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As in the past, the Astronomy Department at
UW-Madison has been active in a wide range of ob-
servational and theoretical research programs. We
are playing a major role in the Southern African
Large Telescope (SALT) consortium that is con-
structing a 10-meter optical telescope located at the
Southern African Astronomical Observatory site in
Sutherland, South Africa. Our efforts are described
in §6 below.

Another major thrust of the department comes
from the award of one of the six Legacy Science
programs of the Space Infrared Telescope Facil-
ity (SIRTF), an 0.85-m telescope in solar orbit,
to be launched in late 2002 or early 2003. The
UW project, called GLIMPSE (Galactic Legacy In-

frared Mid-Plane Survey Extraordinaire), has Church-

well as Pl with a team of 15 scientists from 7 insti-
tutions. It will be responsible for imaging the inner
2/3 of the Galactic plane with a spatial resolution
of ~ 2”, down to the confusion limit, with images
in the 3-8 um region. The survey will require 400
hours of telescope time.

1 Personnel

Dr. Amy Barger assumed her position as As-
sistant Professor in August 2001. Previously she
was the Hubble Fellow/Chandra Fellow at Large at
the Institute of Astronomy, University of Hawaii.
She is the recipient of the 2001 Annie Jump Can-
non Award of the AAS for her contributions to as-
tronomy.

In June, Prof. Linda Sparke became Chair,
succeeding Anderson. Other faculty are Profes-
sors Cassinelli, Churchwell, Gallagher, Hoessel,
Mathieu, Nordsieck, Reynolds, and Savage, Asso-
ciate Professors Bershady and Wilcots (promoted
to the rank during the year), and Assistant Profes-
sors Barger and Lazarian. Bless and Mathis are
Professors Emeriti residing in Madison.

Percival is Scientist and Associate Director of
the Space Astronomy Laboratory as well as Project

Manager for the Prime Focus Imaging Spectro-
graph on SALT. Harris and Wakker are Associate
Scientists.

Dr. Eric Burgh joined the staff as Assistant
Scientist after completing his graduate work at the
Johns Hopkins University. He will work with Nord-
sieck as the Instrument Scientist for the Prime Fo-
cus Imaging Spectrograph for the SALT. Dr. Marc
Verheijen arrived in March after a 3 month stay
in Bangalore, India, from the NRAO in Socorro
where he held a Jansky Fellowship. He will work
with Bershady on galaxy kinematics with the new
SparsePak instrument on WIYN and with Wilcots
on the evolution of the gas content in galaxy clus-
ters using the VLA and the Giant Meter Radio Tele-
scope (in India). In September 2001, Dr. Remy
Indebetouw joined the staff as Assistant Scientist
to work with the SIRTF Legacy team GLIMPSE
(Churchwell, PI; see below). His primary respon-
sibilities will be to lead the effort to plan early
observations to validate the GLIMPSE observing
strategy and to establish data validation criteria
and implement them as data arrive. Other Assis-
tant Scientists are Drs. Sidney Barnes (McKinney
Assistant Scientist), Jungyeon Cho, Matt Haffner,
Henry “Chip” Kobulnicky, Mark Quigley (who in
September, 2001, accepted another position at UW),
and Philipp Richter. M. Orio is Visiting Associate
Scientist. Dr. James Lattis served as Lecturer dur-
ing the academic year. Kobulnicky finished his
Hubble Fellowship and joined the GLIMPSE and
SALT Prime Focus Imaging Spectrograph teams
(Churchwell and Nordsieck, resp., PIs), and was
awarded a 5-year NASA Long-Term Space Astro-
physics (LTSA) grant to study how matter lost in
galactic winds from starforming drives galaxy evo-
lution.

Many scientists visited during the year, includ-
ing Prof. David Meyer (Northwestern), who spent
his sabbatical year in residence. David James, a
post-doctoral fellow from St Andrews, Scotland,



visited Mathieu’s WI'YN Open Cluster Study group
from March-September.

Four students received the PhD degree. Dr.
Chris Conselice (Gallagher, supervisor) worked on
the kinematics and evolution of dwarf elliptical
galaxies in the Virgo Cluster. He is now at CalTech.
Dr. Birgit Otte, now at JHU, investigated emission
line ratios in edge-on spiral galaxies (Reynolds, su-
pervisor). Dr. D. J. Pisano, now NSF Fellow at
CSIRO Australia Telescope National Facility, had
a thesis entitled “The Formation and Evolution of
Isolated Galaxies” (Wilcots, supervisor). He began
an NSF International Fellowship at the Australia
Telescope National Facility. D. Andersen (Penn
State CIC exchange student, in residence at UW;
Bershady, supervisor) worked on spectroscopy of
nearly face-on disks. He is now at the Max-Planck-
Institut fir Astronomie (Heidelberg).

Churchwell continued to serve on the Visitors
Committee for Arecibo Observatory, besides being
Pl of the SIRTF Galactic Legacy Science program
GLIMPSE. Gallagher continued as Chair of the In-
ternational Board of the Gemini Observatory. He
was appointed as Director of the Astronomy and
Astrophysics Antarctic Research Institute; this or-
ganization provides organization and oversight for
various research University of Wisconsin-Madison
polar research programs, including the currently
operating AMANDA and planned IceCube high
energy neutrino observatories.

Mathieu was President of the WIYN Board of
Directors as well as Associate Director, National
Institute of Science Education. He continued as Di-
rector of the College Level 1 Institute within NISE.
All of the CL-1 products are at
www.wcer.wisc.edu/nise/cl1/.

Savage continued as a member of the Space
Telescope Institute Council and the AAS Nomina-
tions Committee.

Percival continued his participation in the I1AU
Working Group on Astronomical Standard’s initia-
tive called SOFA: “Standards of Fundamental As-
tronomy.” The goal of this effort is to produce a set
of basic software that implement commonly-used
formulae and standard models in fundamental as-
tronomy.

