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This report covers the period September 1998 through. STARS & STELLAR EVOLUTION

August 1999 and comprises an account of astronomical Lawrence and Crotts have detected the far ultraviolet light

research carried out in the Department of Astronomy and thecho of the initial shock breakout flux from the surface of SN

Department of Physics. 1987A’s progenitor being destroyed. In particular, they are
using satellite observations frolt E and UIT, with recent
results from IUE spectra showing a reflected spectrum with a

Faculty and Research Associates were James Applega®i€eP wavelength dependence with a power law index of

Elena Aprile, Norman Baker, William Craig, Arlin Crotts, about — 7.5 in f,. They have combined mod(_als of th?
Karl-Ludwig Giboni, Eric Gotthelf, Charles Hailey, Jules shock breakout spectrum of the supernova during the first

. . few days with models of a wide variety of dust parameters,
Halper.n, David Helfand, Stephen K?hn’ Marc Kamlon'attempting to reproduce the observed IUE spectrum. The
kowski, Laura Kay(Barnard, Karen Leighly, Lloyd Motz

: , ! ) only successful models incorporate extremely small, silicate-
(Emeritug, Reshmi Mukherjee(Barnard, Robert Novick dominated dust grains.

(Emeritug, Frederik Paerels, Joseph Patterson, Kevin Pren- \/an der Veen in collaboration with several European in-
dergast, Andrew Rasmussen, Malvin Ruderman, Daniglestigators is reducing and analyzing 90 andA80images
Savin, Edward Spiegel, Marco Tavani, Wilhelmus van derof seven evolved mass losing stars obtained with the 1SO-
Veen, and Jacqueline van Gorkom. PHOT instrument aboard the 1SO satellite. For five sources
Lam Hui joined the faculty of the Physics Department inwe have data at 90 and 160 micron, for one source only at 90
July 1999. Carmen Marcella Carollo joined the faculty of themicron and for another one only at 160 micron. The images
Astronomy Department in September 1999. are roughly 15x 35 arcmin in size and show the distribution
The American Museum of Natural History has establishecPf dust as lit up by the central mass losing stars. This inner
an Astronomy Department, and two of its members, MichaeParts of the shells are clearly detected out to at least 5-10

Shara and Mordecai-Mark Maclow, hold Adjunct appoint- arcmin. There is faint emission at larger distances but it is
ments in the Columbia Astronomy ISepartment not yet clear how far out we are able to detect this dust

Graduate students participating in research were ElizabefRh'>>'0"" We are currently developing strategies to measure

Blanton, Ari Buchalter, Tzu-Ching Chang, Xuelei Chen, reliably the very faint emission of the outer dust shells.
Xinzhong Chen, Jean Cottam, Alessandro Curioni, Akimi
Fujita, Mario Jimenez-Garate, Ming Feng Gu, JaeSub Hong, w_RAY & T-RAY SOURCES

Miranda Jackson, John Keck, Tomotake Kozu, Yuexing Li, At low Galactic latitude, the identity of majority of the

Kaya Mori, Nestor Mirabal, Don Neil!, John Peterson, JaCObEGRET sources is a continuing mystery. Halpern and Hel-
Noel-Storr, Masao Sako, Edgar Smith, Joshua Spodek, B&ing are attempting to identify several EGRET sources at
Sugerman, John Tomsick, Robert Uglesich, Leven Wadley o\ to intermediate Galactic latitude by covering their error
Undergraduates participating in research were Arindangircles withROSATHRI and VLA pointings. If these sources

Chatterjee, Mark Dijkstra(Groningen, Elliott Eggleston, are pulsars, then they might have faint X-ray counterparts
Justin Detray, Irina FeyginaBarnard, Susan Kassin, and/or steep-spectrum radio counterparts in blank optical
Miriam Krauss, Yong Moon, Scott Schnee, Nigel Singhfields. However, they may also represent a new class of Ga-
(Cornel), Dana Sterr{Barnard, Lucianne WalkowicAHop-  lactic object, or perhaps blazars that are relatively radio-

kins), and Vanessa Yuill¢Barnard. quiet, in which case they could also be identified using this
Smith, and John Tomsick received Ph.D. degrees. EGRET fields have been obtained, and the optical identifica-

Appointments during 1998—99 were held by Adjunct l:,ro_tions of the detected sources in three of these fields are al-
fessor Michael Allison, Postdoctoral Research Scientist@OSF complete. At least one possibly interesting identifica-
Ehud Behar, Fernando Camillo, Valeri Egorov, ChristiantIon Is being pursued.

. Halpern and Mirabal are also examining the brightest uni-
Knigge, Uwe Oberlack, Stephen Lawrence, Frank Surnmersdentifife)d EGRET source at high latitude :’?EG 18895918.
Louis Tao, Limin Wang, lon Yadigaroglu. '

S ) o . Multicolor optical imaging of its entire error circle and spec-
Tsvi Piran and Reuben Thieberger held visiting appointyoscopy of ultraviolet excess candidates at the MDM Obser-
ments. Licia Verde and Raul Jimenez visited Columbia from«atory have revealed several quasars. X-ray observations of
Edinburgh. this region have also been obtained. Complete identification
Van Gorkom continued as Chair of the Astronomy De-of these sources reveals no blazar or pulsar candidate. 3EG
partment. Paerels was appointed Director of the Columbia835+5918 is therefore more problematic physically than
Astrophysics Laboratory replacing Kahn who resigned to beGeminga, which is an ordinary pulsar that only lacks radio
come Chair of the Physics Department. emission. As a pulsar, 3EG 18835918 would have to be
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either older or more distant than Geminga, and probably agentered around l@gg= 2.5. We find that the total emission
even more efficien-ray engine. measure of the visible portion of the highly ionized wind is
The MDM Observatory continues to pursue optical after-~ 3 x 10°°cm™3. The qualitative aspects of the inferred
glows of y-ray bursts(GRBs. The most energetic event of DEM distribution are consistent with a wind model derived
January 23, 1999 was observed several times, and the firffom the Hatchett & McCray(1977 picture of an X-ray
observation of steepening of an afterglow light curve wassource immersed in a stellar wind with a generalized Castor,
thereby obtained by Yadigaroglu & Halpern. Evidence forAbbott, & Klein (1975 velocity profile. Using this formal-
jet-like beaming of GRBs was thus found for this event, andism, theoretical DEM distributions, parameterized only by a
also for GRB 980519 as described in a pair of papers bynass loss rate and a wind velocity profile, are calculated and
visitor T. Piran (Hebrew University, JerusalemHalpern, used to predict the detailed X-ray spectrum, which is then
and additional collaborators. Observations of additionakompared to theASCAdata. Again, we find a statistically
bursts were conducted by J. Kemp while at CTIO. A con-acceptable fit > = 1.01), with a best-fit mass loss rate of
tinuous update of observations of GRBs at MDM Observa—~ 2.7 X 10 ‘Myyr~ L. This is approximately a factor of 10
tory is maintained at http://www.astro.columbia.edu/lower than previous estimates of the mass loss rate for the
groupresearch.html. Vela X-1 companion star, which have primarily been deter-
Helfand, in collaboration with E. MorafBerkeley and  mined from C IV and Si IV P Cygni profiles, and X-ray
M. Lehnert(Leiden completed their analysis of X-rays from absorption measurements. We argue that this discrepancy
the luminous starburst galaxy NGC 3256. They conclude thatan be reconciled if the X-ray irradiated portion of the wind
the hard X-ray component of the galaxy’s emission is conin Vela X-1 is structurally inhomogeneous, consisting of
sistent with inverse Compton emission from the scattering ohundreds of cool, dense clumps embedded in a hotter, more
the copious far-IR photons off the radio-emitting electrons.ionized gas. Most of the mass is contained in the clumps,
They go on to use the 5 GHz to 5 keV flux ratio for such while most of the wind volume & 95%) is occupied by the
starbursts, along with the radio source counts to faint flushighly ionized component. This interpretation is also quanti-
densities, to estimate the contribution of these galaxies to theatively consistent with the presence of the X-ray fluorescent
cosmic X-ray background. They find that 10% to 30% of thelines in the ASCA spectrum, which are produced in the
background could arise from starbursts. In a complementargooler, clumped component.
project, Helfand and Moran have been using data on high- Sako, Kahn, Paerels, LiedakLLNL), and Wojdowski
mass X-ray binaries in the Local Group to estimate the con(LLNL) are performing an orbital phase-resolved spectral
tribution of such systems to the hard X-ray flux of a starburstanalysis of Centaurus X-3 as a follow-on to th6CAanaly-
population. They find that only 20% to 40% of the observedsis of Vela X-1. The companion star of Cen X-3 is an O-star
2-10 keV flux from the half dozen starbursts observed withwith an inferred mass loss rate of a few 10 *Moyr=% In
ASCA can be readily explained by Pop | X-ray binaries. contrast to Vela X-1, Cen X-3 is a high-luminosity system
Contributions from an AGN, inverse Compton emission, orwhere a simple Bondi-type accretion from the stellar wind
some other process is required to explain the total higheannot account for the observed luminosity, and this discrep-
energy output of these galaxies. ancy is attributed to the presence of an accretion disk. We
Sako, Kahn, Paerels, and LieddhLNL ), are involved in  find that X-ray emission from photoionization of a normal
a quantitative analysis of the X-ray spectrum of the eclipsingadiatively-driven wind cannot reproduce the orbital phase
high mass X-ray binary Vela X-14U 0900 — 40 using variability of the emission lines. We believe that the X-ray
archival data from thSCASolid-State Imaging Spectrom- continuum radiation from the neutron star creates a
eter. The spectrum observed during eclipse exhibits two disadiatively-driven wind from the irradiated surface of the
tinct sets of discrete featuregl) recombination lines and companion star. A more detailed analysis is in progress.
radiative recombination continua from mostly hydrogenic Sako, Kahn, Paerels, and Lied&hLNL ), are performing
and helium-like species produced by photoionization in ara detailed spectral analysis of tA&CAarchival data of the
extended stellar wind; an@) fluorescent K-shell lines asso- Circinus Galaxy. The spectrum shows numerous emission
ciated with near-neutral species also present in the circunines in the soft X-ray band from highly ionzied ions, as well
source medium. These features are superposed on a fai@é Compton reflection and fluorescent lines from neutral or
continuum, which is most likely nonthermal emission from near-neutral matter. We analyze the spectrum in the context
the accreting neutron star that is scattered into our line 06f a self-consistent recombination cascade model and find
sight by free electrons in the wind. Using a detailed spectrathat a nearly flat DEM distribution fits the data. For a spheri-
model that explicitly accounts for the recombination cascadeally symmetric distribution of matter surrounding a point
kinetics for each of the constituent charge states, we are ablpurce, this corresponds to a run on density of the form,
to obtain a statistically acceptabley = 0.88) fit to the n(r) ~ r~¥2 Using this density profile and comparing the
observed spectrum and to derive emission measures assomsulting emission spectra with tHe&SCAdata, we estimate
ated with the individual K-shell ions of several elements.the size of the X-ray emission line region to be 260pc.
From calculations of the ionization balance using the photoThis value is consistent with the spatial extent seen in the
ionization codeXSTARKallman & Krolik 1995, we assign  ROSATHRI image of this object.
ionization parameters, to several ions, and construct a dif-  Mukherjee, together with other scientists, observed TeV
ferential emission measur@®EM) distribution. The DEM  gamma-rays from astrophysical sources using STACKE
distribution spans a broad range §n(A log ¢ > 2), and is  lar Tower Air Cherenkov Effect Experiméntocated at Al-
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buquerque, New Mexico. STACEE is a ground-basedquences of refreshed afterglows — by this we mean after-

