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This report covers the period September 2001 througibepartment in July and was replaced by Erick Weinberg.
August 2002 and comprises an account of astronomical rékay became Chair of the Physics and Astronomy Depart-
search carried out in the Department of Astronomy and thenent at Barnard. Halpern continued as Director of the MDM
Department of Physics. Observatory.

Faculty and Research Associates were James Applegate,

Elena Aprile, Norman Baker, Arlin Crotts, Karl-Ludwig Gi- 1. STARS AND STELLAR EVOLUTION

boni, Eric Gotthelf, Charles Hailey, Jules Halpern, David The center for Backyard Astrophysics accumulate8D0
Helfand, Lam Hui, Steven Kahn, Laura KafBarnard, pights of observation during 20812002. This network of
Lloyd Motz (Emeritug, Reshmi Mukherje¢Barnard, Rob-  rimarily amateur astronomers does stellar photometry with
ert Novick (Emeritus, Frederik Paerels, Joseph Pattersongma|l telescopes in their backyards. Columbia personnel in-
Kevin PrendergastEmeritug, Andrew Rasmussen, Malvin ¢|,ded Patterson, the CBA founder, J. Kerjpint As-
Ruderman, Daniel Savin, Edward Spiegel, Jacqueline vagonomy Centrg Espaillat, Suh, and Armstrong. Center ob-
Gorkom and David Windt. Faculty members at Biosphere Zeryers typically observe a star steadily for a few months,
are Karen Vanlandingham, Philip Yecko and Catharine Gartrying to amass the densest possible coverage by stressing
many. New faculty appointments include Andrei Beloboro-|ong observation and distribution of observers in longitude.
dov, Zoltan Haiman, and Amber Miller. This provides a time series well suited to the study of peri-
Graduate students participating in research were Douglagdic signals, and immunized from the “aliasing” problems
Bramel, Tzu-Ching Chang, Aeree Chung, James Chonkqpherent in data from a single site. Long-time observers are
Alessandro Curioni, Mark Dijkstra, Akimi Fujita, Suvi in Be|gium’ Denmark, Mary|and, Arizona, lllinois, New
Gezari, Eilat Glikman, JaeSub Hong, Mark Jackson, Mirand&ealand, South Africa, and Australia. During this period,
Jackson, Benjamin Johnson, Moo KwafRyan Joung, Ali  new nodes were established in Finland, Canada, New
Kinkhabwala, Maurice Leutenegger, Yuexing Li, Adam Lidz, Mexico, and Colorado. Most programs involve the study of
Nestor Mirabal, Kaya Mori, Anthony Mroczkowski, James cataclysmic variables, justly famous for the many periods
Don Neill, Kaixuan Ni, John Peterson, Andreea Petric, Pietrqoresent in their light curves.
Reviglio, Jacob Noel-Storr, David Spiegel, Ben Sugerman, The highlight of the year was provided by the spectacular
Robert Uglesich, Chuanyi Yang, Haitao Yu, Anthony 2001 outburst of WZ Sagittae, the world’s most famous
Zamojski. dwarf nova. Within 12 hours of discovery, CBA telescopes
Undergraduates participating in research were Anngvere parked on the star, and stayed on it for 114 dmyjss-
Abramson, Eve Armstrong, Randy Berkowitz, Tiffany Chris- ing just 1 day of coverageFourier analysis of the resultant
tatos (Barnard, Maya Cohen(Barnard, Benjamin Collins, light curves showed a delicate fine-structure in the periodic
Alexander CosmagColumbia Engineering Catherine Es- signals, with~20 incommensurate frequencies. All the fre-
paillat, Adam Fallon, Rebecca Grossm@duarnard, Karina  quencies obeyed the formutaw,,—m¢, where is the
Hamalainen (Barnard, David Krohn, Rachel Semple assumed precession frequency of the accretion disk,nand
Schuchter(Barnard, Dana SternBarnard, Jin Suh, Gisela andn are small integers — following the selection rules fa-
Telis. Research staff assistants include Alex Bergier, Allisormiliar from the wave solution for the hydrogen atom! The
Brooks, Elise Laird, and Mala Mateen. moral, at least mathematically, is that accretion disks too are
Robert Uglesich and Jaesub Hong received Ph.D. degreegoverned by second-order differential equations with bound-
Appointments during 2000—2001 were held by Adjunctary conditions.
Professors Michael Allison from the Goddard Institute for By studying the precession rates of CVs and X-ray bina-
Space Science, and Michael Shara and Mordecai MacLowies of known mass ratio, Patterson established a universal
from the American Museum of Natural History. Postdoctoralcalibration between thébservablg precession rate and the
Research Scientists appointments were held by David Alveggenerally unobservablenass ratio in such stars. This essen-
Edward Baltz, Ehud Behar, Martin Bureau, Fernandotially permits us to weigh the unseen secondary star. By ap-
Camilo, Soizik Donguy, Jason Koglin, Richard Easther,plying the relation to the 66 CVs showing superhumps, he
Masanori Kobayashi, William Kinney, Stephen Lawrence,found a well-constrained mass-radius relation for the second-
Patrick Cseresnjes, Caleb Scharf and Jacob Vink. aries, and identified 7 as clearly below the Kumar limit of
James Cordes and Saul Teukolsky were Visiting Profesf.075M, . Large data sets, comprising typicalty300 hr
sors from Cornell University and Dani Maoz was a visiting over ~60 nights, have been collected on many other short-
Professor from Tel Aviv University. Diane Wong was a vis- period stars, to study accretion-disk precession in CVs. Their
iting student, also from Cornell. study and understanding will keep analysts and modelers
Van Gorkom completed her term as Chair of the As-busy for years to come.
tronomy Department and was replaced by Helfand in July. An ongoing campaign to observe and model figl&cuti
Paerels continues as Director of the Columbia Astrophysicsariables pulsating in low order radial modes is underway at
Laboratory. Kahn completed his term as Chair of the Physicshe Biosphere 2 Observatory. Under the supervision of
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Yecko, undergraduates Cosmas and Hamalainen are involveshergy range promises exciting scientific retur83ACEE
in both modeling and observing. Theoretical calculations othas detected the Crab Nebula, and the active galaxy Markar-
the § Scuti instability strip, which have never before ap-ian 421, thus demonstrating that lower energy thresholds can
peared in the literature, have been performed using a numerde achieved by using existing large arrays of solar heliostat
cal code that includes models for turbulence and convectiormirrors to collect Cherenkov light.
Difficulty in producing exact nonlinear models, or limitcycle ~ The MDM Observatory continues to pursue optical and
solutions, has been tied to a peculiarity of #i&cuti insta-  infrared observations of afterglows gfray bursts(GRB9
bility strip: the unstable regions of Fundamental, First Over-under the direction of Halpern and Mirabal. The event rate
tone and Second Overtone modes essentially overlap. has increased with the successful operation of the HETE-2
Leutenegger and Kahn, with collaborator G. Ramsay atatellite. Several GRB locations were observed in 2001-
MSSL, presenXMM-Newtonobservations of the luminous 2002, including extensive monitoring of the bright afterglow
star Eta Carinae, including a high resolution soft X-ray specof GRB 021004, which shows several significant deviations
trum of the surrounding nebula obtained with the Reflectionfrom a power-law decay. Images and light curves from suc-
Grating Spectrometer. The EPIC image of the field arounaessful observations of GRBs at MDM Observatory are
Eta Car shows many early-type stars and diffuse emissiomaintained at: http://www.astro.columbia.edu/
from hot, shocked gas. The EPIC spectrum of the star igroupresearch.html
similar to that observed in previous X-ray observations, and Mirabal, Paerels and Halpern got their chance at a deep,
requires two temperature components. The RGS spectrum digh resolution soft X-ray spectrum of a Gamma-ray Burst
the surrounding nebula shows K-shell emission lines fromafterglow on April 5, 2002. Executing a pre-approved Target
hydrogen-like and helium-like nitrogen and neon, andof Opportunity observation, they obtained a high-resolution
L-shell lines from iron, but little or no emission from oxy- grating spectrum of the GRB 020405 afterglow, with a total
gen. The observed emission lines are not consistent with exposure of 51 ks, using the LETGS instrument onboard
single temperature, but the range of temperatures observed@handra A significant detection of Fe peak elements and
not large, spanning-0.15- 0.6 keV. They obtain upper lim- particularly mediumZ « elementgC through Sj, where the
its for oxygen line emission and derive a lower limit of N/O highest spectral sensitivity for this choice of instrument is
>9. This is consistent with previous abundance determinaachieved, could have helped establish the nature of GRB
tions for the ejecta of Eta Car, and with theoretical modelgprogenitors. However, the spectrum appears featureless, with

for the evolution of massive, rotating stars. no evidence for emission lines, absorption edges, or narrow
radiative recombination continua. The absence of iron lines
2. y-RAY SOURCES indicates that the density of nearby surrounding material was