Wilcots served on the National Radio Astron-
omy Observatory’s Users Committee, the NRAQO’s
Program Advisory Committee, the AAS Commit-

tee on Employment, and chaired the WIYN Sci-
entific Advisory Committee. Wilcots continues to
direct the Universe in the Park program which fin-
ished its sixth successful season in 2001. The pro-
gram visited 29 different state parks throughout
Wisconsin and held 47 sessions from May to Oc-
tober. Both of these are new records. Estimates
are that that nearly 3000 people participated in Uni-
verse in the Park this season. Wilcots also directs
the department’s efforts towards the ancillary ben-
efits associated with the SALT telescope project.
The monograph “Galaxies in the Universe: an
Introduction”, by Sparke and Gallagher, was pub-
lished by Cambridge University Press in October
2000. This advanced undergraduate text provides a
modern perspective on observational and theoreti-
cal aspects of galaxies, as well as their development
within our expanding Universe. Errata are listed at
www.astro.wisc.edu/ sparke/book.

2 The Solar System

Reynolds, Haffner, and colleagues from UW
Physics and elsewhere carried out a study of Ha
emission from the earth’s geocorona using spec-
tra collected during the Wisconsin H-alpha Mapper
(WHAM) sky survey. They concluded that con-
tinued observations with WHAM could be used to
monitor changes in the earth’s global methane pro-
duction, a primary greenhouse warming gas.

Reynolds, Anderson, Harris, and colleagues
from Physics and elsewhere obtained WHAM and
also WI'YN observations of comet Hale-Bopp (C/1995
O1) in the A6300 [O 1] lines and estimated the rate
of production of water molecules from the nucleus.

3 Stars, Outflows, and Galactic Structure

Anderson, Harris, and Scherb (UW Physics)
continue their program of observations of solar sys-
tem objects. The electron density diagnostic [S I1]
A6717, 6731 has been extensively mapped in the
Jupiter/lo torus using the WIYN Densepak, pro-
viding simultaneous measures of intensity, veloc-
ity, and line ratio (density). Such comets as become
available, e.g. Linear WM-1, are also on the pro-
gram.

Anderson and Glinski (Tenn. Tech) used the
WIYN Densepak to obtain moderate resolution spec-
tra of the emission features near 5800A in the Red



Rectangle Nebula surrounding HD 44179. The re-
sults suggest that the currently popular idea that
these bands are the same as the diffuse interstel-
lar bands in the same general wavelength range is
not correct.

Cassinelli and student Miller have analyzed the
high-resolution Chandra X-ray spectra of the hot
stars ¢ Puppis (O4f) and 6 Orionis (09.5 & B0.5
I11), collaborating with MacFarlane (Prism Compu-
tational Sciences), Waldron (Emergent Information
Technologies), and Cohen (Swarthmore). Cassinelli
has also worked with Waldron in interpreting the
Chandra high resolution spectrum of ¢ Ori (09.5
la). They used forbidden, intercombination, and
resonance lines of helium-like ions as diagnos-
tics of the radial distribution of the various ions.
The Doppler-broadened emission line profiles re-
veal the temperature structure of the gas. The X-ray
line spectra differ in several ways from predictions.
There seems to be an extra source of X-rays arising
from the base, possibly located in magnetic loop
structures.

Cassinelli, Nordsieck, and R. Ignace (U. lowa)
have continued their work using the UV Hanle ef-
fect as a diagnostic of magnetic fields in hot stars.
They should be able to detect fields of less than
100 Gauss using high resolution polarization ob-
servations of strong UV lines in the winds. Ig-
nace, Cassinelli, Quigley and Babler studied the
Infrared Space Observatory spectra of Wolf Rayet
stars, especially the velocity laws and filling fac-
tor in the winds. The IR continuum of these stars
is formed in the wind. The dominant continuum
opacity, free-free absorption, increases with wave-
length, so optical depth unity, and thus the radius of
the line formation, moves outward with increasing
wavelength. Because recombination lines of He
Il have larger widths, the velocity law can be ob-
tained. They estimate that the filling factor is about
only 1/50.

Mathieu and colleagues Barnes, Dolan, and
Meibom continued acquiring high-precision stel-
lar radial velocities with the WIYN telescope and
Multi-Object Spectrograph. As part of the WIYN
Open Cluster Study (WOCS), they have obtained
5612 velocity measurements of 511 stars in NGC
188, 4097 measurements of 1116 stars in M35,
2021 measurements of 354 stars in NGC 2264, and
3694 measurements of 940 stars in NGC 6819. Ad-

ditional spectroscopic binary orbits are steadily be-
ing found in each cluster, with orbital solutions
for nearly 70 binaries in NGC 188, the most ex-
tensively observed. As a post-doctoral scientist,
Dolan developed and commissioned a java-based
database allowing flexible access to all WOCS data.

Mathieu, Carr (NRL), and Najita (NOAO) con-
tinued a program at the Keck Observatory of high-
resolution near-infrared spectroscopy (CO funda-
mental and overtone transitions) in order to explore
the circumstellar gas in both young binaries and
single stars. The CO transitions are extremely sen-
sitive tracers of disk gas. In order to study the
history of disk dispersal to later stellar ages, they
have expanded their program from binaries to sin-
gle stars.

Mathieu, Rhode ('Yale), and Herbst (Wesleyan)
completed their v sin 4 study of low-mass Trapez-
ium stars. They found strong evidence that the pe-
riod light variations of T Tauri stars are caused by
spot modulation as the star rotates. There were no
significant differences in the v sin¢ distributions of
the periodic and control samples, indicating that
there are no evident biases in the periodic sample.
Surprisingly, for stars with known period the mean
value of sini is significantly lower than expected
for a random distribution of stellar rotation axes.
They find evidence at the 3o level that the radii of
stars on similar mass tracks are decreasing as the
stars move closer to the ZAMS.