gamma-ray detector that is sensitive to the energy range bglows that are enhanced due to late acceleration by new fresh

tween 25 and 500 GeV. This part of the electromagneti@jecta.

spectrum has been largely unexplored, and STACEE has the He also workedwith H. El Ad, with Y. Friedman and

potential for filling an important niche in high energy astro- with Tzu-Ching Changon various implications of voids in

physics. STACEE reported the detection of the Crab nebuléhe Galaxy distribution. We are in the final stages of an ob-

at around 100 GeV, one of the first reported detections at thiservational paper comparing voids in the IRAS catalogue

energy. and in the ORS catalogu@ith H. El Ad) and on a theoreti-
Mukherjee together with David Hanna of McGill Univer- cal paper on formation of Voids wittl. Friedman.

sity (and currently a Visiting Scholar at the Columbia Astro-

physics Lab designed and installed a laser system for STA-3 RADIO ASTRONOMY

CEE, which was used for calbration monitoring of the |, tand and his principal collaborators, R. BeckeIC

components. of STACEE during the 1998 October to 199gbavis) and R.L. White(STSc), completed another VLA ob-

April obse_rvmg period. i serving session for the FIRST survey. To date, over 6000
_Mukh(_erjee, Gotthelf, Dana Stern_gnd Tavani worked ondegz have been mapped at Fesolution and over 550,000

unidentified EGRET sources, specifically the two sources, i sources have been located to subarcsecond accuracy.

near the COS-B gamma-ray source 2CG €08. In addi- A these data, along with a description of the current survey
tion, Mukherjee worked on spectral analysis of several activgiius  are available at the FIRST website http://
galaxies observed by EGRET. sundo,g.stsci.edu.

During Piran’s stay at Columbia University he has |, cojiaboration with R. McMahon(Cambridgg, the
worked mostly on Gamma-Ray Bursts. The highlights of thiSg\rsT team completed a match of their radio catalog with

research were the prediction qf a prompt optical after_glow[he Automated Plate MachindPM) scans of the POSS-I
that should accompany GREhis afterglow was later dis-  piates. Prior to this work, fewer than 500 radio-selected ob-
covered for _GRB 990133 and the discovery of jets and jects in the flux density range 1-30 mJy hauggesteapti-
beamed emission in GRB 990123 and GRB 980519. Thgg| counterparts; the new results, to be published in the ApJ
following is an outline of the outcome of this research.  anq on the Web next year, contains over 70,000 optical iden-
_During the early fall of 1999, Piran has workéibgether ifications, 18% of all radio sources in the FIRST survey
with Re’em Sari on the early afterglow from GRB. By early yegion. As part of this project, an improvement of nearly an
afterglow is meant afterglow that is simultaneous or just &yder of magnitude in the astrometric accuracy of the POSS-I
few seconds after the burst. We have calculated the Gammatate scans has been achieved through comparison with the
ray and X-ray light curves. These come from the forwardpreciSe radio positions.
shock that arises when the relativistic ejecta begin to be Aag part of the FIRST Bright Quasar Survey, Helfand,
slowed down by the ISM. We have also noticed that thewnite, and Becker have created a decision tree algorithm
reverse shock that arises at the same time will give rise to ghat can predict with 95% accuracy whether or not an optical
very strong optical emission. We have presented these resuligunterpart to a FIRST source is a quasar/BL Lac or not.
in the Rome meeting in late October 199%&A to be pub-  This work will soon appear, along with the results of 60
lished and in a more detailed work that will be published in nights of spectroscopic followup of FIRST counterparts
Ap.J. A short time later ROTSE discovered such emissionyhich has led to the identification of over 700 quasars and
from GRB 990123. Piran is a co-author of one of the obsergL Lacs brighter tharR = 17.8 in the initial 2600 degof
vational discovery papers of the afterglow of this GRB andthe FIRST survey. In addition to the discovery of the first
he has written, again with Sari, @p.J. Letteranalyzing the  radio-loud Broad Absorption Line quasars and a higher than
early observations of this burst. normal frequncy of lensed objects, one of the survey'’s inter-
In the observational paper of GRB 990123 we noticedesting results is that the distribution of radio loudness in this
that there is a break in the light curve of this burst, andsamplepeaksat the minimum in the current bimodal distri-
interpreted this as a beaming break. Such a break shoulsution for quasars; i.e., we see no evidence at all for two
arise if the emission is beamed when the Lorenz factor of theeparate populations of quasars based on radio-to-optical flux
ejecta reaches the valuefliwhere 6 is the beaming angle. ratio.
This was the first observation of such a break. In another Helfand has also led an effort involving Yadigaroglu and
paper we outlined the theory of beamed emission from GRB#is FIRST collaborators to assess the requirements for a
and applied it to several bursts and in particular to GRBCatalog of Bright Extragalactic Astrometry Standards for the
980519, for which we argued that even without seeing theSpace Interferometry Missio(SIM). The extreme require-
break we can infer that it has occurred from the late-timements imposed on SIM targefso extent greater than 1 mas
light curve and spectra. In an accompanying observationaand photocenter stability at thearcsec levelmeans that a
paper we have estimated the light curve and spectra of thiarge, all-sky catalog of bright quasars is needed, and tech-
afterglow of GRB 980519. nigues to winnow out extended, variable, and other unsuit-
Piran has finished a large review paper on GRBs that haable candidate targets are required. The decision tree algo-
appeared inPhysics Reportsin other work concerning rithm discussed above can be used to extend the FBQS to the
GRBs he has studied the images, light curves and spectra afeas of the sky covered by the NRAO VLA Sky Survey and
GRB afterglow and has examined the observational consghe Sydney University Molonglo Sky Survéboth of which
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have an order of magnitude worse spatial resolytiachiev- the pulsar and reveal a faint X-ray point source, AX
ing a spectroscopic followup efficiency sufficient to extendJ184453.3—025642, within the pulsar's error circle. This
the bright quasar survey to steradians. High-resolution X-ray source is surrounded by a partial shell of emission
optical, near-IR, and radio imaging of the objects discovereaoincident with the radio remnant.

are then being used to select the most promising candidates Gotthelf, Gaensler, Kaspi, and M. J. PivovardMIT)

for SIM observations. have made an X-ray study of the young rotation-powered
radio pulsars PSR B1046—-58 and PSR B1610-50 using ar-
4. PULSARS & NEUTRON STARS chival data. They evaluated previous claims of large

( ~ 10) diffuse nebulae surrounding these objects, and

Camillo, with collaborators Halpern, Helfand and Got- ; ;
’ T S . found that the apparent nebulosity could be explained com-
thelf has been working in the continuing Parkes Multibeam PP y P

