.
X-ray and y-ray data. Spectral features such as the peak Paerels, together with Min Young HufBerkeley,
energy of thevF, spectrum and the distinctive low-energy Mauche (LLNL), and Heise(SRON Utrecht completed a
and high-energy emission are interpreted in the frameworlpreliminary interpretation of the 70-130 A extreme ultravio-
of a model of synchrotron emission of relativistic particles oflet spectrum of the magnetic white dwarf star in the cataclys-
Lorentz factor 16< y<10° in a shocked region of comoving mic binary AM Herculis. The spectrum, obtained with the
magnetic fieldB in the range £B=<10° G. These values are Short Wavelength Spectrometer BWVE, shows absorption
strongly suggestive of nebular environments surroundingdges and absorption lines due to highly ionized Neon.
compact objects producing relativistic winds. Whereas thaVhile these features are expected in this band for effective
low-energy spectrum of GRB emission is substantiallytemperatures of order 30 eWvhich is about how hot this
‘fixed’ in this model (and affected only by self-absorptipn stellar photosphere )is the relatively low contrast at the
the high-energy emission of GRBs clearly shows the existedges, and the simultaneous presence of features due to
ence of a supra-thermal accelerated component of radiatingither different ionization stages of Ne seem to indicate that
particles. the atmosphere is not in radiative equilibrium but is heated
Tavani is currently engaged in developing a comprehenfrom above. One possibility is that the atmosphere is being
sive model of GRB emission with applications to cosmologi-heated and photoionized by hard radiation produced behind
cal and Galactic scenarios. Different scenarios are being coran accretion shock. The quantitative interpretation of the
sidered for emission from an impulsive acceleration event irspectrum in terms of models for such irradiated photospheres
an optically thin environment. In particular, constraints onis in progress.
GRB emission mechanism derived from the lack of inverse Paerels, together with LiedafiLLNL ), completed the in-
Compton and absorption processes in broad-band spectra degpretation of the 2—10 keV emission spectrum of the lumi-
being derived. Acceleration models affected by baryon loadnous X-ray binary Cygnus X-3, obtained with the Solid State
ing and strong cooling are being studied. The ultimate aim ofmaging Spectrometers AkSCA The spectrum is dominated
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by discrete emission features. Most of these correspond toy a blackbody ofT=(4—6)x10° K. Several manifesta-
then=2-1 transitions in the He- and H-like ions of Mg, Si, tions of time variability in Geminga’s X-ray pulse profile and
S, Ar, Ca, and Fe. But most spectacularly, a few isolatedpectrum were also found. These can be interpreted as fluc-
features that do not correspond to known discrete transitiontiations in the process that supplies Geminga’s inner mag-
turn out to coincide exactly with the recombination edges innetosphere with the high density of pairs needed to explain
H-like S, Si, and Mg. The narrowness of the features immethe narrow dips in its soft X-ray light curve as cyclotron
diately indicates that the gas must be photoionized and henaesonant scattering within a few stellar radii of the surface.
is cold, rather than in collisional equilibrium at high tem- Wang and Halpern are expanding their efforts to other
perature. The recombination edges are even marginally reetation-powered pulsars observed BBCA and ROSAT
solved, which allows for a direct temperature measurementnd are proposing for longé&SCAobservations of several of
Moreover, the measured temperatu@$ew tens of eYare  these to study phenomena such as the spectrum of a neutron
roughly consistent with values predicted with X-ray photo-star atmosphere, and the spectrum and pulse profile of a mil-
ionization codes. A full interpretation of this spectrum is lisecond pulsar. These new observations are necessary to dis-
expected to yield important information on the structure ofentangle thermal and nonthermal processes that may be
and conditions in the emitting medium, which may or maypresent in the same object, and to correctly derive quantities
not be identical with the massive Wolf-Rayet wind blowing such as the effective temperature of the neutron star surface,
off the companion star seen in IR spectroscopy. and the luminosity of a heated polar cap. With the same
The Seyfert 2 galaxy NGC 1068 was observed WNBCA  goals in mind, Halpern is also participating in proposals to
early on in its mission. Its emission spectrum below 2 keV isstudy optical and UV pulsations and spectra of intermediate-
completely dominated by line emission, which has been inage pulsars from space and from the ground. Both thermal
terpreted as arising in a multi-component hot gas in colli-and nonthermal radiation apparently contribute in this wave-
sional ionization equilibrium. The hot medium has been asiength range as well.
sociated with gas in the energetic starbursts occuring in the Halpern, C. MartinCaltech, and H. Marshal(MIT) pub-
very inner regions of the galaxy. Paerels, Liedahl, Sakdished several papers on lofdJVE observations of rotation
(LLNL) and Kahn are pursuing an alternative interpretationpowered pulsars. They detected pulsed emission from Gem-
in which the soft X-ray line emission originates in an X-ray inga (P=0.237 3 and the nearby 5.75 ms pulsar J0437—
photoionized medium close to the nucleus. Early attempts td715. Both light curves are similar to those in the $@-
fit the data with model spectra appropriate to such a sourc8ATband. TheEUVE flux of Geminga is consistent with an
(based on atomic structure calculations specifically perextrapolation of the blackbody spectrum fitted to R@SAT
formed for this purposeare very encouraging, both in terms data, while in PSR J0437-4715 it is still not possible to rule
of the closeness of the models and the measured spectrum,@st either nonthermal models or thermal emission from
well as the physical interpretation of the implied parameteheated polar caps. In parallel with the latter target, a 20 day
values. light curve of the Seyfert galaxy RX J0437.4—-4711 was ob-
X-ray emitting cooling young neutron stars, or reheatedtained that shows rapid variability, as well as a transient
neutron stars detected initially as millisecond radio pulsarperiod of 0.9 days in the ultrasoft X-ray flux detected by the
are expected to show photospheric absorption features IBUVE Deep Survey intrument. This period could correspond
their soft X-ray spectra. In a shoAp.J. Letter(in press, to orbital motion in the inner accretion disk around a black
Paerels points out that if one could measure the surface gratole of mass~10fM .
ity of a neutron star by measuring the pressure broadening of Harrus and Helfand are pursuing an analysis of the X-ray
photospheric absorption lines, as well as the gravitationaémission from the old radio pulsar PSR192H) using data
redshift of the lines, one could immediately determine thefrom theROSATPSPC and HRI, and froASCA They find
mass and the radius of the star. A test of the M-R relation foe hard component in thASCAspectrum which is inconsis-
neutron stars has not yet been performed, and this spectrtent with the thermal emission inferred from the earkRsD-
scopic measurement may be the only feasible one. Quantu®AT results. They are continuing to explore the energy-
calculations of the pressure broadening show that Oxygedependent pulse fraction and the possibility that nearby
VIIl Ly B has a large width at typical neutron star atmo-diffuse emission is complicating the measurement of the
spheric densities and temperatures6t eV), easily detect- neutron star's emission.
able with the next generation of X-ray spectrometers. In ad-
d|t|(_)n_, the continuum qu_xe_s expected from typical thermally5. GALAXIES
emitting neutron stars withir- 500 pc are such that the pros-