Stassun and Mathieu continued their study of
pre-main-sequence (PMS) eclipsing binary stars to
derive empirical masses, to be used to test and
calibrate PMS stellar evolution models. Multi-
band photometric monitoring of several eclipsing
binary candidates in the Orion star-forming regions
was carried out with the CTIO 0.9-m, and spec-
troscopic monitoring with WIYN and the Hobby
Eberly Telescope high-resolution spectrograph. They
also continued their survey of PMS spectroscopic
binary stars in Orion with the WIYN multi-object
spectrograph. The aim of this program is to char-
acterize the frequency of close binary systems and
to study the relationship between binarity and early
stellar angular momentum evolution.

Barnes has continued to work on stellar evo-
lution, with an emphasis on the rotational evolu-
tion of stars. He assisted colleagues in complet-
ing and publishing the newest version of the Yale



Isochrones. These include the latest physics and
begin at the stellar birthline, facilitating compari-
son with very young clusters. He investigated the
rotational consequences of disk- locking of young
stars and the rotation rates of the host stars of extra-
solar planets.

Stassun, M. van den Berg (Utrecht), Mathieu,
and F. Verbunt (Utrecht) completed their studies of
the photometric variability of stars in the old open
cluster M67. Photometric variability in the cluster
occurs in only 3% of the nearly 1000 stars studied
and is strongly correlated with binarity. They dis-
covered a contact binary (W UMa) system, bring-
ing the total known to four. This work also led to
a detailed study of the blue straggler triple system
S 1082.

James (St. Andrews, but in residence at Madi-
son), working with Mathieu and Barnes, focussed
on the M7 and M34 open clusters. These two clus-
ters are especially important because of their inter-
mediate ages (about 250 Myr) and differing metal-
licities. These clusters will define the angular mo-
mentum evolution on the main-sequence at ages
in between those of the well-studied Pleiades (100
Myr) and Hyades (600 — 700 Myr) clusters, and
will begin to characterize cluster-to-cluster differ-
ences for coeval systems. James reduced and an-
alyzed an M7 BVIc photometric dataset over the
central 1 degree of the cluster. A subset of photo-
metric members lying close to the nominal main se-
quence were observed at WIYN. The resultant ra-
dial velocities, the existing spectral type data, and
the BVIc photometry will allow the WOCS team
to construct a catalogue of cluster members for
follow-up spectroscopy for Li abundances and pho-
tometric monitoring studies. James also analyzed a
large data set of differential photometry for rotation
period determinations in the M34 cluster. Barnes
and James are in the process of constructing light
curves for M34 photometric members.

Stassun and Mathieu received a Chandra ar-
chival research grant with M. Barsony (Space Sci-
ence Institute) and G. Basri (UC Berkeley) to study
the rotation-activity connection among low-mass
PMS stars in Orion.

Stassun, with Wood (St. Andrews) and Whit-
ney (Space Science Institute), studied the photo-

metric variability of the embedded young star HH30.

A tentative period in the scattered light curve in-

dicates extremely slow rotation of the central star.
HST archival observations of HH30 are being mod-
eled via Monte Carlo radiative transfer codes to
study magnetically channeled accretion of circum-
stellar disk material onto the central star. Stassun
and Whitney continued their HST archival research
project to model the 3-D scattered light morpholo-
gies of protostars in the Taurus molecular cloud.
Hoffman, Nordsieck, and Whitney continue to
investigate the characteristics of their Monte Carlo
radiative transfer model for binary star-disk sys-
tems and its use in reproducing the observed flux
and polarization curves of 5 Lyrae. Recent im-
provements include the use of ellipsoidal volumes
to represent Roche-lobe-filling stars. Hoffman and
Nordsieck have analyzed their polarimetric obser-
vations, taken with HPOL at WIYN, of the PMS
binary stars BM Ori and MWC 1080. They es-
timate the contribution from interstellar polariza-
tion and the behavior of the intrinsic polarization
for each. They collaborated with J. Meyer (under-
grad) on a spectropolarimetric study of the peculiar
B[e] star MWC 349A. Observations with HPOL at
WIYN confirm previous estimates of the orienta-
tion of a circumstellar disk in the system, and sug-
gest that a nearby star is not a companion as pre-
viously thought. These results lend support to the
classification of MWC 349A as a PMS BJe] star.
Orio, with colleagues, is studying pointed XMM-
Newton observations for Nova LMC 1995 (a super-
soft X-ray source and a candidate type la supernova
progenitor) and the behavior of post-outburst no-
vae observed with Chandra. She is using ROSAT
archival data, supplemented with data of Einstein,
ASCA, Chandra and XMM-Newton, to study the
long term variability in intensity and spectrum of
X-ray sources, especially cataclysmic variables and
low mass X-ray binaries. The sample includes
many unidentified sources with interesting varia-
tions on time scales of days, months and years.
Orio is also considering the long term behavior
of classical novae at quiescence, in order to clar-
ify several aspects of the secular evolution of these
objects. There is an ongoing program of optical
identification and monitoring of Low Mass X-Ray
Binaries and cataclysmic variables that are X-ray
sources. This program is carried on with ESO tele-
scopes and mainly with the WI'YN telescope. Some
of the supersoft sources have huge asymmetric ion-



ization nebulae around them. These nebulae can be
detected at WIYN.

4  The Interstellar Medium (ISM)

The Wisconsin H-alpha Mapper (WHAM)
Northern Sky Survey total intensity map (Reynolds,
Pl) has been made available to the community
at the web site http://www.astro.wisc.edu/wham/.
The survey provides the first view of the large scale
distribution and kinematics of the diffuse interstel-
lar Ha north of declination —30°.