Pulsar Survey, already the most successful pulsar survé:))/letely as image artifacts in both cases.
ever with the discovery of over 450 pulsars. He is also study-
ing the globular cluster 47 Tuc, where at latest count we
know of 22 millisecond pulsars. Future plans include thedS. GALAXIES
follow-up study of some of these sources with synthesis ra- Crotts, Uglesich, GouldOhio State U), Gyuk (UC San
dio telescopes, and at optical and X-ray wavelengths. Diego), Kuijken (Kapteyn, Sackett(Kapteyrn, Sutherland
Halpern is studying rotation-powered pulsars WkBCA  (Oxford), Tomaney (U. of Washington and Widrow
and AXAF in collaboration with G. PavloyPenn State U). (Queens V.- the MEGA consortium - have begun a multi-
Long observations of several key targets have been obtaingear series of observations at several telescopes using wide-
to study phenomena such as the spectrum of a neutron stheld CCD imagers in order to track stellar variability and
atmosphere, and the spectrum and pulse profile of a millisegravitational microlensing among most of the stars in M31.
ond pulsar. These new observations are necessary to disdBy the end of the project they should be able to say to what
tangle thermal and nonthermal processes that may be presextent dark matter in spiral galaxy haloes is composed of
in the same object, and to correctly derive quantities such asassive, condensed objects, and what the spatial and mass
the effective temperature of the neutron star surface, the ludistributions of such objects are. In addition there are several
minosity of a heated polar cap, and thER relation of the interesting investigations using cepheids, miras, eclipsing
neutron star. One of these targets is the nearest millisecondriables and other variable stars in M31.
pulsar, PSR J0437-4715. Van Gorkom investigates the evolution of galaxies and
Gotthelf is studying several X-ray sources at the centershe growth of large scale structure by HI imaging of the
of supernova remnants in order to understand the evolutiogaseous component of galaxies in different environments and
of young neutron stars and their relationship to supernovadly mapping out the distribution of gas-rich and possibly
Gotthelf, G. Vasisht(JPL/Caltech, and T. Dotani(ISAS, light-poor galaxies on larger scales.
Japan confirmed that 1E 1841-045, the 12-s anomalous A big project is to study the structure of clusters in the
X-ray pulsar(AXP) which lies at the center of the supernova local universe. This year data were obtained for several clus-
remnant Kes 73, is spinning down at a remarkably rapiders. Fujita, van Gorkom and VerheijefNRAO) imaged
pace. The spin-down rate and flux are exceptionally stableAbell 85 with the VLA, while Uson (NRAO) and van
these findings all but eliminate an accretion origin for theGorkom continued their observations of Abell 2029. Abell
X-ray emission and strongly favor the “magnetar” model, 85 is an ongoing or recent merger between two groups, while
with an enormous implied magnetic field of7 10'* Gauss.  Abell 2029 is one of the dynamically most relaxed and rich-
Along with D. Chakrabarty and V. KasgMIT), Gotthelf  est clusters in the nearby universe. Both clusters turned out
and Vasisht are implementing a monitoring campaign for theo be surprisingly HI deficient, more so than any cluster im-
Kes 73 pulsar withRXTE in order to obtained a phase- aged so far. For the first time ever an attempt was made to
connected timing solution. The new data will be highly sen-image in HI a cluster az = 0.2. Szomoru(UCSQ, van
sitive to glitches, outbursts, and other timing noise. Gorkom and PoggiantiPadova obtained data on Abell 963
A long-term study was also undertaken of the centralwith the Westerbork Radio Synthesis Telescope. Analysis is
X-ray source in the SNR RCW 103. Gotthelf, R. Petrestill under way.
(NASA/GSFQ and Vasisht discovered variability of 1E ~ Two papers on the substructure in clusters as evidenced
161348-5055 by up to an order of magnitude in the hard 3rom the distribution of gas-rich and gas-poor galaxies were
— 10 X-ray band. This further refutes the long-standingsubmitted for publication. ValluriChicagg, van Gorkom
claim of a cooling neutron star as the source of the emissiorand McMahon analyzed Hydra, while Bravo-Alfaf@uana-
and provides a natural explanation for difficulties encoun{juato), Cayatte, Balkowsk{both Meudon and van Gorkom
tered in reproducing the origin&insteinX-ray detection. analyzed Coma. Fujita and van Kamp@dinburgh used a
Gotthelf, Vasisht, B. M. GaenslgiMIT), and K. Torii  semi-analytic modelling code, to investigate the effect of ram
(Osaka U) continue their study of AX J1845-0258, a 7-s pressure stripping in clusters on the evolution of galaxies.
ASCApulsar which strongly resembles AXPs. A dedicated On smaller scales Wilcot§vladisor), van Gorkom, Zab-
VLA search at 5 and 8 GHz, centered on the location of thdudoff (Univ. of Arizona), Mulchaey (Carnegie Obs and
pulsar, revealed a previously unknown young<( 8,000 Williams (Univ of Delawar@ have started a program to do
yr-old) supernova remnant, G 29:®.1. Newly acquired deep HI mosaicing of loose groups of galaxies in different
ASCAdata confirm a dramatic reduction in X-ray flux from dynamical states. The first group, NGC 5846, looks some-



COLUMBIA UNIVERSITY 5

what like a mini cluster with no HI detections within 250 kpc 7. GALAXY FORMATION AND COSMOLOGY

from the central galaxies. Further out tiny HI masses were Crotts and BechtoldU. of Arizona have completed a
detected. sample of absorption spectroscopy from sixteen close QSO
An Hl survey of elliptical galaxies without optical fine pajrs(with angular separations less than about 3 arcmifutes
structure was analyzed by Dijkstra and van Gorkom. Therpjs will be highly useful in constraining the shape and size
goal was to see whether these galaxies differed in their Hy QSO absorption-line objects, and determining how they
properties from galaxies with shells, which had been previgster in the transverse direction. A comparison of trans-

ously studied by Schiminovich and van Gorkom. There is NQ e versus radial clustering of Lyman alpha forest absorb-

difference in HI detection rate, morphology and klnematlcsers has been proposed recently as a possible test of a non-

between shell and non shell ellipticals. Whether an ellipticalZero cosmological constant, and this sample of spectra
has HI or not appears to be mostly determined by the enVir'nay be large enough to perform this test. Additionally,

ronment it is in. Crotts, Fang, BorrgLaval U) and York (U. of Chicagg
have placed further contraints on the shape of Lyman alpha
forest absorbers by observing three close triplets of sightlines
6. ACTIVE GALACTIC NUCLEI to QSOs close to each other on the sky.

Leighly continues her studies of the subclass of AGN Buchalter and Kamionkowski calculated the three-point
known as Narrow-line Seyfert 1 galaxi€dLS1g. Two pa-  correlation function for galaxy redshift surveys. They studied
pers on the X-ray variability and spectral properties obtainedow various bias scenarios can be disentangled by the three-
from ASCAdata were accepted for publication Ap. J.  point correlation function. With JafféBerkeley they carried
Suppl. In collaboration with J. Siebert, D. GrupMPE, out the first complete calculation of the projected angular
Garching, and others, Leighly has made progress in undercorrelation function. These predictions are suitable for com-
standing radio-loud NLS1¢4ST ultraviolet spectra of two parison with measurement of the three-point correlation
NLS1s with interesting X-ray properties were obtained, andunction from surveys such as the APM aRtRST
a paper on the results is in preparation. Kamionkowski and KosowskyRutgers wrote a review

Leighly completed various other investigations of Seyfertarticle for Annual Reviews of Nuclear and Particle Science
galaxies: AnNRXTE observation of the nearby galaxy NGC on the cosmic microwave backgrout@MB) and particle
6300 revealed the flat photon index and huge equivalenghysics. Kamionkowski, Wang, and Jaffe calculated the de-
width iron line characteristic of a Seyfert 2 galatyeighly  tectability of several CMB polarization signals in a variety of
et al. 1999. Spectropolarimetric properties of two highly po- pynothetical experiments. They showed that the amplitude of
Iarlzed Seyfert 1 galaxies were presented, in collgboratlo%e polarization signal can be predicted in a model-
with Kay, Halpern and M. Magaltess IAG/USP, Brazi), at i jependent way given the measured temperature anisotropy

the 1999 winter AAS meeting, and a paper is in preparation,s qegree angular scales and the baryon density predicted by
Optical and X-ray data from a soft X-ray transient AGN havebig-bang nucleosynthesis. Lue, Wang, and Kamionkowski

been publishedGrupeal. 1999. Analysis of theRXTEdata showed how parity violation from new high-energy physics

from the ultraluminous IRAS galaxy NGC 6240 has beencould conceivably produce an observable signature in the
completed(lkebeet al. 1999. CMB

J_ackson has been workmg_ with Lelghly on tMRXTE Xuelei Chen and Kamionkowski calculated the CMB
projects. One involves analysis of ten simultane®STE . .
temperature/polarization power spectra expected in

and ASCAobservations obtained over one month of the Iu_alternat' e-aravity theories. Thev have generalized standard
minous Seyfert 1 galaxy Mrk 509. The other consists of a Ive-gravity I€s. y have g 2

comparison of the ongoingXTEmonitoring observations of cosmological perturbatloq theoryin both Newtonlz_an and
the broad-line radio galaxy 3C 390.3 with the results of agynchronous gaugdo arbitrary scalar-tensor gravity theo-

year-long campaign on the luminous Seyfert 1 galaxy Fairall'®>: They then modified existing numerical Boltzmann
9 obtained in 1997. codes to handle these alternative theories.

Halpern and M. Eracleoug®enn State U.are continuing With Verde and HeaveneEdinburgh, Wang and Kami-
their long-term spectroscopic monitoring of very broad,onkowskl showed_ that _the CMB will _evc_antually provide a
double-peaked Balmer lines, which are found preferentially?€tter probe of primordial non-Gaussianity than galaxy sur-
in radio-loud AGNs. The profiles of these double-peaked’€yS for a very broad range of non-Gaussian structure-
lines are highly variable on time scales of months to years, frmation theories often considered. Wang and Kamion-
behavior which can be exploited to evaluate models for theikowski showed that if inflation produced adiabatic density
origin, and to study the dynamics of the accretion process iferturbations, then any non-Gaussianity in the primordial
AGNs. Their recent work demonstrates that variability of thedensity distribution should be undetectably small.
shapes of the emission lines must be due to dynamical mo- Wang has been carrying out detailed investigations of
tions, and cannot be explained by reverberatiaght echg quintessence models. He has surveyed a wide variety of cos-
effects. They also rejected the binary broad-line region hymological observations in order to constrain the quintessence
pothesis, and scenarios involving bloated stars or “clouds”parameter space. He has developed “tracker-field” models
in randomly inclined Keplerian orbits. Possibly cyclic behav- for quintessence. These models provide a natural explanation
ior in several objects appears to favor dynamical or wavdor why the quintessence energy density should be compa-
motions in the accretion disk as the cause. rable to the matter density today.
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8. OTHER THEORETICAL INVESTIGATIONS 9. LABORATORY ASTROPHYSICS & INSTRUMENT

Fluid Dynamics.To understand better the possible oc- DESIGN
curence of turbulence in nonmagnetized disks, Tao and Spie- Aprile, Curioni (graduate studeptEgorov, Giboni, Ober-
gel have considered the onset of motions in linearly stabléck, and Ventura(INFN-Padova University, Italy have
swirling flows of the Taylor-Couette style. Tao has per-Worked on the Liquid Xenon Gamma-Ray Imaging Tele-
formed a numerical bifuration study in subcritical Taylor- SCOP€(LXEGRIT) project to prepare the instrument for a