- . _ unlikely to be very densen=5x 10*? cm™3) at the time of
Establishing the nature of the majority of the h|gh-energythe Chandraobservation. Alternative to this explanation for

g—(r;elg/o_sourcesbldwc?r:/ etred :_)y trEtGRET |_nst_rutmem on | the lack of emission features, any X-ray line emission taking
. 'S a problem that continues to requiré intensive mu_'place in a denser medium well within the light-distance trav-
tiwavelength observational effort. This year, the COIumb'aeIed by the afterglow in a “nearby reprocessor” scenario
grOLtljpdobtamecChandrSSH_S'l', r?nd radltc)) obsferr\]/atfnshof & might have been overwhelmed by the bright afterglow con-
Caﬂd ! ?:.e SEUGt:gETSm ) in tt ﬁ.e;rcg loxtp It t?t (;|g ;eSé tinuum. This apparent contradiction with other reported de-
g:ége;ylslgels Its ult soufrtc; athig ¢ alac ICd Ia II? fe, i tections of discrete structure in afterglow spectra warrants

- 1S UTrasott A-ray Spectrum and fack of a radio ¢, deep spectroscopic observations, designed to provide
pulsar or optical counterpart to a limit>28.5 verifies that it

: . . ) . a definitive answer to the question of how common signifi-
is a radio qu_let NS, probably an older or more distant VETSIORtant discrete X-ray emission really (surrent detections are
of the Geminga pulsar. Jacksen al. published a compre- e
. ) . ) of low significance.

hensive study of Geminga using all availall&sRO and
ASCAdata. Halpern and Eracleous obtained new redshifts
for nine candidatey-ray blazars, and observed several oth-3. PULSARS, NEUTRON STARS, & SUPERNOVAE
ers. Optical spectra of the blazar counterparts of 3EG J0433 Camilo, Gotthelf, Halpern, and Helfand, along with their
+2908 and 3EG J050680540 are featureless and do not students and collaborators, continue to make significant
yield redshifts. These two objects are of interest because thgyrogress in identifying and studying neutron staM$9 and
emit above 10 GeV. their environments, ranging from the very youngest within

Mukherjee, Gotthelf, Halpern, and Mirabal continued supernova remnant$SNRS9, to the oldest millisecond pul-
their work on other unidentifieEGRETsources. They sug- sars (MSP9 in the Galactic disk and in globular clusters
gested an identification for thEGRET source 3EG J1621 (GCs.
+8203, most likely the second radio galaxy to be detected by At the turn of the new century, with more than 1500 pul-
EGRET Work on several additional unidentified high energy sars and 200 SNRs known, the number of secure Galactic
sources is currently in progress. pulsar—SNR associations was a paltry 10. Studying such as-

Mukherjee and Bramel worked o8TACEE(the Solar sociations is of interest in order to infer the initial period,
Tower Air Cherenkov Effect Experimenta ground-based velocity, and magnetic field distribution of NSs, as well as
detector that is sensitive to high energy gamma-rays in théhe “beaming fraction” of young pulsars, their luminosity
regime 50 to 300 GeV. This part of the electromagnetic specdistribution, and Galactic population and birthrate. Using a
trum has been largely unexplored and astrophysics in thigariety of X-ray and radio telescopes, the number of such
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associations has increased in the past two years to 16, witthang of GSFC/NASA, J. Middleditch of LANL, and
our group involved in all the new discoveries. This past yearWang; the 7 s anomalous X-ray pulsar in SNR Kes(#gth
in a series of four papers, Cami al. describe the detection Kaspi and D. Chakrabarty of M)Tand the 324 ms pulsar in
of radio (and in some cases X-rapulsations from young Kes 75(with Kaspi and F. P. Gauvriil of McGi)l Together,
NSs in the SNRs G292401.8, 3C 58, G54.£0.3, and in the  these objects present a diverse sample of young pulsars with
unusual axisymmetric non-thermal nebula G359.23-0.82vhich to explore the evolution of young NSs.
(“The Mouse”). The radio luminosity of these pulsars is  Using Chandra HST, and Parkes radio data, Camilo, in
very low (of order 1 mJy kptat a frequency of 1400 MHz  collaboration with J. E. Grindlay and P. D. Edmongar-
and suggests that many more as yet undetected young pulsaard), report on a study of the MSP population in the GC 47
may emit beamed radiation towards the Earth. Searches withucanae, including the detection of an unusgabssibly
the Parkes, Arecibo, GBT, and Jodrell Bank telescopes ar@ain sequengeoptical counterpart to one of its MSPs. All
continuing. They also continue studying the newly discov-17 MSPs in the cluster with known positions are detected
ered pulsars and in particular have obtained nearly contenwith Chandra they are very weak and predominantly soft
poraneous radio and X-ray observations of several to invessources, suggestive of thermal emission from small polar
tigate their emission mechanigsh caps on the NS. Surprisingly, the observed relationship be-
The Columbia group has also us€thandra XMM, and  tween X-ray and spindown luminosity{=E®9) is appar-
RXTEto study a number of young SNRs and NSs. Theseently different from that previously reported for Galactic pul-
observations with high spatial, spectral, and time resolutiorsars in the field. Also, based on the radial distribution of the
are shedding light on the characteristics of the young NSsoft sources detected so far, the implied total MSP population
and also on their interaction with their host SNRs. in 47 Tuc with Ly>10% erg s'! is about 35-90. These
Helfand, undergraduate student Collins, and Gotthelf pubresults will be extended by the much deeper 30€Ckandra
lished a detailed X-ray image and spectroscopic analysis ajbservation just completed.
SNR Kes 75, a classic composite remnant containing a bright Camilo and collaborators also continue to report on re-
non-thermal core powered by a young, energetic pulsar witlsults of the now completed Parkes multibeam pulsar survey,
a characteristic age of only 723 years. Gotthelf, along withas well as on further discoveries and studies of MSPs in
collaborators V. M. Kaspi, M. S. E. Roberts, and C. R. TamGCs.
(McGill), have continued investigation of the SNR G11.2— Sugerman and Crotts, along with researchers from Hof-
0.3. This remnant, a composite like Kes 75, contains a 69 mstra, Harvard, Notre Dame and several other institutions have
pulsar whose characteristic age of 24,000 yrs is in severbeen monitoring the formation of SNR 1987A, the first su-
conflict with the SNR age since it is the remnant of thepernova remnant ever observed in detail from the moment of
supernova SN 386. Working with Gotthelf and Helfand, M. the supernova explosion onward. Using the Hubble Space
Agueros (U. Washingtoin has usedXMM to detect X-ray Telescope and telescopes at Cerro Tololo Interamerican Ob-
emission from G16.70.1, one of the faintest radio synchro- servatory and Las Campanas Observatory in Chile, they have
tron nebulae known. Gotthelf, with collaborators D. L. Ka- found that the ejecta from Supernova 1987A has started to
plan, S. R. Kulkarni(Caltech, B. M. Gaensler(Harvard, collide at a large fraction of the speed of light with the sur-
Slane, and D. A. Frail(VLA), are conducting a multi- rounding nebula, seen as three rings of material which were
wavelength search for new NSs associated with SNRs. Alsagleased by the progenitor star 20,000 years before the ex-
as part of an earlier collaboration with the Caltech groupploson. This collision takes the form of a series of individual
Kaplanet al. have reported a precigghandralocalization of ~ “hot spots,” some of which appear ready to soon merge and
the softy-ray repeater SGR 1806—20. engulf the innermost portion of the nebula. Sugerman and
Gotthelf has presented a spectral analysis of nine pulsaGrotts are also using the bright flash of the supernova explo-
observed byChandrathat show bright, resolved pulsar wind sion as a radar pulse or “light echo,” mapping outer parts of
nebulae. Collectively, these objects suggest a fundamentéte nebula in a way that has not been heretofore possible for
spectral relationship between pulsars and their wind nebulagny incipient supernova remnant. In another supernova
not easily explained in the framework of current models for(1993J) some sixty times farther away, they have used the
pulsar emission mechanisms. In the 2—10 keV energy bandgame echo technique to find several new structures and study
the spectral slope derived for the pulsars and their windhem in three-dimensional detail rarely seen in such distant
nebulae are found to be tightly correlated over the full rangebjects.
of measured values and the spectral index of the younger, Hailey and graduate student Mori have been studying the
more energetic pulsars are seen to be steeper. The formgpectroscopy of neutron star atmospheres. They have devel-
strongly constrains emission models and the latter providesped a new perturbative, multi-configurational technique for
an important probe of pulsar spin-down evolution. These resolving Schrodinger’s equation in an intense magnetic field.
sults provide new observational insight into the emissionThe approach permits rapid solution of the Schrodinger
mechanisms of young rotation-powered NSs. equation on a small computer and the generation of spectral
Using theRXTE satellite, Gotthelf is studying the long- feature positions for arbitrary ion and magnetic field
term rotational behavior of several young X-ray pulsars.strengths. They have applied this technique to the spectrum
These include the 16 ms pulsar in N157B and the 50 m®f neutron star 1E1207.4-5209 and established that the star
pulsar B0540—-69, both of which reside in SNRs in the Largemust have a mid-atomic number atmosphere. They are also
Magellanic Cloud(collaboration with F. Marshall and W. analyzingKXMM-Newtondata on the Vela pulsar. M. Jimenez-
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Garate(MIT) and Hailey have been studying Her X-1 using Balmer series in H-like and He-like Fe, respectively, both at
spectroscopic data obtained with tiBIM-NewtonObserva-  a redshift ofz=0.35. the spectrum also shows peculiar, sig-
tory. nificant structure at the redshifted position of the H-like O Ly
Behar, Vink, Rasmussen, and Kahn, and collaboratorsg wavelength. If this interpretation is correct, we have the
have measured the X-ray emission from the young supeifirst measurement of the gravitational redshift at the surface
nova remnantSNR) N 103B, using the high-resolution cam- of a neutron starz=0.35. The constraint on the ratio of
eras and spectrometers on boxdM-NewtorandChandra ~ mass-to-radius from this redshift is such that it does not ex-
The spectrum from the entire remnant is reproduced verglude mainstream Equations of State for either conventional
well with three plasma components ff,=0.55, 0.65, and neutron stars, or exotic objectguark stars
3.5 keV, corresponding roughly to line emission by the O K, ChandraFellow Vink published an article in which he
Fe L, and Fe K species, respectively. Narrow band imagegescribes the first detection of radioactive scandium-44 lines
reveal different morphologies for each component. kKfig ~ at 68 and 78 keV in the young supernova remnant Cas A.
=0.65 keV Component, which dominates the emission meaThe detection was based on a 500 ks observation with the
sure, is in ionization equilibrium. This provides a lower limit PDS instrument onboard the Italian/DutBeppoSAXsatel-