Churchwell, with Bieging (U. Ariz), Pankonin
(NSF), and student Watson, continued to try to de-
tect and determine the properties of precursors of
Ultracompact HII regions using CH,CN line emis-
sion. A survey of over 20 known massive star for-
mation regions using the Sub-Millimeter Observa-
tory on Mt. Graham has revealed compact and ap-
parently optically thick CH,CN emission toward a
large fraction of the sample surveyed. The BIMA
and OVRO arrays will provide higher resolution in-
terferometric observations.

Hollis (GSFC) and Churchwell used previously
published molecular line data from the Orion and
Sgr B2 molecular clouds to show that the forma-
tion of complex interstellar molecules is consistent
with formation from chemical groups such as OH,
CH, CHl,, CHs;, CN, NH,, and HCO that were ini-
tially formed on grain surfaces and subsequently
released into the interstellar medium.

In an effort to resolve the distance ambiguities
of ultracompact HII regions in the inner Galaxy,
Churchwell (with Araya and Hofner, U. Puerto
Rico, and Kurtz, UNAM) used the Arecibo 300m
telescope to measure the H110« line in emission
and the 6 cm H,CO line toward 21 ultracompact
HII regions. The H,CO line was observed in ab-
sorption against the HII regions, and the near/far
distance ambiguity was resolved. The success of
this pilot program has prompted proposing a much
more extensive survey to resolve the distances to
all detectable massive star formation regions in the
inner Galaxy with the the GBT and Arecibo tele-
scopes. One motivation for these surveys is to pre-
pare for the SIRTF/GLIMPSE imaging survey of
the inner Galactic plane.

Student Marta Sewilo, working with Church-
well, is measuring the angular expansion rates of

G5.89 and G34.26 using VLA continuum images
obtained over a 10 year period. She will also be
heavily involved in the determination of kinematic
distances of ultracompact HII regions using the
GBT and Arecibo. C. Watson’s thesis topic will
be the outflows associated with massive star for-
mation, especially the origin of the large masses in
the outflows. He has played a key role in writing
an automated observing command program for the
SIRTF Legacy project.

Lazarian, Cho, and students Yan and Esquivel
investigated properties and consequencies of the
ISM turbulence from theoretical, numerical, and
observational points of view. They cooperated with
E. Vishniac (JHU) in theoretical studies of MHD
turbulence and obtained new results on turbulence
cascade in partially ionized gas, on coupling of dif-
ferent MHD modes, on cosmic ray scattering, and
on acceleration of cosmic rays. Lazarian contin-
ued work with Pogosyan (Univ. Edmonton) on ob-
taining velocity and density statistics of turbulence
from observational data, concentrating on the ef-
fects of absorption. This work will open a new av-
enue for dealing with turbulence not only in HI, but
also in CO and other molecular species for which
absorption is important. The application of ear-
lier results to the Small Magellanic Cloud HI (with
S. Stanimirovic, Arecibo) revealed a Kolmogorov-
type cascade from size of the whole galaxy down
to the resolution limit. With De Gouveia Dal Pino
(Univ. Sao Paolo), Lazarian obtained constraints
on the acceleration of ultra high energy cosmic rays
during reconnection events. With French collabo-
rators, he worked on the statistics of starlight polar-
ization, important for CMB studies.

Reynolds, Haffner, Hausen, and Tufte used
WHAM to characterize the kinematics and emis-
sion measure of the diffuse ionized gas toward the
Lockman Window (an area of low H | emission)
and toward the high latitude O star HD 93521.
They found that the ionized gas is kinematically as-
sociated with the H I, but that the H 11 and the H |
toward HD 93521 do not appear to be mixed into
partially ionized clouds, as had been suggested by
Spitzer and Fitzpatrick. With Sterling, they used
WHAM to detect for the first time the temperature
sensitive [N 11] A5755 in the diffuse ISM. Their ob-
servations indicate that the electron temperature of
low density ionized gas is 2000 K higher than that



in the higher density, classical H Il regions. This
has provided additional support for the presence of
a supplemental heating source within the low den-
sity gas. The WHAM sky survey data found evi-
dence for an enormous superbubble that appears to
have blown out into the halo above the Cas OB6
association in the Perseus arm. This finding has
provided support for the idea that at least some of
the ionizing radiation from O stars is able to travel
long distances through the Galactic disk via large
cavities that are devoid of H I. The WHAM sky
survey created the first Ho map of a high latitude
intermediate velocity cloud, the “K Complex”. The
ionized gas traces the H | quite well spatially and
kinematically over the 600 square degree complex.

Savage, Wakker, Sembach (STSCI), Richter,
Meade, and other members of the FUSE science
team have nearly completed their survey of O VI
absorption in the Milky Way halo seen toward 85
extragalactic objects. High velocity O VI absorp-
tion is detected along 65% of the lines of sight, at
both positive and negative radial velocities. Milky
Way thick disk O VI absorption reveals a widespread
but highly irregular distribution of O VI, implying
substantial amounts of gas with T ~310° K in the
Milky Way halo. There is a slight excess of high-
latitude O VI to the North compared to the South,
but observations are not well described by simple
plane parallel models of patchy O VI absorbing
structures. The observed profiles are far wider than
thermal. The Galactic gas parcels containing O VI
are moving both toward and away from the plane
with roughly equal frequency. A combination of
models involving the radiative cooling of hot gas
in a Galactic fountain flow (~ 2M/yr for each
side of the disk) and the turbulent mixing of warm
and hot gases appears to be required to explain the
highly ionized gas found in the halo.

Andrew Fox, in collaboration with Savage,
Richter, student Fabian, Meyer (NWU), Lauroesch
(NWU), and Sembach (STScl), is studying high
resolution spectra from FUSE and STIS of the
highly ionized interstellar gas ((Si IV, C IV, N V
and O VI) toward HD 116852, a halo star at a dis-
tance of 4.8 kpc. They find evidence for three dis-
tinct types of absorbing gas along this sight line.
The study is being extended to several other sight
lines in the low halo that probe features such as Ra-
dio Loop IV and the Perseus spiral arm. A principal

goal of this study is to investigate the relationship
between O VI and the other high ions present in the
Galactic halo.