pects for photospheric spectroscopy are excellent. Buchalter, Kamionkowski, and Rich investigated how one

might learn more about the nature of the objects responsible
for gravitational-microlensing events observed toward the
4. PULSARS & NEUTRON STARS Galactic bulge. If the deflectors are faint but otherwise ordi-
Halpern and Wang completed a comprehensive X-rayary dwarfs in the bulge or disk, then unresolved light from
study of the Geminga pulsar using data fréd®@SATand the deflector will contribute to the observed light from the
ASCA They resolved the nature of the strongly modulatedsource star and therefore distort the shape of the standard
hard X-ray emission from Geminga in favor of nonthermal microlensing light curve. The shape of the light curve will
emission, rather than thermal emission from a small, hot poalso be distorted by the Earth’s orbital motion. Detailed and
lar cap. The soft X-ray spectrum continues to be well fittedaccurate followup observations of lensing events in progress
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may be able to distinguish such distortions and thereforés the search foH | emission from the environment of
provide information on the masses, distances, and speeds éarby Lyman alpha absorbers. The Lyman alpha absorbers
the deflectors. have been found by probing sightlines toward UV bright
Crotts and Yihu Fang, in collaboration in part with Bech- AGN’s which are located behind well defined local super-
told (Arizona) and Duncan(Texas, Austif, have continued clusters and voids. Currently, van Gorkom, CarMRAO),
their study of the size and nature of Lyman alpha foresiStocke and Shul{Univ of Coloradg are making a uniform
clouds. They have shown that the measurement of cloudata set in which a fixed volume is searched around each
sizes with pairs of QSO sightlines of various angular sepaabsorber to a fixed mass limit. A puzzling result that seems
rations are not consistent with a single size of unclusteredp be emerging is that the galaxies foumdH | close to the
spherical clouds. Furthermore, they correct a previous errombsorber always seem to be within 20 km/s of the velocity of
in the literature to show that the cloud size is actually 50%the Ly alpha system, though they are sometimes at large
larger than our previous estimate, or about 300 kpc in diam-projected distance€0-300 kpg.
eter (for H,=100 km s* Mpc™?! and q,=1/2) for clouds The very advanced stages of mergers of galaxies are be-
stronger the 0.4A rest equivalent width and for small QSQing studied by Schiminovich, van Gorkom and van der Hulst
separations. They also detail the interesting similarities in théKapteyn Institute, GroningenH | data have been obtained
properties of Lymar clouds and faint blue galaxies. Crotts for a sample of 20 elliptical galaxies with optical fine struc-
and Fang are now using triplets of QSO sightlines to underture,i.e., arcs, ripples and shells, as revealed in deep optical
stand whether the behavior of inferred cloud size with QSGmages. More than half the sample has been detected in H I.
sightline separation is due to non-spherical cloud shapeirom the kinematics and the distribution of the gas, some
small-scale clustering, non-uniform cloud size, or a combidinsight may be obtained into the type of event that created
nation of these. the shells and the possible future evolution of the galaxies.
Crotts and Tomaney have completed their second season Various studies of the effect of cluster environment on
of observations of microlensing of stars in M31 due togalaxy evolution and on the formation history of clusters are
masses in M31 and the Galaxy. They put interesting limitsunder way. Dep H | observations of Abell 2670 at a redshift
on the presence of massive obje(ACHOSs) of masses of 0.08 have been obtained by van Gorkom, Guhathakurta
between 10’M, and 0.08/ ., as major constituents of M31 (UCSQ and DwarakanatfRRI, Bangalorgand the data are
and the Galaxy. Furthermore, they have found six candidateurrently being analyzed. SzomofuCSQ), Poggianti(loA,
events that might be due to microlensing caused by mass&ambridge and van Gorkom have been allocated time to
of about M, although they also show that a few of these observe Abell 2390, a well known Butcher-Oemler cluster at
are likely caused by confusion of microlensing lightcurvesa redshift of 0.2 with the WSRT. Related to this is a search
with mira-like variables. They are continuing their survey in for H | from a spectroscopically selected sample of so called
1996 and will be able to use the new data to decide if thes&+A galaxies by ZabludoffUCSQ, van Gorkom, Zaritsky
six events are truly due to microlensing, and to discover neWUCSQ and ShectmafDTM) at low redshift ¢=0.1). Two
candidates. galaxies have been observed so far, one in a cluster which
Rich and student Xinzhong Chen, in collaboration withwas not detected in H I, one in the field, which showed long
M. Carollo (Leiden and J. Danzige(STSc) have imaged 3 tidal tails in H I.
elliptical galaxies with kinematically distinct cores using Valluri & G. C. Anupama(llA) completed a study of the
HST. Preliminary analysis indicates that there is no indica-properties of the 4 emission-line regions in the inner 3 kpc
tion of strong or unusual color gradients in the regions, nor iof three of the four elliptical galaxies in the Hickson Com-
there a sign that the surface brightness profile deviates fropact Group 62. The study showed that there is no evidence
normal in any way. NGC 2434 has a strong dust lane in thehat the emission-line nebulae are associated with the large
inner 2 arcsec, while IC 4880 has a round face-on torus o$cale cooling flow in the X-ray halo associated with the
dust in its nuclear region. group and the emission probably arises from photoionization
Van Gorkom probes the formation and evolution of gal-by hot stars.
axies and the large scale structure of the universe by studying D. Merritt (Rutgers and Valluri investigated the develop-
the properties of the gas of systems in different environmentment of chaos in triaxial elliptical galaxies with a central
and by doing optically blid H | surveys. A number of cusp or black hole. In large ensembles of stochastic orbits
projects have been completed this year. A study of the H thosen to have identical energies, we found mixing on times-
properties and environments of optically known galaxies incales of less thar-100 orbital times; a near-invariant den-
the Bodes void shows that it is the near environment thatsity distribution was reached. These results suggest that the
mostly affects the evolution of galaxies. Bee void galaxies stochastic regions of phase space in most ellipticals are likely
appear to have formed on local density enhancements; thetio be fully mixed, which strongly constrains the existence of
properties are indistinguishable from galaxies living in largeself-consistent triaxial equilibria. J. SellwodRutgers and
scale environments that are more dense by a factor of five/alluri investigated the stability of oblate spheroidal
Currently, SzomorgUCSQO), van Gorkom and GregdGPP Kuzmin-Kutuzov models. Non-rotating models flatter than
are investigating the shape of the density enhancemenis7 were unstable to a lopsidednE 1) mode which was
found in Bodes to test theories of structure formation, which stabilized by increasing streaming motion. Interestingly, all
predict that galaxies form along filamentary structures. rotating models rounder than an E7 galaxy model were found
Another project to study the large scale distribution of gago be completely stable to bar and spiral instabilities.
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Van Gorkom and Valluri are studying the substructure inwhich the two displaced peaks are associated with distinct
the Hydra cluster based on a volume limited 21-cm survey obroad-line regions belonging to binary black holes.
this cluster. From ta H | properties of the galaxies they find  However, accretion-disk emission is still a viable model
evidence for a foreground spiral rich group superposed ofor double-peaked emission lines in AGNs. Halpeatal.
the center of the cluster. published UVHSTspectra of the prototypical double-peaked