of 1200 years to the age of the remnant, which is in agreelite. The line flux found is in agreement with earlier detection
ment with the previously assumed age of 1500 years. Base®f radi_oactive ca_lcium—44 line emission, the deca_y product of
on the measured energy of the Fe K feature at 6.5 keV, th§candium-44, wittCGRO-ComptelScandium-44 is the de-
hot (3.5 keV) component is found to be recently shocked €2y product of titanium-44 a short lived radioactive element
(~200 yeary and still ionizing. The high elemental abun- that is mgc!e in core-collapsg supernovae. Its production iS
dances of O and Ne, and the low abundance of Fe, coulMery Sensitive to the explosion energy, explosion assyme-
imply that N103B originated from a Type Il supernova, tries, and the mass-cut between the supernova ejecta and the
rather than a Type la, as previously thought neutron star. The observed flux translates into an intial mass
1 - _4 . . . . .
Kahn and Paerels and collaborators observed the massi®é 1—2%10 Mg, which is on the high side of what is
X-ray binary Cen X-3 over approximately one quarter of thetheoretically predicted. .
system’s 2.08 day orbit, beginning before eclipse and ending FOr the same supernova remnant, Vink has collaborated
slightly after eclipse center, with ti@handraX-Ray Obser-  With R. Willingale (Leicestey and a group led by J. Bleeker
vatory High-Energy Transmission Grating Spectrometer. ThéSRON, Netherlandson mapping doppler shifts in the Si, S
spectra show K shell emission lines from hydrogen- andnd Fe X-ray line emission, as well as various other plasma
helium-like ions of magnesium, silicon, sulfur, and iron, asParameters. The work is based ®MM-Newtonobserva-

well as a K fluorescence emission feature from near-neutrai©nS and confirms the assymetric expansion of Cas A in
iron. The helium-liken=2—1 triplet of silicon is fully re-  9reat detail. This work also shows that, in the radial direc-

solved, and the analogous triplet of iron is partially resolved!ion: shocked iron is moving at higher velocities than Si and
The helium-like triplet component flux ratios outside of S, in contradiction to predictions from core-collapse super-
eclipse are consistent with emission from recombination an§©V& models. _ , ,
subsequent cascades from a photoionized plasma. In eclipse,\ﬁnk collaborated with Laming on t_he hard X-ray emis-
however, the resonance lines of silicon and iron are stronge?Jon of Cas Albased on the aforementionBeppoSAXdata

than that expected for recombination radiation, and are Cor%r;]d a:jchwszRQ-OSSEgta) n c'omb|nat|on W_'th archlval
sistent with emission from a collisionally ionized plasma. andra observations. Using various assumptions it was pos-

The triplet line flux ratios at both phases can be explainet?r:ble to obtain fromt_th]? T:r.d >§j raé/: sngtra a Iowerfl:)mét tOG
more naturally, however, as emission from a photoionize& € average magnetic field inside L.as A In Excess 0T U.5mb,

plasma if the effects of resonant line scattering are include Eeredas Xg?; ge ;/_\ndth o_f narrov_\; fllamer:]ts seen in _the
in addition to recombination radiation. They show that the anara -=ontinuum images It was shown, assuming

emissivity due to resonant scattering depends sensitively owe widths are determined by synchrotron losses, that the

the line optical depth and, in the case of winds in x_raymagnenc field near the shock front 0.1 mG,

binaries, this allows constraints on the wind velocity evenele\cﬁtrr]gﬁ-itgr??g;sre\rl\;:lrjre\].eM.uiIIi_t?rrgtlir:J%('i\lnRtlFl)e, svlv,lorekriivgnrem-
when Doppler shifts cannot be resolved. b q P

Paerels, with collaborators CottafGSFQ and Mendez nant SN 1006. The analysis of the data is rather complex as

(SRON, the Netherlangi$ias examined the cumulative spec- it uses theXMM-Newtongrating spectrometer to obtain a

trum of 28 Type | X-ray bursts from the Low Mass X-ray high resolution spectrum of a small knot in the north-west of

Binary EXO0748-676. The data were collected over morethe 30-diameter remnant. The knot dominates the spectrum

than 300 ksec of exposure witMM-Newton and provide although it is contaminated with emission from the rest of
; the remnant. Nevertheless, there is clear evidence for thermal

the most detailed look at the soft X-ray Burst spectrum ever, . . . . . )

. . ; broadening of the OVII lines, implying an ion temperature in
After quantitatively accounting for the absorption spectrum : .
arising in highly ionized circumstellar material, a number ofthe small knot more than two orders of magnitude higher

g in mghly ) . i ' than the electron temperaturel keV.

absorption features remains unidentified; these have no
known systematic instrumental origin or obvious spectro-
scopic interpretation. The most prominent features appear & ACTIVE GALACTIC NUCLEI
~13.0 and 13.8 A; as it turns out, these wavelengths coin- Behar, Kahn, and collaborators present the analysis of
cide with the strongest transitions in the analog of themulti-wavelengthXMM-Newtondata from the Seyfert gal-
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axy NGC 3783, including UV imaging, X-ray and UV light- production and dispersal rates, and hence on the global star
curves, the 0.2 10 keV X-ray continuum, the iron & emis-  formation history.

sion line, and high-resolution spectroscopy and modelling of The Deep Survey instrument on tixtreme Ultraviolet

the soft X-ray warm absorber. The 8:20 keV spectral con- Explorersatellite obtained long, nearly continuous soft X-ray
tinuum can be well reproduced by a power-law at higheright curves of 5-33 days duration for 14 Seyfert galaxies
energies; they detect a prominent Fe Kmission line, with and QSOs. Halpern, K. M. LeighlgJ. Oklahoma, and H.
both broad and narrow components, and a weaker emissidn Marshall(MIT) analyzed all of these archival data, which
line at 6.9 keV, which is probably a combination of F@K account for a total of 231 days of observation. Several of
and Fe XXVI. They interpret the significant deficit of counts these highly variable light curves are well-suited to a search
in the soft X-ray region as being due to absorption by ionizedor periodicity or QPOs in the range of hours to days that
gas in the line of sight. This is demonstrated by the largenight be expected from dynamical processes in the inner
number of narrow absorption lines in the RGS spectrunccretion disk around-10° Mg black holes. Light curves
from iron, oxygen, nitrogen, carbon, neon, argon, magneand periodograms of the three longest observations show
sium, silicon, and sulphur. The wide range of iron statedeatures that could be transient periods: 0.89 days in RX
present in the spectrum enables them to deduce the ionizd0437.4—4711, 2.08 days in Ton S180, and 5.8 days in 1H
tion structure of the absorbing medium. They find that the0419-577. The statistical significance of these signals was
spectrum contains evidence of absorption by at least tw&sStimated using a method that carefully takes into account
phases of gas: a hotter phase containing plasma with |0Eﬂe red-noise properties of Seyfert light curves. The result is
ionization parametef (where¢ is in units of ergs cmst) of ~ that the signals in RX J0437.4—4711 and Ton S180 exceed
2.4 or greater, and a cooler phase with fpbgentered around 95% confid_ence with respect to power-law nqise, while 1H
0.3. The gas in both phases is outflowing at speeds of arourft19-577 is only 64% significant. These period values ap-
800 km s *. The main spectral signature of the cold phase i€a" unrelated to the length of the observation, which is simi-
the Unresolved Transition ArrayUTA) of M-shell iron, larin the three cases, but they do scale roughly as the lumi-
which is the deepest yet observed:; its depth requires eithdl0Sity of the object, which would be expected in a dynamical
that the abundance of iron, in the cold phase, is several ime¥e€nario if luminosity scales with black hole mass.

that of oxygen with respect to solar abundances, or that the Halpem, Gezari, and M. EracleoyBenn State U.are
absorption lines associated with this phase are highly satfontinuing their long-term spectroscopic monitoring of very

rated. The cold phase is associated with ionization states thBfo@d, double-peaked Balmer lines, which are found prefer-
would also absorb in the UV. entially in radio-loud AGNs. The profiles of these double-