Richter focussed on FUSE observations of neu-
tral and molecular gas in Intermediate-and High
Velocity Clouds. He detected a widespread diffuse
molecular gas phase in the lower Milky Way halo.
He also used the WI'YN DensePak for complement-
ing observations of quasar fields.

Wakker completed a literature survey on high-
and intermediate-velocity clouds that showed the
diversity of HVCs. Some are distant (d > 4 kpc)
and metal poor (Z < 0.1Z), other are nearby (~1
kpc from the Galactic plane) and metal rich (Z ~
0.5—1Z), while still others are tidal debris (d ~50
kpc, Z ~ 0.257).

Gomez (with Benjamin and Cox, Physics) con-
cluded the development of a new model for the
free electron distribution in the galaxy, based on
a compilation of the published values for the dis-
persion measure of the pulsars with an indepen-
dent distance determination. Gomez and Cox are
now studying the flow of the galactic ISM into a
spiral perturbation, paying special attention to sub-
structure generated in the gaseous arms and vertical
motion induced by this flow. Among other things,
they expect to find how the non-axisymmetric rota-
tion curve influences the measured distances of the
ISM components.

Mathis, with Whitney and Wood, is consider-
ing the fractal nature of interstellar clouds. The
models have a heirarchical structure on large and
small scales. The radiative transport in such models
differs considerably from single scale clumpy mod-
els. The importance of cloud structure is shown
by the depletion patterns of heavy ions within the
ISM. Mathis and Wakker are considering H | emis-
sion as a diagnostic of clumping over large angular
scales. Mathis was involved in the interpretations
of ISO fine-structure line observations of ultracom-
pact H Il regions.

5 Extragalactic/ cosmology

Barger is obtaining a more complete census
of the energy-producing galaxies and supermassive
black holes in the Universe. Using X-ray, sub-
millimeter, and radio wavelengths, she has stud-
ied galaxies and AGN that were previously hid-



den by dust and gas. With the Chandra X-ray
Observatory, she has detected obscured supermas-
sive black holes at the centers of galaxies. This
work was done principally in collaboration with
Cowie (Hawaii), Brandt, Garmire, and Mushotzky
(GSFC), Hornschemeier (Penn State), and Bautz
(MIT). She led the study that made the first op-
tical observations of sources found in deep Chan-
dra data, discovering two new populations: one as-
sociated with normal galaxies and another associ-
ated with optically faint galaxies. She also deduced
that about 5% of optically bright galaxies are X-
ray active at any time and thus that black hole ac-
tivity lasts for about half a billion years. Barger
found that about 30% of black hole activity has oc-
curred since the Universe was half its present age.
By combining X-ray, optical, and radio data, she
was able to estimate the accretion history of the
Universe. To further determine the nature of the
X-ray sources, Barger and student Steffen are an-
alyzing spectroscopic data obtained with HYDRA
on WIYN of sources in a wide-area Lockman Hole
field to be targeted with Chandra. This study will
be complementary to forthcoming far-infrared ob-
servations of the region with the Space Infrared
Telescope Facility. Barger is Co-l on the Chandra
Deep Field North survey (Brandt of Penn State is
P1) that is obtaining a 2 million second exposure
and will be the deepest X-ray image ever taken. Itis
expected to resolve fully the X-ray background into
its constituent sources. Barger and Cowie (Hawaii)
will be doing the optical and submillimeter follow-
up on this field. Barger and student Hedrick are do-
ing a submillimeter study of extremely red objects
that are gravitationally lensed by three rich Abell
clusters. These objects may be extremely dusty ob-
jects or high redshift ellipticals. The objective is
to determine their contribution to the submillime-
ter extragalactic background light. Barger is also
examining the submillimeter properties of faint ra-
dio sources.

Bershady has continued HST STIS, NICMOS
and WFPC surveys of intermediate redshift com-
pact, luminous, blue narrow-emission-line galax-
ies in collaboration with Guzman (U. Florida) and
Koo (UC Santa Cruz). They are trying to deter-
mine the current state and future evolution of these
sources, and in particular if these galaxies can fade
to become part of today’s spheroidal galaxy popu-

lation. As part of a related study, Bershady contin-
ues to study the Tully-Fisher relation for intermedi-
ate redshift galaxies with collaborators Haynes and
Giovanelli (Cornell), Mihos (Case Western) and
Koo. Recent results indicates that sources outlying
the canonical rotation speed-luminosity relation are
preferentially disturbed systems —as determined ei-
ther from their image structure or velocity fields.

Andersen completed his Ph.D. research (Ber-
shady, supervisor) on WI'YN imaging and DensePak
spectroscopy of nearly face-on disks. He found that
disks are intrinsically elliptic at the 5-10% level and
determined how these properties contribute to the
scatter in the observed Tully-Fisher relation.

Bershady, \Verheijen, Andersen, Wilcots, and
Swaters (JHU) are involved with commissioning
science with the new SparsePak fiber integral field
unit on WIYN (see Instrumentation, below). Their
science objectives are to measure the mass of galaxy
disks by direct determination of the stellar veloc-
ity ellipsoid, and to probe the ionized gas veloc-
ity fields in late-type and low-surface-brightness
systems. Preliminary results indicate much lower
disks masses than previously assumed.