Couette flow by computing finite-amplitude solutions of the new _bg!loon flight, with _|mproved trigger electronics, data
. . . . . acquisition system and flight data transfer and on-board stor-
Navier-Stokes equation. Since the basic flow is linearly

S o o Ryt . el i . 55,1 308 Iagescomc ganma s n e e
linear solutions without a starting solution with linear insta-;, 4 liquid xenon time projection chambérXeTPC). This

bility. The approach is to impose a temperature differencéyomogenous detector is position-sensitive in all three dimen-
across the Cylinders to induce a convective instability. OnC%ionS, providing the Capab|||ty to greaﬂy reduce background,
nonlinear flows are initiated in this way, they could be fol- the main limitation to sensitivity in this energy range. The
lowed as the Rayleigh number of the heating is tuned dowh.XeGRIT experiment, which is a collaboration between Co-
to remove the convective instability. Two-dimensional solu-lumbia University(P.l. institution, Waseda University in Ja-
tions were thus obtained in the form of nonlinear travelingpan, the University of New Hampshire, and NASA/MSFC,
waves for the case where there is no linear instability. Thevas successfully flown on May 7, 1999, from Fort Sumner,
existence of these solutions is related to the experimentall!M. During the 9.5 hour balloon flight a total of about

observed transition to turbulence. The next step in this ap200:000 events were collected, the majority at an average
tmospheric depth of 4.5 g/ém After a picture perfect

g\z\zzgh 's to extend the computations to the case of Keple”aﬁ;\unch by a 29 million cubic-fpot balloon at 7:26h local time,
A little-studied aspect of instability in shearing flows is LXeGRIT reached a float altitude of 39 km by about 10:0(.)
) i Y _~ am. At 5:05 pm, the payload was cut down and recovered in
the influence of accretion, the analogue of which in classicay,qq conditions, a few hours later, near Fairview, Oklahoma.
fluid dynamics is suction. This feature of fluid dynamics is of e goal of the flight was to study the background of this
interest in drag reduction where the study of swirling flows e gamma-ray detector in a high radiation environment and
with suction preceded that of disk accretion. C. Doering andg verify its imaging performance and unique background
R. Worthing(Ann Arbor) together with Spiegel have studied rejection capabilities with observations of the Crab nebula,
the rate of viscous energy dissipation in a shear layer ofvhich was well in the telescope’s 80 degi&&VHM) field-
incompressible Newtonian fluid with injection and suction of-view (FOV) for most of the time afloat. The entire instru-
on the respective boundaries by means of exact solutiongyent, including the liquid xenon imaging detector, its liquid
nonlinear and linearized stability theory, and rigorous uppefitrogen cryogenics system, the active Na) and plastic
bounds. For strong enough suction a steady laminar flow iscintillator shields, the 130 channels of detector analog and

nonlinearly stable for all Reynolds numbers. For a narrowdigital electronics and its data acquisition systems, worked as
range of small suction rates, the laminar flow is linearly un_expected. Telemetry at 1 Mbps and on-board data storage

stable at high Reynolds numbers. For both the laminar angnsured full data-taking efficiency. Analysis of the flight and

L . Source calibration data is in progress. Preliminary results,
turbulent flows, the energy dissipation rate becomes 'ndeperﬂ)'resented at the 5th Compton Symposium, show that the

dent of the viscosity for.high Reyn_olds numbers_as is usuallynain science goal of the May 99 flight has been achieved.
assumed for astrophysical accretion flows, as in Kolmogortpe payload is back at the Columbia Astrophysics Labora-
ov’s theory of turbulence. The results have been submitted tery, where it will be refurbished in preparation for a future
the Physics of Fluids flight of longer duration, possibly from the Southern Hemi-
X. (Jon Chen and Spiegel have continued their attempt tasphere. With its large FOV and good sensitivity in a broad
devise a usable form of the radiative viscous stress tens@nergy band, LXeGRIT is well suited for imaging observa-
that does not suffer from the limitiation to small photon tions of compact sources in the Galactic Center and bulge.
mean free paths that is a drawback of the usual forms for thiémong the science goals of such flight will be a study, for
tensor. They are preparing for publication a version in théhe first time with an imaging telescope, of the positron an-
theory in which the RVST is the solution of linear partial Mhilation line and continuum emission. Spectral and Comp-
differential equation in spacetime. The result is supposed " imaging analysis of the recent flight data is in progress

. . and will provide important feedback for future observations
Ezthusmformly valid for short and long photon mean free of MeV sources with LXeGRIT. More information and pic-

. . ) tures of the detector and the flight campaign can be found at
Spiegel has been collaborating with S. Tal@ontrea) _ http://www.astro.columbia.edt/ Ixe/lxegrit. Along with a
and F. PaparelldWoods Holg on a scheme to treat semi- cqntinuation of a flight program with LXeGRIT, as proposed
convection in stellar cores. The procedure is to develop th§, their NASA High Energy Astrophysics SR&T research
equations for small Prandtl and Lewis numbers. The resultprogram for the next three years, the efforts of the Columbia
ing reduced equations are relatively tractable and they argam will also include a research and development program
proposing to solve them by Galerkin methods. on a “warm” liquid xenon TPC, to improve the spectros-
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copy performance of this detector approach towards a nexained 40 arcsecond resolution at 8, 28 and 68 KeV. The
generation Compton telescope for a sensitive nuclear-line atightweighted optics, which use a totally novel mounting
trophysics mission. scheme, are 3 times better than the state-of-the-art light-
Crotts is constructing a large CCD imadg@192 by 8192 weighted soft X-ray optics of thAstro-E mission. The Co-
pixels) for use at MDM Observatory. The first test run in lumbia team is also working on the construction of the gon-
August 1999 of most of the subsystems was successful, ardbla and the pointing system for th#EFT payload.
completion of the system is scheduled for November 1999. Kaya Mori and Hailey are working on the spectroscopy of
The field of view of the imager will be a square 25 arc-isolated neutron stars in anticipation of data to be obtained
minutes on a side on the 2.4-meter and 45 arcminutes on thadter the launch of XMM. They are developing appropriate
1.3-meter telescope. Many investigations are planned usingrodels for the analysis of data from neutron stars with and
this instrument and the excellent imaging conditions, espewithout strong magnetic fields. This work is being done in
cially on the 2.4-meter. conjunction with Lawrence Livermore National Laboratory.
Hong, Keck, Craig and Hailey are working on analysis of Mori and Hailey have also published ap.J. (Lett.)in
data from a balloon flight of the gamma-ray arcminute tele-which they analyze the prompt emission from gamma-ray
scope imaging systefiGRATIS) from Alice Springs, Aus- bursts in terms of photoionization emission from relativisti-
tralia. They are concentrating on data from the compactally moving, dense plasma blobs. They argue that time-
sources 4U1700 and GRS1758. Keck is additionally workingesolved spectral analysis early in the GRB is very constrain-
to improve models for background simulation from balloonsing of the plasma environment and its ultimate origin. They
using published data from other balloon flights as well as thalso argue that the line emission seen by GINGA is most
radiation transport code COG. The results from all this worknaturally interpreted not in terms of cyclotron line emission
should be published in the next 4 months. but in terms of the emission from a complex plasma heated
Hong, Craig and Hailey continue to work on neutronto high temperature and relativistically transformed by bulk
shields for gamma-ray astronomy. A series of experimentsnotions.
using a monochromatic neutron beam source have been usedJimenez-Garate and Hailey are working with Lawrence
to test various shielding geometries and to compare the ex-ivermore National Laboratory to develop improved models
perimental results with neutron and gamma-ray transporfor modeling the X-ray spectra of low-mass X-ray binaries
simulations. Hong is examing the implications of this work and Seyfert galaxies. Hailey, Craig and Hong are collaborat-
for future gamma-ray survey missions suchEasIST, and  ing with University of Sheffield in England on an experiment
for potential impact on calorimeters in high radiation envi-to evaluate use of novel liquid scintillators either as direct
ronments such as the Constellation-X satellite mission. dark matter detectors or as highly efficient vetos for next
Neill, Craig and Hailey are analyzing data taken with thegeneration dark matter experiments. Josi Gelfand, Craig and
Automated Multiobject SpectrogragdAMOS)at the 3-meter Hailey continue a large scale search of R®@SATdata base
telescope at Lick Observatory. They have prepared a papén an attempt to identify possible neutron star candidates for
for Ap.J.on Abell 262 with their collaborators at UC Santa further observation.
Cruz in which they address the beta-problem. In the paper Peterson, Rasmussen, and Kahn have measured the scat-
they examine velocity dispersion profiles for various galaxytering and efficiency of the reflection gratings planned for the
populations. Combining this large and accurate data set witlConstellation-X Mission at the Nevis Longbeam Facility.
new analysis 0ROSATand ASCAdata they have renana- Preliminary results have suggested a higher first-order effi-
lyzed the beta problem in Abell 262 and shown that a previciency and less scattering compared to the reflection gratings
ous suggestion that the beta problem is solved by excludingsed on XMM mission. Much of the recent attention at the
late type galaxies is not correct. They also discuss the impliNevis facility has been devoted to upgrading the detector
cations of the beta problem for cosmology. The same grouparray at the facility to include a CCD detector.
along with Will Serber, are well along in analyzing close to  Peterson, Kahn, Rasmussen, and Jern{Bankeley have
100 optical spectra obtained on the SNR 1C443 using the 3rbeen developing advanced Monte Carlo methods for use in
telesope. X-ray astrophysical data analysis. Specifically, we have been
Gu, Neill and Hailey are working on an analysis of how developing techniques that model the expected response of
the recently discovered temperature dependence of clustdte XMM RGS instrument and produce a simulated data set.
gas profiles affects the determination @f, obtained using This can be compared with the positions and pulse heights of
the Press-Schecter formalism. They are also analyzing extatiie photons measured with XMM CCD arrays using multi-
X-ray cluster data to determine how the value(bf would  variate nonparametric distribution tests that we have devel-
be modified if new models of non-radial modes in clusteroped. This method of data analysis promises a number of
formation are accounted for. advantages over existing approaches to X-ray spectral analy-
Jimenez-Garate, Craig and Hailey, along with collaborasis which use response matrices. Our method allows for
tors at CalTech and the Danish Space Research Institute, aspectral and spatial models of the astrophysical source to be
working on the development of hard X-ray focussing opticsparameterized simultaneously and iteratively modified. The
using thermally slumped glass for the high energy focussing@pproach also deals particularly well with the complicated
telescope (HEFT) balloon payload and for the instrument response that is found in grating-type spectrom-
Constellation-X satellite mission. They have taken the firsteters.
hard X-ray images ever using a prototype telescope and ob- Peterson and Kahn have been working on modeling a pos-
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sible design for an X-ray interferometer. The design useshe first few months we will be doing in-flight calibration to
three transmission gratings that interfere X-rays to producéetermine the correct wavelength scale and to verify the psf
an image of astrophysical sources with microarcsecond arand effective area of the RGS. We are primarily responsible
gular resolution. From a scalar diffraction theory calculation,for the wavelength calibration and will be participating in
we find that the design could have high effective area andboth the psf and effective area verification. For the wave-
angular resolution, but a narrow bandpass. Work is continulength scale and psf verification we have scheduled observa-
ing to consider more complicated designs that allow for aions of hot stars with strong lines and low continuum emis-
larger bandpass. sion. The bulk of the calibration will be performed on