Kinkhabwala, Sako, Kahn, Paerels, and collaborator®€aked lines are highly variable on time scales of months to
completed the analysis of the soft X-ray emission line specY&a's: & bgh_avior which can be exploite(_j to evaluate mo_dels
trum of the Seyfert 2 galaxy NGC 1068 observed with thefor their origin, and to_study the dynamics of the accretlon_
Reflection Grating Spectrometer ofMM-Newton The en-  Process in AGNSs. Their recent wprk Qemonstrates that vari-
tire discrete spectrum can be quantitatively modeled byRPility of the shapesof the emission lines must be due to
emission from an extended, low density emission line regior‘ﬁjyn""m'C"’1I motions, and cannot be explained by reverbera-

in photoionization equilibrium. A detailed study of the inten- 10N (light echg effects. They also rejected the binary broad-

sities of the strong resonance lines reveals that photoexcité{-n? reglon” hypothe5|s, gnd scenarios |r.1volvmg bloateq stars
tion, as well as recombination, is important for line forma- or “clouds” in randomly inclined Keplerian orbits. Possibly

tion, providing an additional constraint on flow velocities in cyclic behavior in several objects appears to favor dynamical

the emission line region. The global parameters of the emis2! Wave motions in the acc_retlon d'.Sk as the cause. A com-
arison study of the ultraviolet emission lines of some of

sion line region are consistent with those of the medium tha ) . )
is responsible for the rich soft X-ray absorption line spectrathese objects is under\_/vay W'tH.ST New exgmples of
observed in Seyfert 1 galaxies. double-p.eaked B_almer I|r_1e_s co_ntmue to be d|§covered. An

Paerels and Helfand, with graduate student Petric and ur?_xplangtlon of .th's assomatl_on in terms of the ion tofas
dergraduate Telis, completed the analysis of a dedicated veﬁfj vchon-dommated accretion fliowvas offered a decade
deep X-ray observation witlehandraof the bright, distant go, and continues to be atiractive.

(z=4.3) quasar QSO1508714. The objective was to ei- . Mukherjee, M. Botcher(Ohio University and A. Reimer
S s : University of Bochum worked on understanding the high
ther detect, or set a significant upper limit on, the density o#

intergalactic dust. Since the X-ray scattering cross section of 'cTdy emission from the BL Lac object W Comae, a blazar

dust particles scales with the fourth power of the particled(:“tectecl by=GRETand observed by ground-based TeV ex-

. . ) Periments. The spectral energy distribution of the source was
diameter, searches for X-ray scattering halos with curren : : : L
analyzed using various leptonic and hadronic jet models.

This source is a promising target for VHE gamma-ray and
co-ordinated broadband observations to distinguish between
leptonic and hadronic jet models for blazars.

of intergalactic dusfunique, because the X-ray scattering is
sensitive precisely to kinds of grey dust that would be unde
tectable by any other meandhe preliminary upper limit on
the dust density is an order of magnitude below a density that

could have significantly affected the evidence for an acceler>. SURVEYS

ated expansion of the Universe, due to extinction. The limit Gotthelf, along with collaborators D. Q. Wang and C. C.
is low enough that it may put constraints on the global dustang(U. Massachusettshave mapped the central °° of
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the Galaxy with theChandraX-ray Observatory. This is the VLA B-, C-, and D-configurations, have been combined with
first large-scale, high spatial resolution X-ray spectroscopisingle-dish data and used to construct high dynamic range
mapping of the Galactic center region and comprises 30mages. Detailed comparison with the MSX mid-IR images
X 12 ks overlapping rastered pointings. These data enable tiaf the plane at comparable resolution is proving invaluable in
clear separation of the point source and diffuse componentseparating thermal and non-thermal emission. In collabora-
of the Galactic emission. Wanef al. have published initial  tion with a group from the University of Leicester, they have
results of the “UMass/Columbia Galactic Center Chandrabegun mapping the same region with ti&IM-NewtonOb-
Survey,” and this rich data set will continue to be exploited servatory, providing a dramatic new view of stellar birth and
in coming years. death in the Galaxy.

Helfand and his principal collaborators R. Beck&rC Uglesich, Crotts and Baltz, plus a team of scientists at the
Davis) and R.L. White(STSc) completed observing for the Kapteyn Institute, Vatican Observatory, Adler Planetarium,
VLA FIRSTsurvey on September 1, 2002. The survey cov-Queens University and The Ohio State University have com-
ers over 9000 dégof the North Galactic caggand a small  pleted a microlensing survey of stars in the Andromeda Gal-
strip in the Southern capnapped to a sensitivity threshold axy, M31 (using the Vatican Advanced Technology Tele-
of 1 mJy at 20cm. Over 850,000 sources have been locatastope and our 1.3-meter telescope at MDM Observatory
with positional accuracies of better than The final catalog This survey indicates that gravitational microlensing is not
is in preparation; the #8>pixel image, and optical identifi- caused by the stars alone, but implies the presence of mas-
cation catalog, coverage maps, and a preliminary sourcgive, dark objects in the halo of M31, as found by a survey of
catalog are available at http://sundog.stsci.edu. our Galaxy's halo by another, larger research group, in a

Helfand and F. HarrisofCaltech have completed obser- conclusion that has heretofore been seen as somewhat con-
vations for their SEXSI survey which produces Serendipi-troversial and mysterious. The fact that M31 shows the same
tous Extragalactic X-ray Source ldentifications by targetingeffect argues against some hypotheses which avoid halo mi-
Chandramoderate to deep X-ray imaging observations. Thecrolensing masses in large numbers. In 2682a larger sur-
survey includes data from thirty fields representing 1.8 Msewey by many of the same investigators as well as Columbia
of observing time. Over 1200 X-ray sources have been depostdocs Alves and Cseresnjes will be completed. It will be
tected. The majority have optical counterparts, and spectraalmost ten times more sensitive and should be able to locate
scopic identifications(and classificationshave been ob- where in M31 these microlensing masses reside, what their
tained for over 380 sources. This work increases by an orddypical masses are, and provide clues to their likely origin.
of magnitude the number of hard X-rays sources identified inThese observations are being completed at MDM Observa-
the range %10 °<S[2-10keV]<5x10 % erg cm? tory, the Isaac Newton Telescope, and Kitt Peak National
s~ 1. Analysis of the luminosity functions and mean spectralObservatory, with additional data from the Subaru and
properties of various source classes comprising the X-raganada-France-Hawaii telescopes.
background is in progress. HubbleFellow Bureau and the SAURON team, a collabo-

Helfand and Glikman with theifIRSTcollaborators have ration with a core of 12 members, continued the develope-
constructed a complete sample of IR/radio-selected red quament and operation of the SAURON spectrograph, mounted
sar candidates witlR—K>4.0 andJ—K>1.7, where the on the William Herschel Telescop@VHT) in La Palma.
color selection criteria are based on their pilot survey ofSAURON is an integral-field spectrograflifS) using a len-
FIRSF2MASS matches lacking optical counterparts on theslet array; it has the largest field-of-view of any IFS with a
POSS-I survey. They have spectroscopic identifications fosimilar spectral resolution, has high throughput, and allows
more than fifty candidates, approximately half of which aresimultaneous sky subtraction. Its design is optimized for
extremely red quasars not represented in current quasar cagiudies of the stellar kinematics, gas kinematics, and line-
logs. The goal is to determine the total fraction of the quasastrength distributions of nearby early-type galaxies. Among
population missed in optical quasar surveys. In addition, theynany improvements, a new volume-phase holographic grat-
have begun a major effort to explore the quasar radio lumiing was installed. Extensive data reduction and analysis soft-
nosity function in order to settle definitively the issue of ware called XSAURON was also developed to obtain fully
whether or not a strict radio-loud/radio-quiet dichotomy ex-calibrated spectra and the associated kinematic and line-
ists. strength measurements. Dedicated algorithms were devel-

Helfand and Chang in collaboration with Refregier oped to separate accurately emission and absorption lines,
(Saclay passed a major milestone in their quest to extract aallowing the extraction of accurate emission-line intensities,
weak lensing signal on degree-scales fromREHRSTsurvey.  velocities, and absorption-line widths in the presence of
They have completed a shapelet analysis ~0800,000 strong emission. A pipeline called PALANTIR is currently
FIRSTsources by fitting to the uv data directly. Modeling of being developed to reduce the data in an automated fashion.
the systematic biases has also been successful. The final step,After three and a half years of observations, Bureau and
to extract the sheer measurement from these data, will bdhe SAURON team have completed a large survey of the
completed in the coming months. kinematics and stellar populations of early-type galaxies us-