Gallagher’s research centers on defining and
understanding physical processes responsible for
the evolution of galaxies, with an emphasis on
lower mass systems. These are common and in-
clude the satellites of the Milky Way, allowing
detailed studies to be made. A project to de-
fine the star formation history of the Large Magel-
lanic Cloud (LMC) from studies of field star color-
magnitude diagrams (CMDs) and metal abundances
is making good progress with Smecker-Hane (UC
Irvine) and Cole (UMass). The LMC bar is younger
than the disk, probably appearing as a distinct com-
ponent 4-6 Gyr ago. A related WFPC2 project
led by Wyse (JHU) measured a normal field star
mass function down to 0.4 M, in the Ursa Minor
dwarf spheroidal. Studies of Local Group dwarf
galaxy stellar populations continue, with an anal-
ysis of deep IC 1613 and Sex A WFPC2 V and
| filter observations partially completed under the
leadership of Saha and Dolphin (NOAO), Skill-
man (Minnesota), and Dohm-Palmer (U. Michi-
gan). VLT spectroscopy (with Tolstoy [Groningen]
and others) of the IR Call triplet in three nearby
dwarfs provides a glimpse of chemical enrichment
patterns. The senior thesis project of A. Maxham



(now U. Illinois), based on CMDs from VLT imag-
ing by Tolstoy et al., gives further evidence for the
ubiquity of radial age/metal gradients in the Cetus
and Aquarius dwarfs. Even small galaxies are not
simple one-zone systems. They have experienced
considerable post-formation evolution.

For his Ph.D. thesis (Gallagher, supervisor),
Conselice inquired into the nature and origins of
ubiquitous spheroidal dwarfs in clusters, primarily
with the WI'YN telescope. The kinematics of dwarf
ellipticals in the Virgo cluster of galaxies are con-
sistent with most dwarfs entering the cluster after
the formation of the E-galaxy core. Complemen-
tary photometric investigations of the dwarf pop-
ulations in the core of the Perseus cluster indicate
a wide range in color of fainter dwarfs, consistent
with such galaxies being remnants of larger field
systems that were partially disrupted by interac-
tions as they became part of the cluster. This pro-
gram also yielded spectacular WI'YN images of the
system of ionized filaments and young stars asso-
ciated with the central Perseus cluster galaxy NGC
1275. A survey of Virgo dEs for HI 21-cm line
emission, with K. O’Neil (NAIC), showed that the
expected transition cluster-field dwarfs seem to ex-
ist. However, the cluster dwarf origins problem is
not solved. New Keck observations by M. Geha
et al. (Lick) prove that Virgo dwarfs are not rota-
tionally flattened, as would be expected if they are
stripped remnants of field spirals.

Gallagher continues studies of small field galax-
ies, including an analysis of major axis kinemat-
ics with Matthews (CfA). These are dark matter-
dominated systems with normal (i.e., high) specific
angular momentum content. New WFPC2 images
of HI-rich galaxies detected by HIPASS (H | Parkes
All Sky Survey) allowed for the first time a measure
of stellar population properties in this class of ob-
ject. This program was led by Knezek (WI'YN) and
involved M. Disney et al. at Cardiff.

Gallagher’s other work on the evolution of field
galaxies focuses on the nature of their starbursts.
What types of processes trigger such events, and
what are the evolutionary implications for the re-
sulting stellar populations? In agreement with other
investigations, his project, with Matthews (CfA),
Conselice, and graduate student Homeier, shows
that a range of interactions, including minor colli-
sions, can produce starbursts, especially in gas-rich

extreme late-type field systems.

Gallagher, with Calzetti (STScl) and her col-
leagues, is exploring processes within starbursts.
Smith (UC London) and Gallagher analyzed echelle
spectra from the Herschel Telescope as well as
WFPC2 images of the luminous, 60 Myr old su-
per star cluster M82-F. The data strongly suggest
a deficiency of lower mass stars in this cluster.
Another puzzle in M82 comes from the de Grijs
et al. WFPC2 and NICMOS survey of the post-
starburst “B-region” in M82, where colors indicate
the presence of compact clusters with ages of about
1 Gyr. Further studies of the M82 star clusters to
determine the ages and spatial patterns are planned
with a combination of HST and ground-based ob-
servations. The lifetimes of “clusters of star clus-
ters” and the “starbursts clumps” are key factors for
understanding the evolution of starbursts. Cluster
ages within the favorably oriented starburst clumps
of NGC 7673, being charted by Gallagher and
Homeier from WFPC2 imaging, should be extended
to other starbursts soon. This work builds on stud-
ies of cluster age patterns in the smaller scale star-
burst galaxy NGC 1569, and less extreme (or more
advanced) case in NGC 4449, carried out by Gal-
lagher in collaboration with Hunter (Lowell) and
colleagues. This program contrasts with obser-
vations of starburst regions within the centers of
galaxies that is led by Calzetti and her STScl group.
WFPC2 results on the M83 starburst arc will be fol-
lowed by a similar investigation of the hot spot nu-
cleus of NGC 2903.

Hoessel, Bershady, Saha (NOAO), Majewski
(Virginia), and Glenn (UW) have begun a long-
term, deep variability survey of intermediate red-
shift clusters using the WIYN telescope with the
MiniMosaic CCD imager. Second-epoch observa-
tions were achieved for 75% of the target fields.
Photometric reductions are yielding high-quality
color-magnitude diagrams for galaxies in the rest-
frame vacuum ultra-violet.

Reynolds, Haffner, and Madsen used WHAM
to carry out a deep search for Ha emission in the
plane of M 31. They detected faint emission out to
the edge of the H I disk, which extends to a radius
twice that of the stellar disk. Their observations set
an upper limit of 1.6 x 10* photons cm~2 s~! on the
intergalactic ionizing flux within the Local Group.
They found no evidence for an ionized gaseous disk



extending beyond the H I disk.

Otte, Gallagher, and Reynolds observed the
[O 1] 3727/Ha line ratio in a number of edge-
on spiral galaxies and found evidence that the ob-
served variations in the line ratio are due at least
in part to variations in the temperature of the emit-
ting gas. This suggests the existence of an addi-
tional heat source within the diffuse ionized gas
that overwhelms photoionization heating at densi-
tiesn < 0.1cm=3,

Savage, Richter, Tripp (Princeton), Sembach
(STScl), Howk (JHU), and Jenkins (Princeton) are
pursuing a program with the Far Ultraviolet Spec-
troscopic Explorer (FUSE) and the Space Tele-
scope Imaging Spectrograph (STIS) to determine
the physical conditions and number density of the
recently discovered low redshift intervening O VI

absorption line systems seen in the spectra of QSOs.