Kahn, Paerels, Rasmussen, Reynolds, Cottam, Spode€apella with additional observations of HR1099And, YY
Sako and Peterson have spent the past year in final preparsten, AB D or, anda Cen. PSR0540-69, with its featureless,
tion for the launch of XMM in December of 1999. We have stable emission is being used for the primary calibration of
completed all physical modelling of the Reflection Gratingthe effective area with additional observations of Mkn421,
Array (RGA). In order to model the resolution of the instru- and 3C273. In order to establish the short wavelength area,
ment we have built a raytrace program based on all knownvhich is the least well understood, we will perform addi-
instrumental effects. Including a model of the telescope withtional observations of the highly cutoff source GXAB. We
the model of the RGA we can predict the Reflection Gratingare currently in the process of using these simulations to
SpectrometeRGS instrument profile. These predictions quantify the expected uncertainty in the derived calibration.
were compared to the calibration data taken at the Pantérhe PV period will follow the CAL period and will be used
facility in Munich. Over the instruments range of wavelenth,to verify the scientific capabilities of the RGS. Although we
incident angle and spectral order the predicted profiles matcwill participate on all RGS PV observation, we are primarily
the data profiles to within the measurement uncertainties. Weesponsible for three targets. We will observe the supernova
have also completed the physical model of the grating effiremnant N132D in order to verify the ability of the RGS to
ciency which is used in the effective area calculations. Thalo spectroscopy of extended sources. To verify the RGS
model is based on a numerical calculation of the full solutionability to resolve the spectral signatures of bulk motion we
to Maxwell's equations subject to the boundary conditions ofwill observe the prototypical wind sourgePup and SS433
the grating profile. This is then augmented using scalawith its precessing relativistic jets. We are leading the obser-
theory to account for both a coherent and incoherent redisvations for targets in each category of the RGS GT program.
tribution of light. This model sucessfully reproduces the cali-We are working on the hot star systenOri, and the cool
bration data of reflectivity as a function of wavelength, inci- star systemr Gem. We are responsible for five of the bright-
dent angle and order with an erroref5% in first order and  est and most compact supernova remnants in the Magallanic
~ 10% for second order across the instrument band. By in€Clouds. We will observe the two canonical Seyfert Il galax-
cluding this model of grating reflectivity in the effective area ies, Mkn 3 and the Circinus Galaxy, and the bright BL Lac
calculation we are able to reproduce the calibration datékn 501. We are responsible for a wide range of binary
taken at the Panter facility for the entire RGS effective areasystems which include the wind sources Vela X-1 and Cen
to within the same errors. These two instrument models havi-3, the CV source EX Hya, bright LMXB Her X-1 and the
been incorporated into SCISIM, ESA’s official simulation previously mentioned SS433 where we will use extensive
tool, and into the response matrix programs in ESA’s Sci-orbital and precessional phase sampling to constrain the ge-
ence Analysis SysteSAS). ometry.

The Science Analysis System is the combined responsi- Savin and his collaborators P. H. Janzen, L. D. Gardner,
bility of the Science Operations Centt80Q and the Sci- D. B. Reisenfeld, and J. L. KoHCenter for Astrophysigs
ence Survey ConsortiufisSQ, and consists of both interac- and K. BartschatDrake University have presented experi-
tive and non-interactive, or “pipeline” software. We have mental absolute rate coefficients for electron impact excita-
taken on an advisory role working with the SOC in the over-tion of C** (2s°S,;, — 2p2P1/2,3,2) near threshold. They
all design of the RGS pipeline, the descriptions of specifichave also carried out ne®R matrix calculations with pseu-
algorithms, and the implementation and coding of severatlostatefRMPS calculations for this transition near thresh-
tasks. We have written a response matrix generator based @d. Comparison of the RMPS results to those of simpler
our efforts to characterize the RGS instrument. This is arclose-coupling calculations indicates the importance of ac-
end-to-end description of the spectrometer which includegounting for target continuum effects. The experimental re-
the results of the psf and efficiency modelling as well assults are in excellent agreement with the RMPS calculations.
models of the telescope psf and the CCD response. The SA&greement with the RMPS results is better for other pub-
team has adopted this generator to replace the SCISIM baséidhed fluorescence technique measurements than for pub-
response in the interactive analysis. lished electron-energy-loss measurements.

We have programmed observations for the in-flight Cali- Savin and his collaborators D. B. Reisenfeld, L. D. Gard-
bration (CAL), Performance VerificatiofPV), and Guaran- ner, P. H. Janzen, and J. L. KotCenter for Astrophysigs
teed Time(GT) periods. We have built spectral models for have measured the absolute cross section for electron-impact
each of these sources and simulated the observations in ordexcitation(EIE) of S?* (3s?1S — 3s3p!P) from energies
to check for the optimal exposure times and target phases, feelow threshold to 11 eV above. A beam modulation tech-
test the feasibility of our scientific objectives and to quantify nique with inclined electron and ion beams was used. Radia-
the expected uncertainty in the spectral diagnostics. Duringion at 120.7 nm from the excited ion was detected using an
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absolutely calibrated optical system. The fractional populatoionized gases. In such gases with cosmic abundances, DR
tion of the St* (3s3p3P) metastable state in the incident proceeds primarily vianlj — nl’j’ core excitations &n
ion beam was determined to be 0.2200.018(1.65). The = 0 DR). We have measured the resonance strengths and
data have been corrected for contributions to the signal fronenergies for Fe XVIII to Fe XVII and Fe XIX to Fe XVIII
radiative decay following excitation from the metastableAn = 0 DR. Using our measurements, we have calculated
state to 33pP and P3P, and excitation from the ground the Fe XVIIl and Fe XIXAn = 0 DR rate coefficients.
state to levels above thes3p!P level. The experimental Significant discrepancies exist between our inferred rates and
0.56 = 0.08-eV energy spread allowed us to resolve comthose of published calculations. These calculations overesti-
plex structure throughout the studied energy range. At thenate the DR rates by factors ef 2 or underestimate it by
reported = 14% total experimental uncertainty level factors of~ 2 to orders of magnitude, but none are in good
(1.650), the measured structure and absolute scale of thagreement with our results. Almost all published DR rates
cross section are in good agreement with 12-state closder modeling cosmic plasmas are computed using the same
coupling R-matrix theory. theoretical technigues as the above-mentioned calculations.
Savin and his collaborators M. H. Chen and K. J. ReedHence, our measurements call into question all theoretical
(Lawrence Livermore National Laboratorand D. S. Guo An = 0 DR rates used for ionization balance calculations of
(Southern University have calculated the total dielectronic cosmic plasmas. At temperatures where the Fe XVIII and Fe
recombination(DR) coefficients for théP,,, and?P,, states  XIX fractional abundances are predicted to peak in photoion-
for B-like FE'" ions at electron temperatures 0 T  ized gases of cosmic abundances, the theoretical rates under-
< 10000 eV. The calculations are carried out using the mulestimate the Fe XVIII DR rate by a factor ef 2 and over-
ticonfiguration Dirac-Fock method in intermediate couplingestimate the Fe XIX DR rate by a factor of 1.6. We have
with configuration interaction. We find that accurate Coster-carried out new multiconfiguration Dirac-Fock and multicon-
Kronig energies are critical for a successful determination ofiguration Breit-Pauli calculations which agree with our mea-
low temperature DR coefficients. We also find that the DRsured resonance strengths and rate coefficients to within typi-
involving fine-structure excitations can be as important agally better thans 30%. We provide a fit to our inferred rate
the 2 — 2p excitation channels in the low temperature coefficients for use in plasma modeling. Using our DR mea-
regime for some ions. These low temperature DR rates arsurements, we infer a factor of 2 error in the Fe XX
important for photoionized gases. through Fe XXIV An = 0 DR rates. We investigate the
Savin, Gu, and Kahn and their collaborators P. Beiersdoreffects of this estimated error for the well-known thermal
fer, B. Beck G. V. Brown, D. A. Liedahl, and J. Scofield instability of photoionized gas. We find that errors in these
(Lawrence Livermore National Laboratgrinave used the rates cannot remove the instability, but they do dramatically
Lawrence-Livermore electron beam ion trdd_ NL-EBIT) affect the range in parameter space over which it forms.
to produce a quasi-Maxwellian plasma. They do this by Using published measurements of dielectronic recombina-
sweeping the energy of the nearly monoenergetic beam sion (DR) resonance strengths and energies@ov to C IV
the time spent an any energy is proportional to the Maxwell-and O VIII to O VII, Savin has calculated the DR rate coef-
Boltzmann probability at that energy. To verify the accuracyficient for these ions. The derived rates are in good agree-
of the quasi-Maxwellian, they have measured line emissioment with multiconfiguration, intermediate-coupling and
due to dielectronic recombinatididR) and electron impact multiconfiguration, fully-relativistic calculations as well as
excitation (EIE) of Mg*®" and N&*, for a range of simu- with mostLS coupling calculations. The results are not in
lated temperatures. The ratio of DR to EIE lines in helium-agreement with the recommended DR rates commonly used
like ions is a well understood temperature diagnostic. Thdor modeling cosmic plasmas. He has used theoretical radia-
spectroscopically inferred temperatures are in excellentive recombination(RR) rates in conjunction with our de-
agreement with the simulated temperatures. The LLNL+ived DR rates to produce a total recombination rate for com-
EBIT offers a number of advantages over standard plasmparison with unified RR-DR calculations inLS coupling.
sources for studying Maxwellian plasmas. EBIT is essenThe results are not in agreement with undamped, unified cal-
tially driven by a Maxwellian electron distribution at a single culations f@ C V but are in reasonable agreement with
temperaturel,; a wide range off, can be simulated; den- damped, unified calculations for O VIII. For C V, the Bur-
sity effects are generally unimportant; the plasma is opticallygess general formulgGF) yields a rate which is in very poor
thin; and T, is essentially constant along the line of sight. agreement with Savin's derived rate. The Burgess &
Another advantage is the ability to create ions of a givenTworkowski modification of the GF yields a rate which is
charge state and then study them in a Maxwellian plasmalso in poor agreement. The Merts et al. modification of the
under non-equilibrium conditions. GF yields a rate which is in fair agreement. For O VIl the
Savin and Kahn and their collaborators J. Linkemann, AGF vyields a rate which is in fair agreement with our derived
A. Saghiri, M. Schmitt, M. Grieser, R. Repnow, D. rate. The Burgess & Tworkowski modification of the GF
Schwalm, and A. Wolf(Max-Planck-Institute for Nuclear vyields a rate which is in good agreement. And the Merts
Physics, T. Bartsch, C. Brandau, A. Hoffknecht, A. Mer, et al. modification yields a rate which is in very poor agree-
and S. SchippergUniversity of Giessen N. R. Badnell ment. These results suggest that ol = 1 DR it is not
(University of Strathclydgand M. H. Chen(Lawrence Liv-  possible to knowa priori which formula will yield a rate
ermore National laboratoyyhave carried out new dielec- closer to the true DR rate. Savin describes the technique used
tronic recombinatiofDR) measurements for modeling pho- to obtain DR rate coefficients from laboratory measurements
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of DR resonance strengths and energies. For use in plasmianal Laboratory have re-examed the emission line feature
modeling, we also present easy-to-use fitting formulae foat 17.62 A in solar X-ray spectra. Using a Monte Carlo tech-
the experimentally derived DR rates. nique, they compute a realistic upper limit to the observed Fe