Helfand, along with Becker and White, have completeding SAURON. A representative sample of 24 ellipticals, 24
the first installment of their sensitive, high-resolution radiolenticulars, and 24 spiral bulges were observed, all nearby
image of the Milky Way. Observations of a 1.5-degree-wideand equally divided between field and cluster objects. Two-
strip of the plane in the range 32%>19°, taken in the dimensional maps of the stellar kinematics, ionized gas dis-
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tribution and kinematics, and stellar line strength indicestent with their interpretation as tidal disruption events. NGC
were produced, making the SAURON survey unique in both6905, previously known as a starburst HIl galaxy due to its
scale, coverage, and homogeneity. The survey aims to detestrong emission lines, has in its inner 0.1 arcseconds a
mine the intrinsic shape of the galaxies, their orbital strucnucleus with narrow emission-line ratios consistent with a
ture, the mass-to-light ratio as a function of radius, the age&eyfert 2 galaxy. The weak Seyfert nucleus in NGC 5905,
and metallicity of the stellar populations, and the frequencywhich was masked by the many surrounding H Il regions in
of kinematically decoupled cores and nuclear black holesground-based spectra, raises questions about the nature of its
thus ultimately shedding light on the connection betweerx-ray flare, which could have been an outburst of a previ-
gas, stars, and the history of star formation in these systemgusly existing AGN.
Preliminary results illustrate the rich structure of early-type Rasmussen, Paerels, Kahn, and their colleagues at the
galaxies and include the discovery of a thin edge-on disk irspace Research Organization of the Netherlands discovered
the galaxy NGC3623, confirmation of the axisymmetricstrong absorption lines due to highly ionized Oxygen in the
shape of the central regions of M32, demonstration of &.ray spectra of bright, distant extragalactic sources. The
LINER nucleus and a surrounding counter-rotating starspectra of 3C273, PKS2155304, and Mkn 421, obtained
forming I’ing in NGC7742, and Suggestion of a uniform Stel'over several days of exposure each with the RGXbHM-
lar population in the decoupled core galaxy NGC5813.  Newton clearly show very significant resonance line absorp-
Bureau and the SAURON team are currently working ontion due to H- and He-like O at redshift zero. The features
the definition and calibration of the SAURON line strength gpserved in PKS2155304 may be marginally velocity-
indices and on a complete analysis of the stellar kinematicgesolved. The absorption features almost certainly arise in a
In particular, the structure and frequency of central stellafot medium pervading the Local Group, and a rough mea-
disks and kinematically decoupled cores are being investis,rement of the gas temperature from the Oxygen ionization
gated, to constrain the importance of mergers and dissipatiopg|ance (assuming collisional ionizationyields kT,~300
in the formation of early-type galaxies. Many individual gal- e fully consistent with the expected virial temperature of
axies have also been modeled by team members, usifge | ocal Group. Combining the measured absorbing column

Schwarzschild's orbit-superposition method. density with estimated line emission measures in emission
Scharf continued working with the WARPSVide Angle  jines due to the same iorfas measured for instance with the

ROSAT Pointed Surveycollaboration to detect high red- \yisconsin-GSFC microcalorimeter experimeprovides a
shift, X-ray clusters of galaxies with Ebeliriglawai), Jones  |oer limit on the scale sizéof order hundreds of kpcand
(Birmingham and PerlmanUMBC). Using a combination an upper limit on the densitjof order 104 cm~3) of the

of Keck spectroscopy and_ _Subaru infrared imaging, thedbsorbing medium. While providing strong evidence that
WARPS has this year identified several new clusters at reds, <t of the gas is in the form of a hot intragroup medium
shifts greater than 0.7, including the most massive, highesheqe estimates do not yet constrain the total gas mass very
redshift cluster of galaxies currently known, at redshift 1.01, o The gas is relatively cool, but still easily visible in

which also exhibi.ts strong gravitational lens features. Theg e o absorption lines. This raises the possibility that it
WARPS also obtained new X-ray data from Beandraand may be possible to find significant amounts of similarly cool

XMM observatories on 15 high redshift clusters. Scharf haaas in other poor groups using absorption spectroscopy.

worked on these data to determine X-ray gas temperaures Scharf and Mukherjee discovered the first robust evidence

a_mc_:l to constrain the high_—redshift evolutio_n_ of _clusters. PreTor y-rays emanating from halos around clusters of galaxies
liminary results provide independent verification of CMB_in the nearby Universe. Using a sophisticated statistical

and SNe measureme_nts of a low density cosmology dom'énalysis of nine years ofy-ray data from theCompton
nated by a cosmological constant.

Gamma-Ray Observatarithey detected a signature pre-
dicted by recent theories of the origin of extragalagticays.
6. GALAXIES & CLUSTERS OF GALAXIES The y-rays arise from the enormous flow of matter into the
A supermassive black hole will rip apart a star that straygravity wells of galaxy clusters, where huge shock waves
within its tidal radius, causing an Eddington-limited UV/X- form, accelerating electrons to near light-speed where they
ray flare for several months as the orbiting debris accretegan then convert microwave photons from the Big Bang into
While such events are predicted to occur once~ih0* yr higher energyy-ray photons. This detection provides an en-
per galaxy, an experiment was performed in 1990-91 thalirely new method to probe the physics of galaxy clusters as
sampled hundreds of thousands of galaxies in the ideal waveavell as the properties of intergalactic magnetic fields.
length band, i.e., th&OSATAII-Sky Survey. Several galax- Scharf led an investigation, with collaborators in the UK,
ies had unusual X-ray flares, but no evidence for nucleapf X-ray emission from one of the most distant, high-
activity in ground-based spectra. To establish beyond a reaedshift, and brightest sub-mm astrophysical sources known.
sonable doubt that these were tidal disruption events, Halgy obtaining very deeChandraX-ray data, Scharf has dis-
ern, Gezari, and collaborators obtained narrowks8fTspec-  covered that the source, also a powerful radio galaxy, has an
tra of three of these objects to search for weak, permanerxtended X-ray profile — unique in sources at this redshift.
Seyfert activity, the only possible alternative to the disrup-This object is likely a massive galaxy caught in its early
tion hypothesis. Two of the galaxies, RX J16247554 and  stages of formation, and probably the first building block of
RX J1242.6-1119, show no evidence for emission lines owhat will eventually become a massive cluster of galaxies.
non-stellar continuum in theidST nuclear spectra, consis- Scharf and his collaborators have begun a program of de-
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tailed study to confirm this scenario, and to determine thare analyzingHST STISdata of a representative sample of
origin of the extraordinary cloud of X-ray emission, which nearby radio galaxies. The goal is to derive the masses of the
may be the result of relativistic particles in the galaxy scatblack holes and to determine the physical conditions of the
tering the cosmic microwave background photons up taas surrounding the black hole.
X-ray energies. Following similar work using periodic orbit calculations
Scharf began development of a novel analysis method foand hydrodynamical simulations, Bureau and E. Athanas-
measuring the temperature of X-ray emitting gas in galaxysoula(Observatoire de Marseilldhave used N-body simula-
clusters which is optimized for very faint, low photon count tions of unstable disks to develop tools to identify bars in
sources. The method, XFILT, uses a likelihood-baseddge-on spiral galaxies kinematically and to constrain their
matched filter and can produce spatial maps of galaxy clusteriewing angles. This is necessary because bars in edge-on
temperatures as well as optimally detect emission from prospirals can not be identified reliably using morphological ar-
posed warm filamentary structure in the intergalactic meguments alone. Furthermore, because stars can move along
dium. This work also produced a template of optimal X-rayquasi-periodic and chaotic orbits, the previous models were
energy bands in which to detect galaxy clusters and groups awerly simplistic. The new diagnostics again rely on charac-
high redshift. teristic bar signatures in the observed position-velocity dia-
J. Hibbard(NRAO), van Gorkom, M. RupefNRAO) and  grams. Contrasting with an axisymmetric disk, the most im-
D. Schiminovich(Caltech assembled an HI Rogues Gallery, portant features are a double-peaked rotation curve, a rather
a collection of images of HI in weird galaxies and weird HI flat velocity dispersion peak with secondary maxima, and a
in otherwise normal galaxies. The atlas has appeared in th@auss-Hermitén; profile correlating withV. The latter ap-
proceedings of the conference on Gas and Galaxy Evolutiopears to be a telltale signature of triaxiality, whether figure
(ASP 240 and is also accessible on the web. It containsrotation is present or not. These diagnostics are a necessary
more than 180 systems. first step to studying the vertical and three-dimensional struc-
A VLA HI survey of galaxy clusters in the local universe ture of bars and, to a lesser extent, triaxial systems.
is being carried out by van Gorkom with H. Bravo-Alfaro ~ Chung and Bureau have measured the stellar kinematics
(Guanajuatp K. DwarakanathiNRAO & RRI, Bangalorg, of a large sample of boxy and peanut-shaf@PS bulges,
P. GuhathakurtdUCSQ), B. Poggianti(Padova, D. Schimi-  which represent about 45% of all edge-on spirals. Long-slit
novich (Caltech, M. Valluri (Chicagg, M. Verheijen(Pots-  spectra were obtained along the major axes of 30 galaxies,
dam), E. Wilcots (Wisconsin and A. Zabludoff(Arizona). 24 with B/PS bulges and 6 with more spheroidal morpholo-
Each cluster is imaged out to two Abell radii and the entiregies. The line-of-sight velocity distributions were derived
velocity range covered by the galaxies is searched for HI. Savith the Fourier Correlation QuotieffFCQ) method and pa-
far 3 clusters az=0.06 and 0.08 have been completed, arametrized with Gauss-Hermite polynomials. Applying the
fourth atz=0.03 is in progress. Combined VLA and GMRT bar diagnostics developed by Bureau and E. Athanassoula
data have been taken on A2192zat0.188 and already one (Observatoire de Marseillghar signatures were identified in
galaxy has been detected in HI at this redshift. Abramson25 galaxies. For virtually all galaxies with a B/PS bulge, the
Krohn and Sargent analyzed the HI content, star formatiomotation curve shows a double-hump feature with a dip or
rate, and merger rate in Abell 2670 as function of global andhlateau, and the dispersion is either peaked or flat at the
local density. The analysis shows that all the action takesenter, with secondary peaks present whérlattens out.
place in distinct galaxy groups that are falling into the clusterThese features are probably related to the bar strength and
for the first time. The merger rate seen near Abell 2670 ighe presence of an inner ring. The asymmetry paranteter
higher than the rate derived for clusters at intermediate  correlates withv in what appears to be the barred regions, as
Chung, van Gorkom, K. O’Nei[NAIC) and G. Bothun expected for non-axisymmetric disks. Unlike the expecta-
(U. Oregon imaged in HI a sample of low surface brightnesstions from simulations, howeveh; shows a strong anti-
galaxies that were found to deviate strongly from the Tully-correlation withV in the very center of most early-type gal-
Fisher relation based on Arecibo observations. Analysis ofxies. This indicates that these galaxies most likely contain
the VLA data and a further analysis of the Arecibo sampleinner stellar disks formed from gas accumulated at the center
shows that the Arecibo results were seriously affected byf the bars, and not taken into account by the N-body simu-
confusion. After correcting for this effect, there is no evi- lations. Chung and Bureau concluded that most spirals with a
dence in the O’Neil sample for deviations from the Tully- B/PS bulge are indeed an edge-on projection of a thick bar,
Fisher relation. as suggested by simulations, and that the skewness of the
Zamojski and van Gorkom with HibbafdNRAO) and J.  velocity profiles 3) is a useful tracer of asymmetries in
Stocke (Coloradg have searched the environment of adisks.
sample of nearby Ly absorbers for neutral hydrogen in  Together with G. AronicdRuhr-Universitat Bochumand
emission. The goal is to identify a possible parent populatiorE. Athanassoula(Observatoire de Marseille Bureau is
of HI emitters which are physically associated with the ab-studying the vertical structure of bars using K-band imaging
sorbers. The conclusion is that the nearby absorbers followf the same sample of boxy and peanut-shaped bulges stud-
the structure outlined by the luminous galaxies, but are noted with Chung. Unsharp-masking reveals embedded rings
clearly associated with individual galaxies. and truncated outer disks seen in projection, confirming that
Noel-Storr and van Gorkom with S. Baum, C. O’Dea, G.these bulges are bars seen edge-on. Fits to the vertical light
Verdoes-Klein(all STSc) and C.M. Carollo(ETH, Zurich distribution also show that the disk scale height varies con-
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siderably with radius, supporting formation through barable. These observations have now established beyond doubt
buckling. More detailed comparisons with N-body simula-that cooling flows are not simply passively radiatively cool-
tions are ongoing. ing volumes of gas, but that their thermodynamics must be
Bureau and F. Mass¢CE-Saclay carried out a detailed considerably more complex. The implications of this finding
study of NGC2915, a blue compact dwarf galaxy embeddedre currently fueling a vigorous debate on the physics of
in an extended, low surface brightness HI disk exhibiting acooling gas in clusters.
two-armed spiral structure and a central bar-like component. Paerels, Peterson, and collaborators completed the analy-
Commonly accepted mechanisms are unable to explain th&is of the X-ray emission line spectrum of M87. The emis-
existence of these patterns and disk dark mastealing with ~ sion line region is clearly spatially resolved, and the fact that
the HI distribution or a rotating triaxial dark halo were pro- the surface brightness distribution is very similar in ions with
posed as alternative solutions. To explore these mechanisnigidely separated ionization potentials indicates that the radi-
hydrodynamical simulations were run for each case and@ting gas has a multiphase thermal structure. The emission is
compared to observations using customized column densityell-modeled by an isothermal componentkdi,= 1.8 keV
and kinematic constraints. The spiral structure can be adh addition to a ‘truncatediin temperaturgcooling flow; the
counted for both by an unseen bar or triaxial halo, the formepProperties of the latter are very similar to those of the cooling
fitting the observations slightly better. However, the large baflows observed in the larger cooling flow spectroscopic sur-
mass or halo pattern frequency required make it unlikely tha¥®€y-
the spiral wave is driven by an external perturber. In particu- XU, Peterson, Kahn, Behar, Paerels, and collaborators
lar, the spin parametex is much higher than predicted by analyzed the X-ray emission line spectrum of the bright el-
current cold dark matter structure formation scenarios. ThéPtical galaxy NGC 4636. They detect the effect of reso-
massive disk models show that when the observed gas sufnce scattering of photons in the strongest2—3 emis-
face density is scaled up by a factor of about ten, the disgion line of Fe XVII, which measurably broadens the spatial
develops a spiral structure resembling closely that observe@Xtent of the galaxy in this line. The measured extent actu-
This is consistent with more limited studies in other galaxies?ly Provides an independent constraint on the amplitude of
and suggests that the disk of NGC2915 contains much mord'® random velocity field of the Fe XVII bearing gas, which
mass than is visible, tightly linked to the neutral hydrogen. AlUTNS out to be surprisingly dynamically "col¢fms velocity
classic(quasiyspherical halo is nevertheless still required, asSPread of order 60 kms, comparable to the linewidth ob-
increasing the disk mass further to fit the circular velocityS€ved in OVI withFUSB). A fully quantitative interpretation
curve would make the disk violently unstable. Scaling theo_f _the observed emission line strengths, which includes the
observed surface density profile by an order of magnituddinite angular extent of the source, and allows for tempera-
brings the disk and halo masses to comparable values withiy® and density gradients as well as taking into account ra-