Prendergast is Continuing his collaboration with L. Atha- emitter Arp 102B, Showing striking behavior in the line in-
nassoula(Marseille on the structure and evolution of dE tensity ratios among the disk-like emission-line components.
galaxies. The extensive numerical work on this problem hagy particular, the disk-like component is completely absent in
yielded theoretical correlations of various measurable quan-yman «, as well as in the higher ionization UV resonance
tities (such as central surface brightness and effective radiugines, while all of the lines possess normal intensity ratios in
with absolute magnitude, in excellent agreement with thene «ordinary,” low-velocity broad line region. In addition
observations. A crude analytic treatment has been developgg g, ing the existence of two different sources of the broad
which shows that the numerical results are physically plaulines in the same object, the upper limit on double-peaked

sible. Lyman « is in agreement with the models of photoionized
accretion disks by Collin-Souffrin and collaborators. A ser-
endipitous discovery in the UMST spectrum of Arp 102B
6. ACTIVE GALACTIC NUCLEI was a plethora of associated absorption lines, many of which
Forster is studyingqROSATand ASCAobservations of a arise from excited levels of Fe Il. These metastable absorbers
variety of intermediate-type Seyfert galaxies for their vari-are extremely rare in BAL QSOs, and virtually unknown in
ability, spectra, and spatial distribution of soft X-rays. TheseSeyfert and radio galaxies, so their presence in Arp 102B is
data will be used to address unifying schemes for Seyfera mystery.
galaxy classification, the relationship between AGNs, normal Eracleous and Halpern are continuing their UV spectros-
and starburst galaxies, and the sources of the X-ray backopy of double-peaked emitters with th¢ST. One object
ground. Included in these studies are Seyfert 1.8 and 1.Qirns out to be a dead ringer for Arp 102B, while two others
galaxies, narrow-line Seyfert 1 galaxies, and LINERs. Forshow different behavior in their ultraviolet lines. Analysis of
ster and Halpern discovered that one of the most luminoughese additional data is in progress. A ne8T proposal for
narrow-line QSOs with permitted Fe Il emission, PHL 1092,y spectroscopy includes newly discovered double-peaked
has a very steep X-ray spectrum and rapid X-ray variabilityemitters whose Balmer lines are even brighter than those of
that stretches the limits of efficiency of accretion onto a NON-Arp 102B, as well as radio-quiet objects in which previously
rotating black hole. In this respect, PHL 1092 is the most; known double-peaked components appeared suddenly
luminous known member of the class of narrow-line Seyfert(NGC 1097, M 81. Halpern and Eracleous are also continu-

1 galaxies, also known as | Zw 1 objects, which are characy, g yheir study of the X-ray spectra of double-peaked emit-
terized by these same spectral and variability properties. Folars with ASCA looking for similar behavior in the Fe &
ster has also found a correlation between X-ray spectral inﬁnes of broad-line radio galaxies

dex and X-ray luminosity among a sample of optically Spectropolarimetry is another tool that is beginning to be

ggs:overed I Zw 1 objects that is not biassed by X-ray SeIeCélpplied intensively to the double-peaked Balmer lines in