Savin and Gu and their collaborators E. Oeat (Ruhr  La photospheric fluorescent line strength caused by irradia-
Univeristy), P. Beiersdorfer, G. V. Brown, and S. B. Utter tion from an overlying corona. These calculations demon-
(Lawrence Livermore National Laboratorgnd A. J. Smith  strate that the photospherierlcharacteristic line is much too
(Morehouse College have measured the lifetime of the weak to account for the observed 17.62 A line flux. Instead,
1s2s%S, level of the He-like N&" ion using the Lawrence- Wwe identify this line with the configuration interaction
Livermore Electron Beam lon Trap. The lifetime is impor- 25°2p*3p®Py, — 252p°?S,, transition in Fe XVIIl seen in
tant for electron density plasma diagnostics which use th&lectron Beam lon Trap Spectra and predicted in earlier
line produced by the radiative decay of the forbiddentheoretical work on the Fe XVIII X-ray spectrum. This line
1s2s°S;, — 1s?'S, transition in heliumlike oxygen. The should be easily resolved and detected in stellar coronae by
measured lifetime distinguishes among theoretical values d§€ spectrographs on the upcoming CXO and XMM mis-
agreement is obtained only with those calculations that emSIOns.
ploy “exact” non-relativistic or relativistic wavefunctions.

Gu, Kahn, and Savin and their collaborators P. Beiersdorp g |CATIONS

fer, G. V. Brown, D. A. Liedahl, and K. J. Redtlawrence  pgelherger, E.G.etal. 1998, “Solar Fusion Cross Sec-
Livermore National Laboratojyand C. P. Bhalla and S. R. tions,” Reviews of Modern Physicg0, 1265.

Grabbe(Kansas State Universityhave used the Lawrence- Aprile, E. et al, 1999, “XENA - A Liquid Xenon Compton

Livermore electron beam ion trap to measure the relative Telescope for Imaging Cosmic Gamma-Ray#jtclear
cross sections for Fe XXIV line emission at electron energies |nstruments and Methods in Physics Reseafsibmit-

between 0.7 and 3.0 keV. The measurements include line ted).
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MEKAL atomic databases. They have found that the atomi®Bracco, A., Chavanis, P.-H., Provenzale, A., and Spiegel
databases miss most of the line flux in this region. While E.A. 1999, “Particle Aggregation in Keplerian Flows,”
some of the missing lines form isolated features, most add up Phys. Fluids 11, 2280.

to form a quasi continuum in the 60-120 A region. This Bravo-Alfaro, H., Cayatte, V., van Gorkom, J.H. and
incompleteness can explain the poor fit when applying Balkowski, C. 1999, “VLA HI Imaging of the brightest
global-fitting techniques to spectra from cool stars measured spiral galaxies in Coma,’A.J. (submitted.

by the Extreme-Ultraviolet Exploresatellite, the origin of Buchalter, A. and Kamionkowski, M. 1999, “The Power
which has been a source of controversy since the original Spectrum, Bias Evolution, and the Spatial Three-Point

observations were made. Correlation Function,”Ap.J, 521, 1.
Kahn and his collaborators J. J. Draleenter for Astro- Buchalter, A., Kamionkowski, M., & Jaffe, A. 1998, “The
physicg, D. A. Swartz(Marshall Space Flight Centerand Angular Three-Point Correlation Function in the Quasilin-

P. Beiersdorfer, and G. V. BrowtLawrence Livermore Na- ear Regime,”Ap.J. (in press.



COLUMBIA UNIVERSITY 11

Caldwell, R.R., Kamionkowski, M., & Wadley, L. 1999, History of the X-ray Pulsar in Kes 73: Further Evidence
“The First Space-Based Gravitational-Wave Detectors,” for an Ultramagnetized Neutron StarAp.J. (Lett.) 522

Phys. Rev. D59, 027101. L49.

Chen, M.H., Reed, K.J., Guo, D.S., and Savin, D.W. 1998Gotthelf, E.V., Petre, R., & Vasisht, G. 1999, “X-ray Vari-
“Dielectronic Recombination for Boronlike lons,Phys. ability from the Compact Source in the Supernova Rem-
Rev. A 58, 4539. nant RCW 103,”Ap. J. (Lett.) 514, L107.

Chen, X., and Kamionkowski, M. 1998, “Cosmic Micro- Griest, K. and Kamionkowski, M. 1999, “Supersymmetric
wave Background Temperature and Polarization Anisot- Dark Matter,” to appear in the David Schramm Memorial
ropy in Brans-Dicke Cosmology,’Phys. Rev. D(in Volume of Physics Reportseds. G. Brown, M. Kamion-
press. kowski, and M. S. Turne(Elsevier Science, Amsterdam,

Chen, X. and Kamionkoski, M. 1998, “Indirect Detection of  2000.

Neutralino Annihilation from Three-body Channels,” to Grupe, D., Leighly, K.M., Thomas, H.-C., & Laurent-
appear in Particle Physics and the Early Universe Muehleisen, S.A. 1999, “The Enigmatic Soft X-ray AGN
(COSMO0-98),Proceedings of the conference, November RX J0134.2—4258,"Astr. Ap.(in press.

15-20, 1998, Montery, CA, ed. D.O. Caldwell. Grupe, D., Thomas, H.-C., & Leighly, K. M. 1999, “RX

Crotts, A. and Heathcote, S. 1999, “SN 1987A’s Circums- J1624.9%+7554: A New X-ray Transient AGN,’Astr. Ap,
tellar Envelope, II: Kinematics of the Three Rings and the 350, 31.

Diffuse Nebula,” Ap.J.(in press. Gu, M.F., Beiersdorfer, P., Brown, G.V., Kahn, S.M.,

Crotts, A.P.S., Fang, Y., Borra, E.F., and York, D.G. 1999, Liedahl, D.A., Scofield, J.H. 1999, “Laboratory Measure-
“Close QSO Triplets Probing the Lyman Alpha Forest,” ments of Resonance Contributions to Fe XXIV Line
A.J. (submitted. Emission,” Physica ScriptaT80, 310.

Crotts, A.P.S. Uglesich, R., Gyuk, G., and Tomaney, A.B.Gu, M.F., Kahn, S.M., Savin, D.W., Beiersdorfer, P., Brown,
1999, “MEGA: Mapping Halo and Bulge Microlensing in G.V., Liedahl, D.A., Reed, K.J., Bhalla, C.P., and Grabbe,
M31,” in Galaxy DynamicsASP Conference Series vol. S.R. 1999, “Laboratory measurements of Fe XXIV line
182, eds. D.R. Merritt, M. Valluri and J.A. Sellwood. emission: 3— 2 transitions near excitation threshold,”

Crotts, A.P.S. and Bechtold, J. 1998, “The Size Evolution of Ap.J, 518 1002.

Ly a Forest Absorbers from > 3 toz < 1,” B.A.A.S.  Halpern, J.P. & Eracleous, M. 2000, “The End of the Lines
193 04.02. for OX 169: No Binary Broad-Line Region,Ap.J, 53],

De Naray, P. J., Brandt, W. N., Halpern, J. P., & lwasawa, K. 000.

2000, “New X-ray Constraints on Starburst and SeyfertHalpern, J.P., Kemp, J., Piran, T., & Bershady, M.A. 1999
Activty in the Barred Spiral Galaxy NGC 1672A.J.(in “The Rapidly Fading Optical Afterglow of GRB
press. 980519,” Ap.J. (Lett.) 517, L105.

