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As in the past,the AstronomyDepartmentat
UW-Madisonhasbeenactivein awide rangeof ob-
senationalandtheoreticalresearctprograms.We
are playing a major role in the SouthernAfrican
Large Telescopeg(SALT) consortiumthat is con-
structinga 10-meteiopticaltelescopédocatedatthe
Southermfrican AstronomicalObsenatorysitein
SutherlandSouthAfrica. Ourefforts aredescribed
in X6 below.

Anothermajorthrustof the departmentomes
from the award of one of the six Legag/ Science
programsof the Spacelnfrared TelescopeFacil-
ity (SIRTF), an 0.85-m telescopein solar orbit,
to be launchedin late 2002 or early 2003. The
UW project,calledGLIMPSE (GalacticLegagy In-

fraredMid-PlaneSuney Extraordinaire)hasChurch-

well asPI with ateamof 15 scientistdrom 7 insti-

tutions. It will beresponsibldor imagingtheinner
2/3 of the Galacticplanewith a spatialresolution
of 2", down to the confusionlimit, with images
in the3—8 umregion. Thesurwey will require400
hoursof telescopdime.

1 Personnel

Dr. Amy Barger assumeder positionasAs-
sistantProfessorin August2001. Previously she
wastheHubbleFellow/Chandra-ellow at Large at
the Institute of Astronomy University of Hawaii.
Sheis the recipientof the 2001 Annie JumpCan-
non Award of the AAS for hercontrikutionsto as-
tronomy

In June, Prof. Linda Sparle becameChair,
succeedingAnderson. Other faculty are Profes-
sors Cassinelli, Churchwell, Gallagher Hoessel,
Mathieu,Nordsieck,Reynolds,and Savage,Asso-
ciate ProfessordBBershadyand Wilcots (promoted
to therank during the year),and AssistantProfes-
sorsBamger and Lazarian. Blessand Mathis are
Professor&meritiresidingin Madison.

Percval is Scientistand AssociateDirector of
the SpaceAstronomylLaboratoryaswell asProject

Managerfor the Prime Focus Imaging Spectro-
graphon SALT. Harris and Wakker are Associate
Scientists.

Dr. Eric Burgh joined the staf as Assistant
Scientistafter completinghis graduatework atthe
JohndHopkinsUniversity. Hewill work with Nord-
sieckasthe InstrumentScientistfor the Prime Fo-
cuslimagingSpectrograptffior the SALT. Dr. Marc
Verheijenarrived in March after a 3 month stay
in Bangalore,India, from the NRAO in Socorro
wherehe held a Jansk Fellowship. He will work
with Bershadyon galaxykinematicswith the new
SparseBk instrumenton WIYN andwith Wilcots
on the evolution of the gascontentin galaxyclus-
tersusingtheVLA andtheGiantMeterRadioTele-
scope(in India). In SeptembeR001, Dr. Remy
Indebetouwjoined the staf as AssistantScientist
to work with the SIRTF Legagy team GLIMPSE
(Churchwell,PI; seebelow). His primary respon-
sibilities will be to lead the effort to plan early
obsenationsto validatethe GLIMPSE observing
stratgy and to establishdata validation criteria
andimplementthem as dataarrive. Other Assis-
tant Scientistsare Drs. Sidngy Barnes(McKinney
AssistantScientist),JungyeonCho, Matt Haffner,
Henry “Chip” Kobulnicky, Mark Quigley (whoin
Septembe2001,accepte@nothempositionatUW),
andPhilipp Richter M. Orio is Visiting Associate
Scientist.Dr. Jamed_ attis sernedasLecturerdur-
ing the academicyear Kobulnicky nished his
Hubble Fellowship andjoined the GLIMPSE and
SALT Prime FocusImaging Spectrograpiteams
(Churchwelland Nordsieck,resp., PIs), and was
awardeda 5-yearNASA Long-Term SpaceAstro-
physics(LTSA) grantto study how matterlost in
galacticwindsfrom starformingdrivesgalaxyevo-
lution.

Many scientistsvisitedduringtheyear includ-
ing Prof. David Meyer (Northwestern)who spent
his sabbaticalyearin residence.David Jamesa
post-doctoralfellow from St Andrews, Scotland,



visitedMathieusWIYN OpenClusterStudygroup
from March-September

Four studentsreceved the PhD degree. Dr.
ChrisConselicgGallagheysupervisorworkedon
the kinematicsand evolution of dwarf elliptical
galaxiesn theVirgo Cluster Heis now atCalTech.
Dr. Birgit Otte,now at JHU, investigatedemission
line ratiosin edge-orspiralgalaxiegReynolds,su-
pervisor). Dr. D. J. Pisano,now NSF Fellow at
CSIRO Australia TelescopeNational Facility, had
a thesisentitled“The Formationand Evolution of
IsolatedGalaxies”(Wilcots, supervisor) He began
an NSF InternationalFellonship at the Australia
TelescopeNational Facility. D. Andersen(Penn
StateCIC exchangestudent,in residenceat UW;
Bershady supervisor)worked on spectroscop of
nearlyface-ordisks.Heis now atthe Max-Planck-
Institutfur Astronomie(Heidelbeg).