Halpern and E. Morar(IGPP/LLNL) are studying the AGNSs. K. Chen, Halpern, & TitarchukNASA/GSFQ cal-

ASCAX-ray spectrum of another interesting | Zw 1 object, culated the polarization properties expected for line emission

IRAS2018.1—2244. This was one of 20 similar objects foundfrom an accretion disk under various assumptions about the

by Moran, Halpern, & Helfand in their spectroscopic classi-Source function of the line and the electron scattering optical
fication 011 IRAS ga[laxies detected in thROSATAII-Sky depth. They showed that the surprisingly high polarization

Survey. Their optical spectroscopy also identifed a numbepbserved for the bt emission line in Arp 102B by Anto-

of composite Seyfert 2/H Il region galaxies among this sur"UcCi étal. can be understood in terms of a photoionized
vey, making composites a possibly significant factor in un-atmosphere on a disk with electron scattering optical depth

derstanding the nature of low-luminosity AGNs and the©f Order unity. . _ _
X-ray background. Helfand and Halpern, in collaboration with E. Moran

Halpern and Eracleou®/C Berkeley are continuing their (IGPP), completed their series of papers on X-ray-selected
long-term spectroscopic monitoring program of very broad |RAS samples of AGN, concluding that there is no evidence
double-peaked Balmer lines, which are found preferentiallyfor & population of X-ray luminous starburst galaxies in ei-
in radio-loud AGNs. The main source of data for this pro-ther theEinsteinEMSS orROSATRASS samples. They did
gram is the KPNO 2.1m, but telescopesGEIO and Lick  discover a new class of composite Seyfert/starburst galaxies
Observatory are also being used. The profiles of thes# which the spectrum is dominated by starburst-like lines,
double-peaked lines are often highly variable on time scalebut weak, broad O Il and a high X-ray luminosity imply that
of months to years, a behavior which can be exploited t@n AGN is also present. If such objects are common, they
evaluate models for their origin. For example, the lack ofcould make a significant contribution to the X-ray Back-
systematic variations in the velocites of the line peaks obground. They also find that these far-IR/X-ray samples con-
tained from spectra spanning 10—20 years in several objectain a large fraction of rare | Zwl-type, narrow-line Seyferts
(Arp 102B, 3C 332, 3C 390)Xtrongly disfavors a model in  with strong Fe Il emission.
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7. COSMOLOGY tional fractal picture at these larger scales. The estimated

Kamionkowski and his collaborators, Jungni&hs), Ko- period of the lacunarity function is the same in both the
sowsky (Harvard, and Spergel(Princeton, investigated northern and southern data and this provides a good measure
what can be learned about the values of various cosmologic&f global homogeneity of the galaxy distribution. At scales
parameters from NASA's MAP and ESA’'s COBRAS/ upward of 100 Mpc the dimension appears to be climbing to
SAMBA satellite missions to map the cosmic microwave the limiting value of 3.
background CMB) with good angular resolution. In particu-
lar, it was found that with minimal assumptiorf3,can po- 8 OTHER THEORETICAL INVESTIGATIONS
tentially be determined to better than 10%, and with addi-  y5,ing considered various aspects of instabilities of disks
tional reasonable assumptions, perhaps as godd(&86). (g g Balmforth & Spiegel 1995 Balmforth and Spiegel
The CMB will also be able to constrain other parameters,aye pushed their studies into the nonlinear regime. As they
such as the Hubble parameter, the baryon density, the COfgye not included dissipation in their models, the center
mological constant, and others, and test with precisionanifold is infinite dimensional, even though there may be
structure-formation theories such as inflation. only one or two unstable modes in the system. This is in

Kamionkowski and his collaborators, Kosowskiar-  conrast to the usual situation in nonlinear instability of dis-
vard and StebbingFermilah, developed a formalism for  gipative systems. They have filtered out the infinitude of neu-
describing a polarization map of the CMB. With this formal- 431 modes by using slow time techniques. Some simple
ism, the contributions to CMB anisotropy and polarization yogels which could be studied in detail numerically bear out
from density perturbations and long-wavelength gravitytheir results but there are deep issues in the study of nonlin-
waves can be geome_trlcally decomposed. This therefqrgar instability of nondissipative systems that need to be re-
would yield a model-independent probe of a stochastiGolyed at the theoretical level. Their pap@almforth &
gravity-wave background, which could be important for test-gpjegel 199pis really meant to illustrate this rather general
ing inflationary models. difficulty.

In related work, Kamionkowski also pointed out that if  Umurhan and Spiegel have contued their study of acoustic
the Universe is open, there should be a cross correlatiopstapilities in simple model atmospheres. If the heat flux is
between the cosmic microwave background temperature argked on the top and bottom surfaces, there are archimedean
tracers of the mass distribution at large redshift, like thejnstabilities for waves of large horizontal wavelengths. For
X-ray background or radio sources. these, a nonlinear pattern evolution equation can be derived

Kamionkowski and Toumbas investigated classical cosand coupled to convective modes in the case of mild insta-
mological tests of an alternative cosmological model inpjlities. Other instabilities have been studied numerically
which the Universe is closed but still has a nonrelativistic-with the help of E.T. ScharlemarthLNL ) but their physical
matter density less than the critical density. This is madeyrigin has not been fully clarified.
possible by the presence of a topologically-nontrivial field Kamionkowski, X. Chen and BahcalllAS) have re-
configuration throughout the Universe known as a “tex-calculated the electron-screening correction to nuclear-fusion
ture.” The model was found to be viable and some futurerates in stellar interiors. A small correction to previous re-
tests were proposed. Kamionkowski and X. Chen, withsults was obtained and verified by numerical calculations.
Liddle and HindmarsiSussex have been investigating the  Pilla has been continuing research begun with Shaham on
stability of this scalar-field configuration and its dynamics. non-equilibrium processes @™ pair plasmas. A new nu-