Digel, S. W., Aprile, E., Hunter, S. D., Mukherjee, R., and Halpern, J.P., Leighly, K.M., Marshall, H.L., Eracleous, M.,
Xu, F., 1999, “EGRET Observations of the Diffuse & Storchi-Bergmann, T. 1998, “EUVE J0425.6-5714: A
Gamma-Ray Emission in Orion: Analysis through Cycle Newly Discovered AM Herculis Star,”P.A.S.P, 110
6,” Ap.J, 520 196. 1394.

Drake, J.J., Swartz, D.A., Beiersdorefer, P., Brown, G.V.Halpern, J. P., Turner, T. J., & George, |. M. 1999, “Are
and Kahn, S.M. 1999, “On Photospheric Fluorescence There Any Type 2 QSOs?: The Case of AXJ0341.4—
and the Nature of the 17.62 A Feature in Solar X-ray 4453,” M.N.R.A.S.307, L47.

Spectra,”Ap.J, 521, 839. Helfand, D.J., Schnee, S., Becker, R.H., White., R.L., and

Eracleous, M., & Halpern, J.P. 1998, “TH&SCASpectrum McMahon, R.G. 1999, “Thd-IRSTUnbiased Survey for
of the Broad-Line Radio Galaxy Pictor A: A Simple Radio Stars,A.J, 117, 1568.

Power Law with No Fe k& Line,” Ap.J, 505 577. Helfand, D.J. and th&IRSTTeam 1998, “The VLAFIRST
Fried, R., Kemp, J., Patterson, J., Skillman, D., Retter, A., Survey: Large-Scale Structure in the Radio Universe,” in
Leibowitz, E., & Pavlenko, E. 1999, “Superhumps in  Large Scale Surveys in Cosmologyls. S. Colombi and

Cataclysmic Binaries. XVI. DI Majoris,”P.A.S.P.(sub- Y. Mellier (Paris: Editions Frontieres49.
mitted. Helfand, D.J. 1998, “A Cradle Census: Evidence for Young

Gaensler, B.M., Gotthelf, E.V., & Vashisht, G. 1999, “A Neutron Stars in Supernova Remnants, Tine Relation-

New Supernova Remnant Coincident with the Slow X-ray ship Between Neutron Stars and Supernova Rempants

Pulsar AX J1845-0258,'Ap. J. (Lett.) 526, LOOO. eds. R. Bandiera, E. Masini, F. Pacini, M. Salvati, and L.
Getling, A.V. and Spiegel, E.A. 1999, Review of “Rayleigh-  Woltjer, Memorie della Societa Astronomica Italigna

Benard Convection: Structures and DynamicBHys. To- Vol. 69, No. 4, p. 791.

day, 59-60. Huey, G., Wang, L., Dave, R., Caldwell, R.R., Steinhardt,

Gotthelf, E.V. 1998, “Radio-quiet X-ray pulsars in Super- P.J. 1999, “Resolving the Cosmological Missing Energy
nova Remnants and the ‘Missing’ Pulsar Problem,” in  Problem,” Phys. Rey.D59, 063005.
Workshop on Neutron Star/Supernova Remnant Connedkebe, Y., Leighly, K., Tanaka, Y., Nakagawa, T.,
tion, Memorie Societa’ Astronomica ltaliana, 69(aktro- Terashima, Y., & Komossa, S. 1999, “RXTE Observa-
ph/9809139%. tion of NGC 6240: a Search for the Obscured Active
Gotthelf, E.V., Vasisht, G., & Dotani, T. 1999, “On the Spin Nucleus,” M.N.R.A.S(submitted.



12 ANNUAL REPORT

Jaffe, A.H., Kamionkowski, M., & Wang, L. 1999, “The Knigge, C. and Livio, M., 1998, “On the Absence of Jet
Polarization Pursuers’ Guide Phys. Rev. Oisubmitted. Features in the Optical Spectra of Cataclysmic Vari-

Janzen, P.H., Gardner, L.D., Reisenfeld, D.B., Savin, D.W., ables,” M.N.R.A.S.297, 1079.
and Kohl, J.L. 1999, “Reevaluation of Experiments andKnigge, C., 1999, “The Radial Effective Temperature Dis-
New Theoretical Calculations of Electron-Impact Excita- tribution of Steady-State, Mass-Losing Accretion Disks,”
tion of C**,” Phys. Rev. A59, 4821. M.N.R.A.S(in press.

Kaaret, P., Piraino, S., Halpern, J. P. & Eracleous, M. 1999Kobalesky, B., Rudnick, L., Gottelf, E.V., & Keohane, J.W.
“Discovery of a Hard X-ray Source, SAX J063®533, 1998, “The X-ray Expansion of the Supernova Remnant
in the Error Box of the Gamma-ray Source 2EG J0635 Casseopeia A,’Ap. J. (Lett.) 505 L27.
+0521,” Ap. J, 523 197. Kulkarni, S.R.et al. 1999, “The Afterglow, the Redshift,

Kamionkowski, M., Babul, A., Cress, C.M., and Refregier, and the Extreme Energetics of the Gamma-ray Burst
A. 1998, “Theory and Statistics of Weak Lensing from  990123,” Nature 398 389.

Large-Scale Mass InhomogeneitiesM.N.R.A.S. 301, Kunkel, W., Lawrence, S., Crotts, A., Bouchet, P., Heath-

1064. cote, S. and Probst, R. 1998, “Supernova 1987A in the
Kamionkoski, M. 1998, “Cosmic Microwave Background Large Magellanic Cloud(Brightening of Hot Spot”
Tests of Inflation,” Marc Kamionkowski, inTopics in I.LA.U.C, No. 7056.

Astroparticle and Underground Physics '9roceedings Lawrence, S. S.; Crotts, A. P. S. and Gilmozzi, R. 1998
of the conference, Gran Sasso, Italy, September 7-11, “IUE Observations of the Light Echo of SN 1987A,”
1997, eds. A. Bottino, A. di Credico, and P. Monacelli B.A.A.S.193 47.02.

(North-Holland, Amsterdam, 199§ Nuclear Physics B Leighly, K.M. 1999, “A Comprehensive Spectral and Vari-
(Proc. Suppl.)70, 529|. ability Study of Narrow-Line Seyfert 1 Galaxies Ob-
Kamionkoski, M. 1998, “Cosmological-Parameter Determi-  served by ASCA: I. Observations and Time Series Analy-

nation With Cosmic Microwave Background Temperature sis,” Ap.J. (Suppl.)in press.

Anisotropies and Polarization,” iffundamental Param- Leighly, K. M. 1999, “A Comprehensive Spectral and Vari-
eters in Cosmologyproceedings of the XXXIlIrd Ren- ability Study of Narrow-Line Seyfert 1 Galaxies Ob-
contres de Moriond, Les Arcs, France, 17—24 January served by ASCA: Il. Spectral Analysis,Ap.J. (Suppl.)
1998, Eds. J. Tran Thanh Van Y. Giraud-Hereux, F. (in press.

Bouchet, T. Damour, and Y. MelliefEdition Frontiers, Leighly, K.M., Halpern, J.P., Awaki, H., Cappi, M., Ueno,
Paris. S., & Seibert, J. 1999, “ArRXTE Observation of NGC
Kamionkowski, M. and Buchalter, A. 1999, “Weakly Non- 6300: A New Bright Compton Reflection Dominated Sey-

linear Clustering for Arbitrary Expansion Histories,” fert 2 Galaxy,” Ap.J, 522 209.

Ap.J, 514 7. Lue, A, Wang, L., & Kamionkowski, M. 1999, “Cosmo-
Kamionkoski, M. 1998, “New Tests of Inflation,Particles, logical Signature of New Parity-Violating Interactions,”

Strings, and Cosmology (PASCOS ’'9¢yoceedings of Arthur Lue, Limin Wang, and Marc Kamionkowski,

the Sixth International Symposium, Boston, MA, March  Phys. Rev. Lett83, 1506.

22-29, 1998, edited by P. Nafworld Scientific, Sin- Lundgvist, P., Sollerman, J., Kozma, C., Larsson, B., Spyro-

gapore, 1999 p. 19-26. Also to appear iDark '98, milio, J., Crotts, A.P.S., Danziger, J., and Kunze, D. 1999,

Proceedings of the conference, Heidelberg, Germany, “ISO SWS/LWS observations of SN 1987AA&A, 347,

July 20-25, 1998, Eds. H.V. Klapdor-Kleingrothaus and  500.

L. Baudis. Ma, C.-P., Caldwell, R.R., Bode, P., & Wang, L. 1999, “The
Kamionkowski, M. 1998, “Possible Relics from New Phys- Mass Power Spectrum in Quintessence Cosmological

ics in the Early Universe: Inflation, The Cosmic Micro-  Models,” Ap.J. (Lett.) 521, L1.

wave Background, and Particle Dark Matter,” to appearMoran, E.C., Lehnert, M.D., and Helfand, D.J. 1999 “X-rays

in The Early and Future Universeproceedings of the from NGC3256: High Energy Emission in Starburst Gal-

CCAST Workshop, Beijing, China, June 22—-27, 1998, ed. axies and Their Contribution to the Cosmic X-ray Back-

Minghan Ye(Gordon Breach, New Yopk ground,”Ap.J.(in press.
Kamionkowski, M. and Jaffe, A. 1998, “New Troubles for Mukherjee, R.,etal. 1999, “Studies of AGN Using the
Inflation?” Naturg 395 639. STACEE Detector,” Proceedings of the 26th Interna-

Kamionkoski, M. 1998, “The Cosmic Microwave Back- tional Cosmic Ray Conferenc®G 2.1.
ground: Beyond the Power Spectrum,” to appeaEwo-  Mukherjee, R.get al. 1999, “Broadband Spectral Analysis of
lution of Large-Scale Structure: from Recombination to PKS 0528-134: A Report on Six Years of EGRET Ob-
Garching, proceedings of the MPA/ESO workshop, Au-  servations,”Ap.J.(in press.

gust 2—7, 1998, Garching, Germany. Mukherjee, R. and Chiang J. 1999, “EGRET Gamma-ray
Kamionkowski, M. and Kosowski, A. 1999, “The Cosmic Blazars: Luminosity Function and Contribution to the Ex-
Microwave Background and Particle Physics&hnual tragalactic Gamma-ray Backgroundistroparticle Phys-
Reviews of Nuclear and Particle Scien@e press. ics, 11, 213.
Kinkhabwala, A. and Kamionkowski, M. 1999, “A New Odewahn, S.C.etal. 1998, “The Host Galaxy of the
Constraint to Open Cold-Dark-Matter Models,Phys. Gamma-ray Burst 971214,Ap. J. (Lett.) 509 L5.