Five QSOs have been observed so far. At low
redshift, these highly ionized absorbers apparently
contain as much matter as galaxies. Six more QSOs
will be observed with HST during 2002, and four of
them with FUSE. The line of sight to PG 1259+593
is receiving special attention, since it provides in-
formation about abundances and physical condi-
tions in the high velocity cloud Complex C as well
as the IGM.

To understand the origin of the O VI systems,
one must determine if the absorbers are associated
with galaxies, galaxy groups, or other structures
along the line of sight to each QSO. Fox and Sav-
age have initiated a program with the WIYN 0.9m
and 3.5m telescopes to determine the redshifts of
galaxies in the fields of the QSOs being studied by
FUSE and STIS as part of the intervening O VI ab-
sorption line program described above. Their work
suggests that the O VI systems are either associated
with the halos of individual galaxies or with gas in
the large scale structures traced by galaxies.

Sparke and Erwin (Inst. Canarias) have been
preparing a survey of early-type barred galaxies
with the WIYN telescope, searching for signs of in-
ner bars and other central structures. These turn out
to be surprisingly common; about a quarter of the
galaxies have secondary bars and about the same
fraction have inner disks. NGC 2681 may be the
clearest example yet of a galaxy with three concen-
tric bars. Inner bars appear to be oriented randomly
with respect to the outer bar, and to have no associ-

ation with active nuclei. Gaseous star-forming nu-
clear rings are also common, especially among the
SO galaxies in the sample. Three SO galaxies ap-
pear to have purely stellar nuclear rings, with no
evidence for dust or recent star formation.

Sparke and Gallagher participated in the Hub-
ble Heritage Project’s high-resolution multicolor
imaging of the polar ring galaxy, NGC 4650A, with
WFPC2. The unusual disk-ring structure of po-
lar ring systems may be the remnant of a huge
galactic collision, probably at least a billion years
ago. They are investigating if the polar material
represents the shredded remains of a young gas-
rich galaxy, rather than being originally the disk
of a normal spiral into which the central body has
fallen.

Andrea Cox (Beloit College) spent the sum-
mer at UW-Madison. She and Sparke analyzed ra-
dio observations of polar ring galaxies to show that
these are no more likely to contain an active nu-
cleus than are normal elliptical or SO galaxies. Star
formation is probably the source of the radio emis-
sion, but these are not starburst galaxies; their mod-
est rates of starbirth will require several gigayears
to exhaust the available cool gas.

Wilcots continues to focus on understanding
the distribution and kinematics of H I in the envi-
ronment of galaxies and the symbiotic relationship
between star formation, the evolution of massive
stars, and the evolution of the interstellar medium
in galaxies. Nathaniel Doane has begun working
on a PhD thesis seeking equivalents to the Local
Bubble (the region surrounding the Sun filled with
relatively low-density ISM) in other spiral galaxies.

Using WIYN, Wilcots and Thurow studied the
ionized gas in the star-forming irregular galaxy
NGC 4214. Their results indicate that stellar winds
and steep density gradients in the cool ISM are the
main drivers of the observed outflows of ionized
gas. Similar work continues on Local Group dlrrs
IC 1613 and IC 10. They joined with Bothun (U.
Oregon) on a Fabry-Perot study of the ionized gas
in NGC 1569. Wilcots & Hunter (Lowell) continue
their investigation of extended H | around nearby
irregular galaxies. VLA and HIPASS (H I Parkes
All Sky Survey) data show that while the Local
Group irregular Sextans A does have a very ex-
tended H I disk, it is incredibly smooth, suggesting
that Sextans A has yet to suffer any external pertur-



bation.

Wilcots, Zabludoff (Arizona), van Gorkom (Co-
lumbia), and Mulchaey (OCIW) continue their study
of the H I content of poor groups of galaxies. Re-
sults from the VLA suggest an absence of a pop-
ulation of intergalactic H I clouds in these groups
and that the H I mass function in poor groups is ex-
tremely flat. Work continues on mapping a number
of groups across the evolutionary sequence with
both the VLA and the Australia Telescope Com-
pact Array. Wilcots and Pisano, Fabian, Wakker,
and Kern are searching for H I counterparts to O VI
absorbtion line systems in groups of galaxies us-
ing both the VLA and the Dominion Radio Astro-
physical Observatory in Penticton, B.C. A collabo-
ration with Muehle and Klein (U. Bonn, Germany)
continues work on understanding the complex rela-
tionship between massive stars and the ISM in the
post-starburst galaxy NGC 1569. The high resolu-
tion H | data indicate that the recent starburst may
have been triggered by a recent merger with a small
gas rich system, the tidal remains of which are still
visible around NGC 1569.

Undergraduates working with Wilcots include
Prescott, mapping the distribution and kinematics
of H I in the interacting pair of late type galaxies
IC 1727 and NGC 672; Kern, working on H | in
groups of galaxies; Gaal, investigating the distribu-
tion and kinematics of H | in the Magellanic spiral
NGC 1507; and Swetz, modeling the mass distri-
bution of NGC 4449.

In collaboration with David Koo (UC Santa
Cruz), Kobulnicky published a spectroscopic chem-
ical and dynamical study of high-redshift galaxies.
With K. Johnson (U. Colorado), he continued in-
vestigation of the youngest phases of massive star
cluster formation, and with Pisano and Bershady
he completed a study comparing the 21-cm neutral
hydrogen and ionized gas kinematics.