the disk radius. The surface density remains under Kennidiative transfer in the strongest lines, has produced the first

cutt's star formation threshold for a gaseous disk and no staf@Pust estimate of the elemental abundances of the hot gas in

are expected to form, consistent with the observations. this elliptical. The observed abundance pattern is completely
With E.K. Verolme (Leiden Observatotyand collabora- inconsistent with expectations based on simple models for

tors, Bureau constructed self-consistent dynamical models 6Pe nucleosynthetic evolution of the ISM in ellipticals. And,

the nearby compact elliptical galaxy M32 using Schwarzs2> is the case with the cooling flow clusters, the observed

child’s orbit-superposition method. High-quality kinematic neeg-isoth_erma;ltﬂgture (;)_f the hot I?M i(;nplites_ ,;hat t?e ther-
measurements obtained with SAURON and HST/STIS werd0dyNamics ot this medium are not unders @it cooling

used. The group determined a best-fitting black hole mass Fnescale s very_sh@rtT_he absence of any evidence for
Me=(2.5+0.5)x 10° M, and a stellar I-band mass-to-light random bulk motion, which could reveal the presence of

ratio of (1.85+0.15) Mo /Lo . For the first time, the incli- bulk kinetic energy input, is all the more puzzling in this

nation along which M32 is observed was also constrained, tgontext.

i=70°x£5°. Assuming that M32 is indeed axisymmetric, the

averaged observed flattening of 0.73 then corresponds to ah INSTRUMENTATION DEVELOPMENT

intrinsic flattening of 0.68& 0.03. The phase-space distribu-  Aprile, Curioni, Giboni, Kobayashi and Ni worked on the

tion and intrinsic velocity structure of the best-fitting model Liquid Xenon Gamma-Ray Imaging TelescofeXeGRIT)

was also probed and the effect of regularization on the orbiproject. The main activity this year has been the analysis of

distribution investigated. the data gathered during the Fall 2000 Balloon Flight Cam-
Peterson, Kahn, Paerels, and collaborators completggaign in Ft. Sumner, NM. The two main goals of this analy-

their survey of the soft X-ray emission line spectra of bright,sis are: } a detailed study of the-ray and charged particle

compact cooling flow clusters. A total of fourteen cooling background measured for the first time in a liquid xenon

flows has been observed with the RGSXMM-Newtonand  detector at balloon altitude; and #maging studies of the

the qualitative properties of the discrete spectra are all simiCrab Nebula with this novel Compton telescope prototype. A

lar to the peculiar spectrum of the first bright cooling flow first result on the measured background rate in the LXeGRIT

observed with the RGSAbell 1835: emission from the instrument at balloon altitude was presented in August at the

lower ionization stages of the Fe L series is significantlySPIE 2002 conference. This study shows that the rate of

weaker than the predictions from an isobaric cooling flow; inbackground events is encouragingly low and quite well-