Churchwellcontinuedto sene on the Visitors
Committeefor AreciboObsenatory, besideseing
P1 of the SIRTF GalacticLegacg/ Scienceprogram
GLIMPSE.GallaghercontinuedasChairof theln-
ternationalBoard of the Gemini Obseratory He
was appointedas Director of the Astronomyand
AstrophysicsAntarctic Researchnstitute; this or-
ganizationprovidesorganizationandoversightfor
variousresearchUniversity of Wisconsin-Madison
polar researchprograms,including the currently
operatingAMAND A and plannediceCubehigh
enegy neutrinoobsenatories.

MathieuwasPresidenbf the WIYN Boardof
Directorsas well as AssociateDirector, National
Instituteof ScienceEducation He continuedasDi-
rectorof theCollegeLevel 1 Institutewithin NISE.
All of the CL-1 productsareat
www.wcerwisc.edu/nise/cll/.

Savage continuedas a memberof the Space
Telescopénstitute Councilandthe AAS Nomina-
tionsCommittee.

Percval continuedhis participationin the AU
Working Groupon AstronomicalStandards initia-
tive called SOFA: “Standardsof Fundamentahs-
tronomy” Thegoalof thiseffort is to producea set
of basicsoftware thatimplementcommonly-used
formulaeand standardnodelsin fundamentabs-
tronomy

Wilcots sened on the National Radio Astron-
omy Obsenatory's UsersCommittee the NRAO's
ProgramAdvisory Committee the AAS Commit-

tee on Employment, and chairedthe WIYN Sci-
enti ¢ Advisory Committee.Wilcots continuesto
directthe Universein the Park programwhich n-
ishedits sixth successfuseasonn 2001. The pro-
gram visited 29 different state parks throughout
Wisconsinandheld 47 sessiongrom May to Oc-
tober Both of theseare new records. Estimates
arethatthatnearly3000peopleparticipatedn Uni-
versein the Park this season.Wilcots alsodirects
the departmens efforts towardsthe ancillary ben-
e ts associateavith the SALT telescoperoject.
The monograph'Galaxiesin the Universe:an
Introduction”, by Sparle and Gallagher waspub-
lished by CambridgeUniversity Pressin October
2000.Thisadwancedundegraduateext providesa
modernperspectie on obsenationalandtheoreti-
calaspect®f galaxiesaswell astheirdevelopment
within our expandingUniverse.Errataarelisted at
www.astro.wisc.edusparlke/book.

2 The Solar System

Reynolds, Haffner, and colleaguesrom UW
Physicsand elsaevhere carried out a study of Ha
emissionfrom the earths geocoronausing spec-
tra collectedduringthe WisconsinH-alphaMapper
(WHAM) sky surwey. They concludedthat con-
tinuedobsenationswith WHAM could be usedto
monitorchangesn the earths globalmethaneoro-
duction,a primarygreenhousgarminggas.

Reynolds, Anderson, Harris, and colleagues
from PhysicsandelsavhereobtainedWHAM and
alsoWIYN obsenationsof cometHale-Bopp(C/1995
01)in the A6300[O 1] linesandestimatedherate
of productionof watermoleculedrom thenucleus.

3 Stars, Outflows, and Galactic Structure

Anderson,Harris, and Scherb(UW Physics)
continuetheir programof obsenationsof solarsys-
temobjects. The electrondensitydiagnostidsS 1]
A6717,6731 hasbeenextensively mappedin the
Jupiter/lotorus using the WIYN Densepakpro-
viding simultaneousneasure®f intensity veloc-
ity, andline ratio (density).Suchcometsasbecome
available,e.g. Linear WM-1, arealsoon the pro-
gram.

Andersonand Glinski (Tenn. Tech)usedthe
WIYN Densepako obtainmoderateesolutionspec-
tra of theemissionfeaturesnear5800QA in the Red



RectangleNelula surroundingHD 44179. There-
sults suggestthat the currently popularidea that
thesebandsare the sameas the diffuse interstel-
lar bandsin the samegeneralwavelengthrangeis
notcorrect.

CassinellandstudenMiller haveanalyzedhe
high-resolutionChandraX-ray spectraof the hot
stars¢ Puppis(O4f) andé Orionis (09.5& B0.5
1), collaboratingvith MacFarlane(PrismCompu-
tationalSciences)Waldron(Emegentinformation
Technologies)andCohen(Swarthmore) . Cassinelli
hasalsoworked with Waldronin interpretingthe
Chandrahigh resolutionspectrumof ¢ Ori (09.5
la). They usedforbidden,intercombination,and
resonancdines of helium-like ions as diagnos-
tics of the radial distribution of the variousions.
The Dopplerbroadenedgmissionline pro les re-
vealthetemperaturstructureof thegas.TheX-ray
line spectradiffer in severalwaysfrom predictions.
Thereseemso beanextra sourceof X-raysarising
from the base,possiblylocatedin magneticloop
structures.