Kamionkowski and FreeséMichigan) investigated the merical code which evolves the complete Boltzmann equa-
possibility of indirectly detecting a specific supersymmetrictions for e*-photon pair plasmas of arbitrary energies and
dark matter candidate, a light Higgsino hinted at by accelerainitial distributions has been developed. The calculation is
tor experiments. If present in the halo, these particles shouldeing used to study possible origins of non-thermpaday
accumulate in the Sun, annihilate therein and produce enegpectra from AGN andy-ray bursters.
getic neutrinos which could be observed in neutrino tele- A. Slyz is completing an axisymmetric version of the
scopes such as Kamiokande, MACRO, AMANDA, and kinetic-theory(BGK) based hydrocode developed by Xu and
NESTOR. Kamionkowski and collaborators BergstromPrendergast. This code will replace the one currently in use
(Stockhom and EdsjoUppsala have been investigating the for the dE problem, and should make it possible to examine
improvement in the sensitivity of such neutrino telescopes tahe role of instabilities during galaxy formation.
point sources that can be achieved with better angular and Zhu and Ruderman finished their study of electron-
energy resolution. positron pair production and annihilation within the Crab

Murante (Turin), Provenzale (Turin), Spiegel and pulsar's closed magnetosphere. Outer-magneto- sphere ac-
Theiberger(Beer Shebphave discussed possible interpreta- celerator models seem capable of giving thé°40'e™ pair
tions of the galaxy distributiongProvenzale, Spiegel, & annihilation rate and the narrow gravitationally red-shifted
Thieberger, R., 1996; Murante, Provenzale, Spiegel, & Thiee™ annihilation line shape in the pulsar spectrum which have
berger, R., 1996 For the smallest scaledelow about 5 been reported by the Figaro collaboration. The line intensity
Mpc) they suggest that the statistics are dominated by derand the red-shift magnitude would be expected to decrease
sity singularities but for larger scales they fifidsing the together whenever the net current through outer-
CfA datg that the correlation dimension is 1.8 and that theremagnetosphere accelerators is diminished. An essential fea-
is evidence for a lacunarity function. This suggests a conventure is the expected formation of an electron-positron layer
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well above the pulsar surface in which gravitational pull to- Currently the experimental effort by the collaboration is
ward the star is balanced by a push from cyclotron scatteringn the preparation of the LXe-TPC detector as balloon-borne
of polar cap X-rays. Applications to otherray pulsars with  instrument for a turnaround flight in Spring 1997 from Ft.
smaller spin-down powers than that of the Crab pulsar wer§Sumner(NM) (E. Aprile et al., 1996x In this first flight, the
also considered. TPC, with its 1 millimeter spatial resolution and 6%
Zhu and Ruderman also continued to explore conse(FWHM) energy resolution at 1 MeV, will be tested as
quences of the interaction between moving neutron supeiCompton telescope, sensitive jerays from 300 keV to 10
fluid vortex lines in spinning-down radiopulsars and the stel-MeV within a 1 sfFOV. Its detection efficiency for Compton
lar magnetic field. The consequent evolution of surfaceevents is expected to be 4% in the 1-3 MeV energy band,
magnetic field was used to describe the observed spin-dowghe of great astrophysical interest for both continuum and
indices ) in the Crab pulsar family and to show how the |ine emission. The calculated 3 sigma continuum sensitivity
Vela pulsar's index should differ froom=3 by a much of1.8x10 7cm 2sec ! keV!inthe 1-3 MeV range for a
larger value than that for the Crab. An attempt is in progressiominal 10 hours observation time, is sufficient to detect a
to try to understand glitches as crust breaking events causefriety of sources at MeV energies with an imaging accuracy
by core magnetic field motions overstressing the conductings good as 1 degree.
crust. An early result raises serious questions about the con- Fojlowing the calibration flight with observations of the
ventional assumption that any sudden spin-up of the stellagrah Nebula, the collaboration will pursue a vigorous pro-
crust is shared with the core’s superfluid neutrons withingram of balloon flights with this new type of imaging tele-
much less than fOsegonds. . _ scope to achieve the maximum science return. Cygnus X-1,
Kahn and Paerels, in collaboration with C.J. Hess, now ajyhich is readily detectable with the LXe-TPC in a 3-hour
lllinois Wesleyan University, have completed a study of thégpservation, and the Orion region are among the science tar-
properties and spectroscopic implications of thermal instabilyets of interest. As a result of the recent competion for fund-
ity in X-ray binary and AGN accretion flows. This project ing under the NASA Gamma-Ray Astronomy Supporting
was undertaken to address apparent discrepancies betwegBsearch and Technology program, the Columbia team has
the discrete soft X-ray spectra of some low-mass X-ray bipeen approved to continue the balloon flight program with
naries and Seyfert galaxies, and the predictions of photoionye present prototype and to engage in further development
ization .codes, via an examlnatlon of the thermgl stability ¢ liquid rare gas imaging technology for a next generation
properties of model accretion flows. The possibility of SUP-| jquid Xenon Gamma-Ray Imaging TelescofieXe-GRIT)

pressing the thermal instability, which coincides with the ¢ il permit a drastic improvement in sensitivity and an-

abundance peaks of the lowest-few iron-L ions, was '”VeSt'gular resolution for medium energy-ray astrophysics. In

gated by varying conditions in the model plasmas. They,qanoration with R. Mukherjee and J. Esposito of NASA/

identified in detail the mechanism which controls the onselssec and T. Dame, S. Digel and P. Thaddeus of CfA, the
of instability and found that the existence of thermal mSta'Columbia group is also involved in an analysis of the Orion
bility at temperatures where the line-emitting iron-L ions cloud region usinEGRETdata.