Verheijen, in collaboration with Van Gorkom
(Columbia), Wilcots, Dwarakanath, and Poggianti
(Raman Inst), obtained deep HI images with the
VLA of galaxy cluster Abell 2192 at a redshift
of 0.2. Several galaxies were detected, setting a
new distance record for an observed HI emission
line. These VLA data will be combined with Giant
Meter Radio Telescope (in India) observations for
increased sensitivity. Supplemental WIYN-Hydra
spectroscopy showed a clear separation in redshift
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between the star forming emission line galaxies and
those without emission lines, suggesting that a gas-
rich clump of galaxies is falling into the main body
of this cluster. The ultimate goal of this study is
to understand the evolution of the cold gas content
and stellar populations of gas rich galaxies falling
into a cluster’s gravitational potential well. \erhei-
jen, Zwaan (U. Melborne), and Van Dokkum (Cal-
tech) analyzed deep H I imaging VLA data of Abell
1689 at a redshift of 0.18. No direct detections of
galaxies were obtained and follow-up optical spec-
troscopy with WI'YN-Hydra will be needed to pur-
sue a statistical detection strategy.

Verheijen, Bershady and Andersen have been
analyzing the commissioning data of the new
SparsePak instrument on WIYN. As a first result,
the vertical stellar velocity dispersion of a nearly
face-on galaxy disk has been measured at 3.5 disk
scale lengths from the center. Ha velocity fields
have been derived for spiral galaxies with a wide
range in central disk surface brightness, signifi-
cantly increasing the possibilities for studying the
kinematics of low surface brightness disks.

6 WIYN, SALT, and Instruments

The Department is continuing in its interna-
tional partnership in the Southern African Large
Telescope (SALT). UW is the second largest part-
ner in the consortium, after the government of
South Africa. SALT, an 11-meter optical tele-
scope modified from the Hobby-Eberly Telescope
(U. Texas and collaborators) design, is located at
the SAAQ site in Sutherland, South Africa, but it
will have a larger corrected field of view (8’), better
image quality, larger pupil (11m), and an enlarged
prime-focus instrument payload. Ground-breaking
occurred September 1, 2000. First light is expected
in 2003/2004.

UW'’s prime responsibility for the SALT project
is the design and construction of the Prime Focus
Imaging Spectrograph (Nordsieck, PI). It will spe-
cialize in very high throughput, low and medium
resolution (R = 500 - 13000) spectroscopy and
spectropolarimetry from 3200 to 90004, using an
articulated camera and Volume Phase Holographic
gratings and a double-etalon Fabry-Perot system.
With a peak efficiency above 65% and a 3200A ef-
ficiency above 30%, it will be unique among, or su-



perior to, existing instruments on 8-10m telescopes
in the UV, in medium resolution spectroscopy, in
Fabry-Perot spectroscopy, and in spectropolarime-
try. Important components are being developed at
Rutgers and the South African Astronomical Ob-
servatory. The instrument will be commissioned in
2004.

Anderson is the Wisconsin PI for the construc-
tion of the Cassegrain Instrument Adapter System
for the WIYN Telescope, which will provide rou-
tine access for integral field devices as well as user
instruments to the Cassegrain f/13.5 focus. It pro-
vides acquisition and guiding signals as well as cal-
ibration source beams. It is expected to be inte-
grated into the WIYN system in the first half of
2002.

Bershady and Andersen have completed and
installed an NSF-funded fiber integral field unit
(“SparsePak™) for WIYN, built at Wisconsin. The
instrument is currently in commissioning phase,
with observations and analyis being conducted by
\eheijen, former undergraduate Harker, Bershady
and Wilcots. A second integrated field unit ca-
ble (“HexPak) for the Hobby Eberly Telescope’s
Medium Resolution Spectrograph is completed and
awaits installation. These instruments are unique in
their high delivered etendue (7-10 m? arcsec?) and
spectral resolutions (up to R = 21,000). They are
designed for study of the dynamics of spiral disks
of external galaxies.

Under the guidance of Mathieu, the WIYN
Observatory, in collaboration with a suite of part-
ners, took over operation of the Kitt Peak 0.9m
telescope. A complete renovation of the telescope
drive and control system is coming to completionin
Fall 2001. The telescope will be dedicated to wide-
field imaging with a 20482 CCD and the KPNO
Mosaic camera, with emphases on time-dependent
astrophysics and undergraduate and graduate re-
search programs.

An advanced low-cost star tracker, the ST5000,
was built by Percival, Jaehnig, Michalski, and Gabelt
of the Space Astronomy Lab. It provides pitch,
yaw, and roll control for sounding rockets, and can
also do a full attitude determination, without gyros,
from the positions of a few stars for both sounding
rockets and satellites in only a few seconds. The at-
titude determination algorithm was tested success-
fully in a rooftop test, and the unit will be flown on
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a sounding rocket payload in December 2001.

Nordsieck’s halfwave polarimeter (HPOL) was
on the 0.9m telescope at Pine Bluff Observatory.
HPOL obtained 256 observations of 101 distinct
targets over the course of 96 nights between Oct 1,
2000 and Sept 30, 2001. Specific areas of interest
are interacting binaries, Be stars, ISM probes, AG
Dra, AeBe stars, and LRV stars. Broadband polari-
metric results of HPOL observations are listed on
the HPOL website: www.sal.wisc.edu/HPOL.

Savage is a Co-Investigator on the Science Team
of the Cosmic Origins Spectrograph (COS), to be
installed in the Hubble Space Telescope in 2004 (J.
Green, U. Colorado, PI.) COS is a high efficiency
spectrograph designed to operate between 1150
and 3200 A with a spectral resolution of ~20,000.
In the far-UV, COS is ~15 times more efficient
than the Space Telescope Imaging Spectrograph.
COS will be used for a wide range of studies of
faint galactic and extragalactic objects. Savage’s
studies with COS will emphasize the highly ion-
ized gas found in QSO absorption line systems.
Similar O VI absorption line systems at low red-
shift may contain as much matter as the entire local
population of galaxies.
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