most cases, emission from the cooler gas is in fact undetectmnderstood, being consistent with the rate expected from
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Monte Carlo simulations of the known atmospheric and cosval Research Laboratory. The EIS spectrometer, which will
mic diffuse backgrounds. A more detailed study is in prepa-obtain high-resolution spectra and images of the solar co-
ration. Preliminary results on the imaging of the Crab wererona, comprises two multilayer-coated optics — a parabolic
also presented at the SPIE 2002 conference. They are stftbcusing mirror and an ion-etched concave grating. One half
studying the impact of event selections on signal/backgroundf each optic is coated with a short-band multilayer spanning
during the flight. Efforts are directed towards identifying the the range 176 210 A, and the other half with a long-band
selections which are the most favorable in order to obtain théltilayer spanning the range 25@90 A , in order to ob-
maximum statistical significance for the signal in the 3 serve a wide range of emission lines. Solar-B is scheduled
MeV energy band. This work includes careful studies of thefor launch in 2004.
events rejected in a first analysis, optimization of the Comp- Windt and his collaborators E.M. GulliksaitBNL ) and
ton sequence reconstruction algorithm and other analysis. Walton (LLNL ) have recently developed ultra-short pe-
software, all with the help of Monte Carlo simulations and riod multilayers designed for use at normal-incidence in the
improved background models for a likelihood imaging fange 15-30 A. These coatings could be used to construct
analysis. Both these sudies rely heavily on the careful califormal-incidence X-ray telescopes tuned to, e.g., the N VlI,
bration (energy resolution, imaging performance, detection® VIl or O VIII resonance lines in the soft X-ray band, and
efficiency of the instrument, which has been continuostWi” thus enable the eventual development of diffraction-
refined throughout the last year. Studies of detector upgradedinited soft X-ray telescopes having sub-mas resolution, and
most notably, a new light detection system based on comX-ray interferometers having sub—microarcseco'nd resolution.
pact, metal-channel PMTs operated at liquid xenon tempera- Windt, Donguy, Hailey, and Koglin, and their collabora-
ture, have also been part of our research effort this past yedPrs V. Honkimaki, E. Ziegler(ESRP, F.E. Christensen
Aprile, Baltz, Giboni, Kobayashi, Hailey, Hui and Ni, (DSRI), C.M.H. Chen, F.A. Harrlso((_:altech_, and W. C_ralg
with collaborators at Princeton, Brown, Rice and LLNL have (LLNL) have developed a new W/SIC multilayer coating de-
studied and proposed a new experiment for dark matte?igned for use at grazing-incidence in the hard X-ray band
WIMPs using liquid xenon as target. The experiment, callecfbove 100 keV. Thls coatmg,_ wh|ch_has sllgmﬁcantly greater
XENON, has been accepted by NSF for a two-year devebpp(_arformance relative to previously |nv§§t|gated mulylayers,
ment phase. will enable the development of a sensitive nuclear line tele-
Hailey and students Mori and Horgow a post-doc at SCoPe designed to observe key nuclear decay liees.,
Harvard have been working on novel methods to detect dario/CO — 122 keV, 56Ni — 158 ke\from young SNR as well
matter. One method, now a NASA-funded project, is to in-2S Poth core-collaps@ype Ib and Type lland Type la SNE.
directly detect the cosmic antideuterons produced in neu-
tralino annihilations. Antideuterons would be detected via
the X-ray signature they produce when they are captured into
a gas and produce excited antiatoms. 8. LABORATORY ASTROPHYSICS
Koglin, Windt, Chonko, Yu, Jimenez-Garat®IT) and Kahn and collaborators report measurements of emission
Hailey are constructing segmented glass optics for use on thghectra of iron in the extreme ultraviolet recorded at an elec-
High Energy Focusing Telescope balloon experimentron density of~5x 10'cm2 using the Lawrence Liver-
(HEFT). HEFT will provide arcminute images of the sky more electron beam ion trap, EBIT-II. They present a sum-
from 20-100 keV energy band. They are also investigatindmary of observed emission lines, including wavelengths and
segmented glass optics for use on entellation-XHard  emission intensities. They also illustrate their technique for
X-ray Telescope. isolating pure charge states of the desired ion, and present
Kahn, Rasmussen, and Paerels are involved in technologpectra of pure Fe VII -X. Their measurements add a large
development investigations for the Grating/CCD experimentumber of newly identified lines to existing line lists in the
on theConstellation-Xmission. Kahn is the Instrument Prod- extreme ultraviolet region, 60140 A. While many of these
uct Team(IPT) lead for this experiment, and Rasmussen islines are quite weak, they add up to a significant flux that can
the Deputy IPT lead. In addition, Kahn is a member of theseriously affect interpretations of global fitting models, espe-
Facility Science Team for the mission as a whole. In collabo<cially when applied to stars with material at the appropriate
ration with groups at MIT and the University of Colorado, temperatures, such as Procyon, Alpha Cen, and the Sun.
they have been involved in a wide range of technology in- Kahn and collaborators at LLNL and GSFC have mea-
vestigations for this experiment, including: the developmentured the intensity ratios of thes3-2p and 3d—eplines in
of thin, flat silicon substrates, the production of X-ray grat-Fe XVII on the Livermore electron beam ion trap, employing
ings via X-ray lithographic techniques, the development ofa complementary set of spectrometers, including a high-
event-driven CCDs, and the possible incorporation of off-resolution crystal spectrometer and the GSFC 32-pixel calo-
plane grating designs. In addition, they have coordinated aadimeter. The resulting laboratory data are in agreement with
tivities on this experiment with the project offices at GSFCsatellite measurements of the Sun and astrophysical sources
and SAO. in collisional equilibrium, such as Capella, Procyon, and
Windt is working on the development of multilayer X-ray NGC 4636. The results disagree with early laboratory mea-
optics. Optimized Mo/Si multilayer coatings, designed forsurements and assertions that processes not accounted for in
normal-incidence operation in the EUV, have been developethboratory measurement must play a role in the formation of
for the Solar-B/EIS instrument in collaboration with the Na- the Fe XVII spectra in solar and astrophysical plasmas.
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Kahn and collaborators at LLNL, GSFC, and Auburn Uni- line emission spectrum of the recombined ion. Saafiral.
versity present a comprehensidn=1 iron L-shell X-ray confirm that theoretical methods based on inverse-
line emission survey, measured using the electron beam igphotoionization calculation&.g., undamped R-matrix meth-
trap, EBIT-II, at LLNL, which was equipped with flat crystal ods will severely overestimate the strength of the DR pro-
spectrometers to measure the wavelengths of over 150 feaess unless the calculations include the effects of radiation
tures between 10.6 and 18 A. They present wavelengths, lindgamping. The team also finds that the coupling between the
identifications, and relative intensities of all of the significantDR and radiative recombinatiofRR) channels is small.
An=1 emission lines from Fe XVIII-XXIV at electron den- They have used their experimental and theoretical results to
sities of ~10%cm™2 resulting from direct electron impact produce Maxwellian-averaged rate coefficients oK =0
excitation from the ground state and the subsequent radiati@R of Fe XX. ForkT=1 eV, which includes the predicted
cascades. This data set includes2 times as many lines as formation temperatures for Fe XX in an optically thin, low-
are found in current standard line lists. density photoionized plasma with cosmic abundances, the

Kahn and collaborators at LLNL and GSFC report mea-experimental and theoretical results are in good agreement.
surements of emission cross sections of iron L-shel2  Savinet al. have also used their R-matrix results, topped off
lines in F&*" performed on the electron beam ion trap using AUTOSTRUCTURE for RR intd=25 levels, to cal-
EBIT-II using a combination of a crystal spectrometer andculate the rate coefficient for RR of Fe XX. Their RR results
the spare &6 element X-Ray Spectrometer microcalorim- are in good agreement with previously published calcula-
eter from theAstro-E X-ray satellite mission. Use of the tions.
microcalorimeter enables for the first time the normalization Savin and his collaborator J.M. Lamin§/RL) have in-
of line emission cross sections, i.e. the ratio of effective elecvestigated how the relative elemental abundances inferred
tron impact excitation cross sections that include radiativédrom the solar upper atmosphere are affected by uncertainties
cascades, to the well-established cross section of radiativia the dielectronic recombinatiofdR) rate coefficients used
electron capture. This provides the normalization of relativeo analyze the spectra. They find that the inferred relative
line intensity measurements using crystal spectrometers. abundances can be up to a factor~eb smaller or~1.6

Savin has calculated the rate coefficients for §(1 times larger than those inferred using the currently recom-
+H"=D"+H(1s) using recently published theoretical mended DR rate coefficients. They have also found a plau-
cross sections. He presented results for temperaiufesm  sible set of variations to the DR rate coefficients which im-
1 K to 2x10° K and provided fits to his data for use in prove the inferredand expectedisothermal nature of solar
plasma modeling. His calculations are in good agreementoronal observations at heights 50 arcsec off the solar
with previously published rate coefficients for23<300 limb. Their results can be used to help prioritize the enor-
K, which covers most of the limited range for which those mous amount of DR data needed for modeling solar and
results were given. His new rate coefficients 10100 K stellar upper atmospheres. Based on this work, their list of
are significantly larger than the values most commonly usedieeded rate coefficients for DR onto specific isoelectronic
for modeling the chemistry of the early universe and of mo-sequences reads, in decreasing order of importance, as fol-
lecular clouds. This may have important implications for thelows: O-like, C-like, Be-like, N-like, B-like, F-like, Li-like,
predicted HD abundance in these environments. Using hisle-like, and Ne-like. Their work will help to motivate and
results, Savin has modeled the ionization balance in higlprioritize future experimental and theoretical studies of DR.
redshift QSO absorbers. He finds that the new rate coeffi- Savin and his collaborators T.W. Gorczyd&\Vestern
cients decrease the inferred D/H ratio §0.4%. This is a Michigan) and N.R. Badnel{University of Strathclydehave
factor of =25 smaller than the curremt 10% uncertainties performed radiation-dampe®matrix scattering calculations
in QSO absorber D/H measurements. for the photorecombination of B& forming Fé%", signifi-