peak in abundance, is robust to changes in the ionizing spec- The Orion complex, owing to its proximity, large mass

trum and elemental abundances. These results have mphcg—nd solid angle is ideally suited for the analysis of its high

tions fqr the interpretation of ;peptra from dynamic accret'onenergy y-ray emission to determine the uniformity of the
flows in low-mass X-ray binaries, Seyfert galaxies, and

. - cosmic ray intensity on the scale of a molecular cloud, iden-
warm absorber” systems. tify regions of possible enhanced cosmic ray density, and
determine the molecular mass. The goal of our investigation
is to use the increased statistics from the new exposure data
9. LABORATORY ASTROPHYSICS & INSTRUMENT obtained wWithEGRETto better distinguish cosmic ray ex-
DESIGN cesses from background compact sources and variations in
The Gamma-Ray Detector group at CAdprile, Egorov, molecular column density. Fang Xu and Silver have made
Zhou Ishida, Silver, Tabibian, and Xin collaboration with  significant progress on this analysis so far. A detailed analy-
Waseda University, the University of New Hampshire, andsis of the final data set will involve a more precise calibration
NASA/MSFC is continuing the development of an imaging of the X-ratio, relating H Il emission to CO densities, and
v-ray telescope based on a Liquid Xenon Time Projectiorwill also look for any energy dependence Xf and for sig-
Chamber (LXe-TPC) for observations of astrophysical nificant variations ofX or the emissivity across Orion. This
sources emitting at MeV energies. An engineering prototypavork on Orion will contribute to our understanding of
LXe-TPC, with a sensitive volume of 20 cid 20 cmX 8  gamma-ray and cosmic ray production mechanisms, the local
cm has been built and its performance ag-my spectrom- cosmic ray density, and the properties of the ISM.
eter and three-dimensional imager has been tested in labora- Kaaret, Novick, and Tomsick continue work on the Stellar
tory experiments. By combining the LXe-TPC as position X-Ray Polarimete(SXRP)for the Spectrum-X-Gamma mis-
sensitive y-ray detector for the 0.3—10 MeV band, with a sion. The flight model of th&XRPhas been completed and
coded aperure mask, one can achieve arcminute point sourbas undergone calibration and environmental testing. When
localization accuracy in a highly efficient, low background launched, in 1998, th&XRPwill provide an order of mag-
telescope. The application of such a telescope to a study afitude increase in polarization sensitivity relative to any pre-
26A1 Galactic emission has been reported. viously flown X-ray polarimeter.
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Paerels and Kahn completed work on a recalibration ofive line intensities of various Fe XXIII and XXI\L-shell
the diffraction efficiency of the X-ray transmission gratings emission lines predicted by standard plasma emission codes.
on EXOSAT In the course of the analysis of a set of Trans-To address this issue, Kahn and Savin with their collabora-
mission Grating Spectrometer data on Scorpius X-1 they notors P. Beiersdorfer(LLNL), J. Crespo Lpez-Urrutia
ticed that radiation diffracted into large angles had appar{LLNL), V. Decaux(LLNL), E. M. Gullikson (LBNL), D.
ently been detected from this source. The most likelyA. Liedahl (LLNL), K. J. Reed(LLNL ), and K. Widmann
explanation for this detection was short-wavelength radiatiofLLNL ) have carried out a series of high resolution, broad-
diffracted into high (M>5) spectral orders. The quantitative band measurements of Fe XXIV line emission using an elec-
interpretation of the spectrum therefore required a calibratiotron beam ion trap facility. X-ray lines produced in the trap
of these high order efficiencies, which had never been donevere detected and resolved using Bragg crystal spectrom-
The new calibration was based on an explicit electromageters. They carried out measurements of various23and
netic model for the grating efficiencies, and allowed for4—2 transitions, which result primarily from electron im-
variation of the grating properties across the gratings. Th@act excitation. Overall, good agreement is found with dis-
new calibration successfully accounts for the large-angle distorted wave calculations.
persed flux in the Sco X-1 spectra. This effort is also relevant Kahn and his collaborators V. Deca(id_NL ), P. Beiers-
as a model for the still-to-be-performed calibration of thedorfer (LLNL), and V. L. JacobgNRL) have carried out
transmission grating spectrometers AXAF. laboratory measurements of high-resolution spectra of iron K

Hailey and Hong are involved with thtNTEGRALex-  a emission under transient ionization conditions similar to
periment, studying the anticipated background levels in théhose that are believed to exist in stellar flares and young
imaging instrument oiNTEGRALand possible means for supernova remnants. Using high spectral resolution
optimizing background rejection. This is being done in col-(A/AN=2000), they identified a number of transitions which
laboration with researchers at Marshall Space Flight Centetan serve as diagnostics of ionizing plasma. The effects of
and theINTEGRALimaging team. the electron distribution on these diagnostic lines were con-

Hailey is involved in theEXIST mission concept study. strained by varying the excitation energy in the experiment.
Columbia is working on sensitivity and background calcula-Using the measured line ratios, they deduced values for the
tions as well as issues related to the design and fabrication abnization time,»= Ngt, in the plasma, which agree with the
the mechanical elements of the telescdpXIST (Energetic  actual values to~20 % accuracy. This adds confidence to
X-ray Imaging Telescopds a collaboration additionally in- the ability to derive similar constraints on astrophysical plas-
volving Harvard, CalTech, GSFC, MSFC, JPL and severamas from remote X-ray spectroscopic observations.