Rev. Lett82, 4172. Paparella, F. and Spiegel, E.A. 1999, “Sheared Salt Fingers:



COLUMBIA UNIVERSITY 13

Instability in a Truncated Model,”Phys. Fluids 11, axy RGB J0044-193,” Astr. Ap, 348 678.

1161-1168. Singh, K. P., Drake, S. A., Gotthelf, E. V., & White, N. E.
Patterson, J. 1998, “Late Evolution of Cataclysmic Vari- 1999, “X-ray Spectroscopy of Rapidly Rotating, Late-

ables,” P.A.S.P, 110, 1132. type Dwarf Stars,”Ap.J, 512 874.

Peterson, J.Bet al. 1999, “Cosmic Microwave Background Skillman, D., Patterson, J., Kemp, J., Harvey, D., Fried, R.,
Observations in the Post-Planck Era,” Report of the Retter, A., Lipkin, Y., & vanmunster, T. 1999, “Super-
NASA Ad HocCommittee on Future Cosmic Microwave  humps in Cataclysmic Binaries. XVII. AM Canum
Background Missions. Vanaticorum,” P.A.S.P.(submitted.

Pickering, T.E., van Gorkom, J.H., Impey, C.D., and Quillen,Spiegel, E.A. and Tao, L. 1999, “Photofluid Instabilities of
A.C. 1999, “Kinematics and Neutral Hydrogen Properties Hot Stellar Envelopes,’Phys. Rep.311, 163.
of the Giant Low Surface Brightness Galaxy UGC 2936,” Steinhardt, P.J., Wang, L., & Zlatev, I. 1999, “Cosmological
A.J, 118 765. Tracking Solutions,”Phys. Rey.D59, 123504.

Pivovaroff, M. J., Kaspi, V. M., & Gotthelf, E. V. 1999, Sugerman, B.E., Uglesich, R.R., and Crotts, A.P.S. 1999,
“ASCA Observations of the Young Rotation-Powered “Observations of RR Lyrae in M31 using Difference Im-

Pulsars PST B1046-58 and PSR B1610-58p.J. (in aging Photometry,”B.A.A.S. 194, 82.01.
press. Sugerman, B.E., Uglesich, R.R., and Crotts, A.P.S. 1998,
Refregier, A., Brown, S.T., Kamionkowski, M., Helfand,  “Observations of RR Lyrae in M31 using Difference Im-

D.J., Cress, C.M., Babul, A., Becker, R.H., and White, aging Photometry,"B.A.A.S. 193 46.11.
R.L. 1998,“Weak Lensing by Large-Scale Structure with Sugerman, B., Summer, F.J., & Kamionkoski, M. 1999,

the FIRST Survey,” in Large Scale Surveys in Cosmol-  “Testing Linear-Theory Predictions of Galaxy Forma-

ogy,eds. S. Colombi and Y. MelligiParis: Editions Fron- tion,” M.N.R.A.S(submitted.

tiereg 209. Taylor, C., Thorstensen, J., Fried, R., Patterson, J., Vanmun-
Reisenfeld, D.B., Gardner, L.D., Janzen, P.H., Savin, D.W., ster, T., Harvey, D., Skillman, D., Jensen, L., & Shuga-

and Kohl, J.L. 1999, “Absolute Cross Section for*Si rov, S. 1998, “Superhumps in Cataclysmic Binaries. XIV.

(3s%1S — 3s3p'P) Electron-Impact Excitation,’Phys. V592 Cassiopeiae,P.A.S.P,. 110, 1148.

Rev. A 60, 1153. Taylor, C.J., Thorstensen, J.R., & Patterson, J. 1999, “LS

Sako, M., Liedahl, D. A., Kahn, S. M., and Paerels, F. 1999, Pegasi: A Low-Inclination SW Sextantis-Type Cataclys-
“The X-ray Spectrum and Global Structure of the Stellar mic Binary with High-Velocity Balmer Emission-Line
Wind in Vela X-1,” Ap.J.(in press. Wings,” P.A.S.P. 111, 1841.

Sako, M., Kahn, S. M., Liedahl, D. A., and Paerels, F. 1999,Tomsick, J. A., Halpern, J.P., Kemp, J., & Kaaret, P. 1999,
“The Physical Conditions of the X-ray Emission Line  “XTE J2123-058: A New Neutron Star X-ray Tran-

Regions in the Circinus Galaxy,Ap.J.(in preparatioin sient,” Ap.J, 521, 341.
Sari, R., Piran, T., & Halpern, J. P. 1999, “Jets in GRBs,” Trabert, E., Beiersdorfer, P., Brown, G.V., Smith, A.J., Utter,
Ap.J. (Lett.) 519 L20. S.B., Savin, D.W., and Gu, M.F. 1999, “Improved EBIT

Savin, D.W., Beck, B., Beiersdorfer, P., Kahn, S.M., Brown, lifetime measurements of the Rie 1s2s°S; Level,”
G.V., Gu, M.F., Liedahl, D.A., and Scofield, J.H. 1999, Phys. Rev. A60, 2034.

“Simulations of a Maxwellian Plasma Using an Electron Uglesich, R., Crotts, A.P.S., Tomaney, A.B. and Gyuk, G.
Beam lon Trap,”Physica ScriptaT80, 312. 1999, “The Columbia/VATT Microlensing Survey of
Savin, D.W. 1999, “Experimentally Derived Dielectronic M31: Preliminary Results from Five Seasons of Observa-

Recombination Rate Coefficients for HeliundikC V and tions,” B.A.A.S. 194, 90.04.

Hydrogenic O VIII,” Ap.J.(in press. Valluri, M., van Gorkom, J.H. and McMahon, P.M. 1999,
Savin, D.W., Kahn, S.M., Grieser, M., Linemann, J., Rep- “Substructure in the Hydra | Cluster. The HI Perspec-

now, R., Saghiri, A.A., Schmitt, M., Schwalm, D., Wolf, tive,” A.J, submitted

A., Bartsch, T., Brandau, C., Hoffkencht, A., Ner, A., Van der Veen, W.E.C.J., Huggins, P.J., Matthews, H.E.

Schippers, S., Chen, M.H., and Badnell, N.R. 1999, “Di- 1998, “Atomic Carbon in the Circumstellar Envelopes of

electronic Recombination in Photoionized Gas. Il. Labo- Evolved Stars,”Ap.J, 505 749.

ratory Measurements for Fe XVIII and Fe XIX,Ap.J.  Van Gorkom, J.H. 1999, “HI Images that changed my View

(Suppl.) 123 687. on the Universe,” inFestschrift for the 60th birthday of
Schiminovich, D., van Gorkom, J.H., van der Hulst, J.M. B. Clark eds. D. Finley and W.M(Goss in press

1998, “Hl in Shell Elliptical Galaxies,” IAU 186Galaxy  Vanden Berk, D.E., Lauroesch, J.T., Stoughton, C., Szalay,

Interactions at Low and High Redshids. Barnes and A.S., Koo, D.C., Crotts, A.P.S., Blades, J.C., Melott,

Sandergin press. A.L., Boyle, B.J., Broadhurst, T.J., and York, D.G. 1999,
Shull, J.M., Penton, S.V., Stocke, J.T., Giroux, M., van “Clustering Properties of Low-Redshift QSO Absorption

Gorkom, J.H., Lee, Y.-H., and Carilli, C. 1998, “A Clus- Systems Toward the Galactic PoleAp.J. (Suppl,)122,

ter of low redshift Ly-alpha clouds toward PKS 2155-304  355.

I. Limits on metals and D/H.,”A.J, 116, 2094. Verde, L., Wang, L., Heavens, A., and Kamionkowski, M.
Siebert, J., Leighly, K.M., Laurent-Muehleisen, S.A., Brink- 1999, “Large-Scale Structure, the Cosmic Microwave
mann, W., Boller, Th., Matsuoka, M. 1999, “An ASCA Background, and Primordial Non-GaussianityM.N-

Observation of the Radio-loud Narrow-line Seyfert 1 Gal- .R.A.S. (Lett.Jin press.



14 ANNUAL REPORT

Wang, L. and Steinhard, P.J. 1998, “Cluster Abundance drogen in Compact Groups,” IAU 186Galaxy Interac-
Constraints on Quintessence Model#p.J, 508 483. tions at Low and High Redshifeds. Barnes and Sanders,
Wang, Q., & Gotthelf, E. V. 1998, “ROSAT HRI Detection (in press.
of the 16 ms Pulsar PSR J0537-6910 Inside SupernovXu, J. and Crotts, A.P.S. 1999, “Structure and Kinematics of

Remnant N157B,”Ap.J. (Lett.) 509, L109. the Interstellar Medium in Front of SN 1987A Ap.J,
White, R.L. et al. 1999 “The FIRST Bright Quasar Survey 511, 262.
[I: 60 Nights and 1200 Spectra LaterA.J. (in press. Zlatev, I., Wang, L., & Steinhardt, P. 1999, “Quintessence,

Williams, B.A., van Gorkom, J.H., Yun. M.-S. and Verdes- Cosmic Coincidence, and the Cosmological Constant,
Montenegro, L. 1998, “VLA Observations of Neutral Hy- Phys. Rev. Lett82, 896.

¢