Savin, Behar, and Kahn and their collaborators G. Gwin-cantly improving upon earlier results for this ion. However,
ner, A.A. Saghiri, M. Schmitt, M. Grieser, R. Repnow, D. they have shown theoretically that &matrix methods are
Schwalm, and A. WolfiMPI for Nuclear Physics T. Bar-  unable to account accurately for the phenomena of radiative
tsch, A. Mller, and S. SchipperéUniv. of Giessely N.R.  decay following autoionization. For €, they have dem-
Badnell (Univ. of Strathclyde, M.H. Chen (LLNL), and onstrated numerically that this results in an overestimate of
T.W. Gorczyca(Western Michigahhave measured the reso- the DR cross section at the series limit. They have further
nance strengths and energies for dielectronic recombinatiocommented on the need for fine resonance resolution and the
(DR) of Fe XX forming Fe XIX viaN=2—-N'=2 (AN inclusion of radiation damping effects. Overall, slightly bet-
=0) core excitations. They have also calculated the DRer agreement with experiment is still found with the results
resonance strengths and energies using AUTOSTRUCTUREBf perturbative calculations, which are computationally more
HULLAC, MCDF, and R-matrix methods, four different efficient thanR-matrix calculations by more than two orders
state-of-the-art theoretical techniques. On average the theof magnitude.
retical resonance strengths agree to witkin0% with ex- Savin and Kahn and their collaborators J. Linkemann,
periment. However, thed standard deviation for the ratios A.A. Saghiri, M. Schmitt, M. Grieser, R. Repnow, D.
of the theoretical-to-experimental resonance strengths iSchwalm, and A. Wolf(MPI for Nuclear Physics T. Bar-
=30% which is significantly larger than the estimated rela-tsch, A. Muler, and S. Schipper§ustus-Liebig-University
tive experimental uncertainty o£10%. This suggests that M.H. Chen (LLNL), N.R. Badnell (University of Strath-
similar errors exist in the calculated level populations andclyde), and T.W. Gorczyca and O. ZatsarinriyVestern
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Michigan) have measured resonance strengths and energi@ens. For this purpose, a new model of the kinetic equation
for dielectronic recombinatiofDR) of Fe XIX forming Fe  has been formulated and its consequences are being ex-
XVIII via N=2—N’'=2 and N=2—N'=3 core excita- plored.

tions. All measurements were carried out using the heavy-ion Yecko and S. ZaleskiParis VI have continued work on
Test Storage Ring at the Max Planck Institute for Nuclearinstability in two-phase fluids with interfacial forces. Tempo-
Physics in Heidelberg, Germany. They have also calculatethl instability theory is complete and attention has now
these resonance strengths and energies using two indepeshifted to spatial theory and to transient amplification, where
dent, state-of-the-art techniques: the perturbative Multicontarge amplitude growth has been found for high spanwise
figuration Breit-Paul(MCBP) and Multiconfiguration Dirac- wavenumber modes of the type associated with streamwise
Fock (MCDF) methods. Overall, reasonable agreement isstreaks and vortices in boundary layer flows. Transient
found between our experimental results and theoretical cagrowth calculations have not previously been attempted for
culations. The most notable discrepancies are for #18'3  this problem though there is observational evidence for un-
resonances. The calculated MCBP and MCDF resonancstable modes of this character. A campaign of direct numeri-
strengths for thev=3 complex lie, respectively=47% and  cal simulations of two-phase shear layers has also been per-
~31% above the measured values. These discrepancies dmed and has shown that viscosity controls the length scale
larger than the estimatest20% total experimental uncer- of primary breakup of the interface in flows of high Rey-
tainty in their measurements. They have used their measurefblds and Weber numbers. All previous theories have ne-
2—2 and 2-3 results to produce a Maxwellian-averagedglected the role of viscosity though it is known to be impor-
rate coefficient for DR of Fe XIX. Their experimentally- tant from experimental data.

derived rate coefficient is estimated to be good to better than Yecko has completed a study of the behavior of three-
~20% forkgTo=1 eV. Fe XIX is predicted to form in pho- dimensional disturbances in rotating boundary layer flows of
toionized and collisionally ionized cosmic plasmaskaT.  the Blasius and suction form. Maximum transient amplifica-
>1 eV. Hence, their rate coefficient is suitable for use intion factors and growth rates have been calculated for weak
ionization balance calculations of these plasmas. Previoushptation in both cases, showin@) a tendency for modes of
published theoretical DR rate coefficients are in poor agreerge transient amplification without rotation to be converted
ment with their experimental results. None of these pub4y the rotation to strongly eigenvalue unstable modes; and
lished calculations reliably reproduces the magnitude or temiy) the essential role of the cross-stream, or non-parallel,
perature dependence of the experimentally-derived ratgase flow component — without this, in the exact parallel
coefficient. Their MCBP and MCDF results agree with the 3pproximation, artificial instability regions are found. Also of

experimental rate coefficient to withir20%. note is that the influence of rotation is opposite in this fully
viscous calculation to that found in inviscid theory. Future
9. THEORETICAL ASTROPHYSICS application of this study will be made to star-accretion disk

Spiegel's main concern in the past year has been with thBoundary layers. . o
dynamics of rarefied gases. The degree of rarefaction is in- Windt has investigated theoretically the feasibility of de-
dicated by the Knudsen number defined as the ratio of tec_:tlng needlt_a-llke dust grains, possibly present at large red-
particle mean free path over a characteristic macroscopighifts, by their X-ray halos. The presence of such dust has
scale in the dynamics of the gas. For a sound waves peen proposed as an alternatlvg hypoth_ess to the interpreta-
equivalent to the ratio of the period of the wave to the mearfion of the apparent systematic dimming of high-redshift
flight time of the constituent particles. As reported last year,YP€ 12 SNE as evidence of accelation in the cosmological
both the structure of shock waves and the propagation spedgPansion of the universe. He finds that the X-ray halos pro-
of sound waves at higl could be well predictedas judged duced by_ cosmological dust would be too faint to be ob-
by experimentsif a suitable modification of the standard Served with current X-ray telescopes.
Chapman-Enskog procedure is made. The result is a modifi- Ruderman worked on the following topids) “Propeller
cation of the Navier-Stokes equations, which fare less weleffect” spin-down of “magnetospheres(with Mori). One
than the new theory. On the other hand, no continuum theorgesult is that canonicaly defined spin-down agé¥2pP)
has as yet been successful at predicting the dissipation rat@ggnp to the times remaining before such spin-down is com-
of sound waves afarge Knudsen numbers such as one en-pleted (~ 10°yr) a soon as propeller driven spin-down begns.
counters in astrophysical gases and stellar systems. Application will be made to RXJ 1856.6 as one among sev-

In an attempt to improve on the present theories, Spiege#ral such observed neutron star candida®sExpectede™
and J.-L. Thiffeaul{Applied Physics and Applied Mathemat- production in the closed mgnetospheres of pulsars with spin-
ics, Columbia have taken the new approach to second ordedown powers=10*%rgs !, and how synchortron radiation
in e. The outcome is a modification of the Burnett equationsfrom these pairs relates to observed low energy power law
familiar in kinetic theory, and the new theory does well atcomponent X-rays from such pulséB) Cyclotron resonance
predicting the dissipation foe<1, but does not give a good X-ray backscattering by such pairs of the thermal X-rays
description of the dissipation at large The calculations for from the pulsar surfaces and its consequences for interpreting
the second order theofgiven in a paper now in preparatiopn ROSAT Chandrg and XMM-Newtonobservations(4) Inter-
are heavy and it is not intended to go to beyond second ordepretaiton of the observed very large changes in the Crab
Rather, it now seems preferable to take a hybrid approacpulsar’s sub-pulse positions, number, and polarization at fre-
mixing features of the microscopic and macroscopic descripguencies above 4 GHz as echoes from cyclotron resonance
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scattering by  outer-magnetosphere  protons and Prototype: Current Status and Future Prospects,” Proceed-
alpha-particles(with J. Cordeg (5) Effect on thermal X-ray ings SPIE, Conf. Vol. 4851 - 140.

and optical emission of the liquid metéalith very aniso-  Curioni A., et al. 2002, “On the Background Rate in the
tropic properties expected to form the surface of a spun- LXeGRIT Instrument during the 2000 Balloon Flight,”
down magnetars with surfadg~10'°G. Proceedings SPIE, Conf. Vol. 4851 - 151.

Easther has focussed on inflation and the cosmologicahprile E., et al. 2002, “XENON: A 1 Tonne Liquid Xenon
implications of string theory. In collaboration with B. Greene  Experiment For a Sensitive Dark Matter Search,” in Proc.
(Columbia Math Dep}, Kinney and G. ShiyWisconsin, he of the International Workshop on Techniques and Appli-
has worked on the possibility that string theory and/or quan- cations of Xenon Detector§<enon03, Tokyo, astro-ph/
tum gravity may make subtle modifications to the standard 0012276.
inflationary predictions for the CMB spectrum. With Greene Asztalos, S.J., Gondolo, P., Kinney, W.H., & Schnee, R.W.
and Mark Jackson, he has examined the role of winding 2001, “Dark Matter and Relic Particles,” in Proceedings
strings(fundamental strings that completely wrap a compact of Snowmass 2001, Snowmass, CO, in press.
direction of the primordial univergen determining the ef- Bacon, R,, Copin, Y., Monnet, G., Miller, B.W., Allington-
fective dimensionality of spacetime. Kinney, as a single au- smjth, J.R., Bureau, M., Carollo, C.M., Davies, R.L., Em-
thor and in collaboration with Richard Easther, has begun an sellem, E., Kuntschner, H., Peletier, R.F., Verolme, E.K.,
investigation of the “flow equation” formalism for inflation. & de Zeeuw, P.T. 2001, “The SAURON Project. |. The
Kinney and Easther have used this idea to develop Monte panoramic Integral-Field Spectrograph,” MNRAS, 326,
Carlo Reconstruction, a novel method for inverting observa- o3

tional constraints to learn about the physics responsible fogg|celis, M., van Gorkom, J.H., Sancisi, R. & del Burgos, C.
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