European institutionsEXISTis a wide field of view instru- Kahn and Savin and their collaborators J. Linkemann
ment to perform an all-sky survey in the 20—600 keV energy(MPI for Nuclear Physics A. Wolf (Univ. Heidelberg, and
band. A. Muller (Univ. Giesseh have initiated a collaboration to

Hailey, Craig, Kahn and Jimenez-Garate are working ormeasure theAn=0 dielectronic recombinatiofDR) cross
the development of ultrathin, lightweight mirrors for arc- sections for F&*-Fe23+ (the iron L-shell iong. These
minute angular resolution imaging of softrays on a bal- measurements are important for understanding the ionization
loon payload calledHEFT (high energy focussing telescgpe structure and line emission from X-ray photoionized nebulae
This is a collaboration between Columbia, CalTech,(XPNs). Measurements have been carried out fot’Fe
Lawrence Livermore National Lab and the Danish Space Rewhich is predicted to exist in XPNs with electron tempera-
search Institutue. They are investigating mirrors made fromures of ~ 15 eV. The measured DR resonance energies in
thermally slumped glass or SiC, as well as more traditionathe 10-25 eV energy range lie more than 2 eV below the
epoxy-aluminum substrate replica optics. In each case thesonance energies predicted by the best existing calculations
optics are coated with graded-density multilayers to enhanc the literature. These calculations therefore significantly
high energy reflectivity. In addition to work on theray  underpredict the Fé" An=0 DR rate coefficient for exactly
optics, Columbia will be responsible for the gondola andthose electron temperatures whéne=0 DR is most impor-
precision aspect reconstruction system. tant.

Hailey and Hong are studying neutron-induced back- Kahn, Gu, and Savin and their collaborators P. Beiersdor-
ground iny-ray detectors. They are developing novel neu-fer (LLNL), G. V. Brown(Auburn), J. Crespo Lpez-Urrutia
tron shields called supershields which can be used to obtaif.LNL ), D. A. Liedahl (LLNL), and K. Widmann(LLNL )
very large reductions in the effect of neutron backgroundcontinued their investigations to carry out a series of defini-
compared to conventional shielding techniques. Supershieldsze measurements of line emissivities for the irbrshell
are passive shields consisting of multiple layers. This projecions in optically thin, thermal plasmas in collisional equilib-
involves the use of coupled particle-production — neutron—+ium. Using the Lawrence-Livermore National Laboratory
radiation transport code@-dimensional to model the evo- electron beam ion trafEBIT) they are carrying out measure-
lution of neutrons in a payload. It also involves more refinedments using a monoenergetic electron beam and also by
analytic calculations of the neutron source function and opramping the electron beam energy in time to simulate the
timization of the supershield design. Laboratory and balloonelectron energy distribution of Maxwellian plasmas. The aim
borne demonstration of the supershield designs will be unef the quasi-Maxwellian measurements is to achieve the ion-
dertaken in the next year. ization balance appropriate for a Maxwellian plasma and ob-

RecentASCAspectra exhibit discrepancies with the rela- serve the resulting line emissivities. Achieving the ionization
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balance appropriate for a Maxwellian plasma is importantton microstrip “trackers” backed by crystal calorimeters.
because line emission from a given charge state is coupletBiogether with Hong, the group is working on a redesign of
with the one lower charge state by inner shell ionization andhe calorimeter which incorporates scintillating fiber readout
by the one higher charge state by dielectronic and radiativéo provide an imaging capability, useful for retaining sensi-
recombination. tivity to events which do not convert in the tracker. The
Kahn is the Senior Co-Investigator and Principal Investi-group has also played a role in refining the scientific goals
gator for US Participation in the development of the Reflec-and spacecraft requirements for this mission.
tion Grating SpectrometefRGS)for the European Space  Kay spent part of the year on sabbatical as an NSF Inter-
Agency’s X-Ray Multi-Mirror Mission(XMM), which will national Research Fellow at the Institute of Astronomy and
launch in August 1999XMM is a facility class mission de- Geophysics, University of ®aPaulo, Brazil. She is collabo-
signed for high throughput spectroscopy of cosmic sourcegating with Dr. A.M. Magalhas on implementing polarim-
in the energy range 0.1—15 keV. It incorporates three dense§try optics into the RC spectrograph at t6&10 4m tele-
nested, grazing incidence telescopes, all co-aligned with thefgcope to allow for spectropolarimetry observations. Kay
own focal plane instrumentation. The RGS incorporates arteceived a 1995 NSF Faculty Early Career Development
rays of grazing incidence X-ray reflection gratings mounted CAREER grant, “Spectropolarimetry of Accretion Pow-
in the X-ray optical path directly behind two of the three ered Compact Sources,” to continue her research on AGN.
telescopes. The dispersed light is imaged by strips of CCD
detectors located near, but slightly offset, from the telescope g |cATIONS

focal plane. The spectrometer achieves a spectral resolvin}gpr”e E. et al. 1996, “Liquid Xenon Gamma-Ray Imaging
power~200~700 over the energy band, 0.3—2 keV, coupled " 1¢jescope(LXeGRIT) for Medium Energy Astrophys-
with very high effective area, greater than200 cnf. The ics,” SPIE Conference Proceedings on Gamma-Ray and
Columbia role in this experiment involves the design, devel- Cosmic-Ray Detectors, Techniques, and Missiofs-
opment, fabrication, and calibration of the reflection grating | ;me 2806 in press.
arrays, which is being undertaken at the Laboratory’s Nevisyprile, E., Bolotnikov, A., Chen, D., Tawara, H., Xu, F.,
facility by Kahn in collaboration with Paerels, Rasmussen, - chypp, E., Dunphy, P., Doke, T., Kikuchi, J., Masuda, K.,
Hailey, and graduate students, Cottam and Spodek. During gishman, G. & Pendleton, G. 1995, “The Imaging Liquid
the last year, this group completed the development of the xenon-Coded Aperture TelescogeXe-CAT),” in Ex-
Engineering Qualification Model for the grating array which  herimental AstronomyProc. of the Workshop on Imaging
is fully flight-representative except that it only includes iy High Energy Astronomy, eds. L. Bassani and G. diC-
~20% of the gratings that will be integrated into the flight  occo, p. 333.
models. This unit is currently undergoing testing at thepprile, E., Chupp, E., Bolotnikov, A. & Dunphy, P. 1995,
Panter X-ray Calibration Facility near Munich, Germany. “Determination of the2°Al Celestial Source Distribu-
Kahn is a member of the Science Working Group and tjon,” Ap.J, 453 685.
Paerels and Hailey are members of the Study Team for thga|dwin, J.A., Crotts, A., DuFour, R.J., Ferland, G.J., Heath-

High Throughput X-Ray SpectroscopfHTXS) mission cote, S., Hester, J.J., Korista, K.T., Martin, P.G., O'Dell,
which is under consideration by NASA as a major new start C R., Rubin, R.H. Tielens, A.G.G.M., Verner, D.A., Ver-

in the 2000-2005 timeframe. In its current “strawman” con-  nper, E.M., Walter, D.M. & Wen, Z. 1996, “Physical Con-

figuration, HTXS consists of six separate spacecraft, each ditions in Low lonization Regions of the Orion Nebula,”

equipped with a large, grazing incidence soft X-ray telescope Ap.J. (Letters)in press.

that “feeds” both a reflection grating spectrometer and agalmforth, N.J. & Spiegel, E.A. 1995, “Sinuous Modes and

cryogenic microcalorimeter spectrometer, as well as a com- Steady Warps of Polytropic Discs,” iWaves in Astro-

panion hard X-ray telescope that may consist of one or more physics G. Contopoulos, J.H. Hunter, Jr. and R.E. Wil-

grazing incidence modules with non-dispersive imaging de- son, eds., Ann. N.Y. Acad. Sci773 55.

tectors at the foci. This design yields very high effective areaBalmforth, N.J. & Spiegel, E.A. 1996, “Nonlinear ringing of

(2000-10,000 cfi) across a large bandpass, 0.2-40 keV, polytropic disks,” Physica D in press.

coupled with high spectral resolving power 300 at all en-  Becker, R.H., White, R.L., & Helfand, D.J. 1995, “The

ergies. Columbia has played a significant role in the design FIRSTSurvey: Faint Images of the Radio Sky at Twenty-

and development of both the reflection grating instrument cm,” Ap.J, 450, 559.

and the hard X-ray telescopes and detectors. Becker, R.H., White, R.L., Helfand, D.J., Gregg, M.D. &
Craig, Hailey, Kahn, and Ruderman, as well as S. Ritz McMahon, R.G. 1996, “Stellar Results from the FIRST

and F. Scuilli of Columbia’s Nevis Laboratory for High En-  Survey,” in Radio Emission from the Stars and the Sun

ergy Physics, have joined the collaboration developing the eds. J.M. Paredes and R. Taylor, ASP Conf. Ser. 93,

GLAST(Gamma-Ray Large Area Space Telesgapéssion p.422.
concept for consideration as a new start by NASA within theBecker, R.H., Helfand, D.J., White, R.L., McMahon, R.G. &
next few yearsGLASTis a follow-on to theEGRETexperi- Gregg, M.D. 1996, “First Results from the VLEKIRST

ment of GROwhich explores the very high energy gamma-  Survey,” in Proc. IAU Symposiupil75 in press.

ray range, 30 MeV-100 GeV, with significant improvementsBeiersdorfer, P., Vogel, D.A., Reed, K.J., Decaux, V.,
in effective area, angular resolution, and field of view. As  Scofield, J.H., Widmann, K., Heer, G., Foster, E., We-
currently envisionedGLASTwill comprise an array of sili- hrhan, O., Savin, D.W. & Schweikhard, L. 1996, “Mea-
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surement and Interpretation of the Polarization of the 390.3 and its Implications,’Ap. J, 459 89.

X-Ray Line Emission of Heliumlike Fe XXV excited by Fang, Y, Duncan, R., Crotts, A.P.S. & Bechtold, J. 1996,

an Electron Beam,’Phys. Rev. A53, 3974. “The Size and Nature of the Lymam Forest Clouds
Blanton, E.L. & Helfand, D.J. 1996, “ASCA Observations  Probed by QSO Pairs and Groupsp.J, 462, 77.

of the Composite Supernova Remnant G29.7-0&p'J, Fang, Y., Fan, X., Tytler, D. & Crotts, A.P.S. 1996, “Re-

in press. measurement of th H | Gunn-Peterson Effect toward
Borra, E.F., Levesque, S., Beauchemin, M., Morton, D., QSO PKS 1937-101 with Keck ObservationsAp.J,

Stoughton, C., Vanden Berk, D., York, D.G., Green, R.F. submitted.

& Crotts, A.P.S. 1996, “Spectroscopy of Quasar Candi-Ford, E., Kaaret, P., Harmon, B.A., Tavani, M., Zhang, S.N.,

dates Found with Slitless Spectroscopy, Il: 6 Northern Barret, D., Grindlay, J., Bloser, P. & Rmillard, R.A. 1996,

Fields,” A.J, 111, 1456. “Anticorrelated Hard/Soft X-Ray Emission from the
Brandt, W.N., Halpern, J.P. & lwasawa, K. 1996ROSAT X-Ray Burster 4U 0614091,” Ap.J. (Letters)469 L37.

PSPC and HRI Observations of the Composite Starburstford, E., Kaaret, P., Tavani, M., Barret, D., Bloser, P.,

Seyfert 2 Galaxy NGC 1672, MNRAS 281, 687. Grindlay, J., Harmon, B.A., Pacisesas, W.S. & Zhang,
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C.J., Kahn, S.M., Paerels, F., Pratuch, S.M., Rasmussefprd, E., Kaaret, P., Harmon, B.A., Tavani, M. & Zhang,
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