CassinelliNordsieckandR. Ignace(U. lowa)
have continuedtheir work usingthe UV Hanleef-
fectasa diagnosticof magnetic elds in hot stars.
They shouldbe able to detect elds of lessthan
100 Gaussusing high resolutionpolarizationob-
senations of strongUV lines in the winds. Ig-
nace, Cassinelli, Quigley and Babler studiedthe
Infrared SpaceObsenatory spectraof Wolf Rayet
stars,especiallythe velocity laws and lling fac-
tor in thewinds. The IR continuumof thesestars
is formedin the wind. The dominantcontinuum
opacity free-freeabsorptionjncreasesvith wave-
length,soopticaldepthunity, andthustheradiusof
theline formation,movesoutward with increasing
wavelength. Becauserecombinationlines of He
Il have larger widths, the velocity law canbe ob-
tained.They estimatehatthe Iling factoris about
only 1/50.

Mathieu and colleaguesBarnes, Dolan, and
Meibom continuedacquiring high-precisionstel-
lar radial velocitieswith the WIYN telescopeand
Multi-Object SpectrographAs part of the WIYN
OpenCluster Study (WOCS), they have obtained
5612 velocity measurementsf 511 starsin NGC
188, 4097 measurementsf 1116 starsin M35,
2021measurementsf 354 starsin NGC 2264,and
3694measurementsf 940starsin NGC6819.Ad-

ditional spectroscopibinaryorbitsaresteadilybe-
ing found in eachcluster with orbital solutions
for nearly 70 binariesin NGC 188, the most ex-
tensvely obsened. As a post-doctoralscientist,
Dolan developedand commissioned java-based
databasallowing e xible accesso all WOCSdata.

Mathieu,Carr(NRL), andNajita(NOAO) con-
tinueda programat the Keck Obsenatory of high-
resolutionnearinfrared spectroscop (CO funda-
mentalandovertonetransitions)n orderto explore
the circumstellargasin both young binariesand
singlestars.The CO transitionsareextremelysen-
sitive tracersof disk gas. In orderto study the
history of disk dispersalo later stellarages,they
have expandedheir programfrom binariesto sin-
gle stars.

Mathieu,Rhode(Yale),andHerbst(Weslg/an)
completedtheir v sin ¢ studyof low-massTrapez-
ium stars.They found strongevidencethatthe pe-
riod light variationsof T Tauri starsarecausedyy
spotmodulationasthe starrotates.Therewereno
signi cant differencesn the v sin: distributionsof
the periodic and control samples,indicating that
thereareno evidentbiasesn the periodicsample.
Surprisingly for starswith known periodthe mean
value of sini is signi cantly lower than expected
for a randomdistribution of stellar rotation axes.
They nd evidenceatthe 3o level thatthe radii of
starson similar masstracksare decreasingasthe
starsmove closerto the ZAMS.

Stassurand Mathieu continuedtheir study of
pre-main-sequend®MS) eclipsingbinarystarsto
derive empirical masses;jo be usedto test and
calibrate PMS stellar evolution models. Multi-
band photometricmonitoring of several eclipsing
binarycandidates the Orion starformingregions
was carried out with the CTIO 0.9-m, and spec-
troscopicmonitoring with WIYN and the Hobby
EberlyTelescopdigh-resolutiorspectrographThey
also continuedtheir surwey of PMS spectroscopic
binary starsin Orion with the WIYN multi-object
spectrographThe aim of this programis to char
acterizethe frequeng of closebinary systemsand
to studytherelationshigbetweerbinarity andearly
stellarangularmomentumevolution.

Barneshascontinuedto work on stellar evo-
lution, with an emphasison the rotational evolu-
tion of stars. He assistedcolleaguesn complet-
ing and publishingthe newestversionof the Yale



Isochrones. Theseinclude the latestphysicsand
begin at the stellar birthline, facilitating compari-
sonwith very youngclusters. He investigatedhe
rotationalconsequencesf disk- locking of young
starsandtherotationratesof thehoststarsof extra-
solarplanets.

StassunM. vandenBerg (Utrecht), Mathieu,
andF. Verlunt (Utrecht)completedheir studiesof
the photometricvariability of starsin the old open
clusterM67. Photometricvariability in the cluster
occursin only 3% of the nearly1000starsstudied
andis strongly correlatedwith binarity. They dis-
covereda contactbinary (W UMa) system,bring-
ing the total known to four. This work alsoled to
a detailedstudy of the blue stragglertriple system
S1082.

JamegqSt. Andrews, but in residenceat Madi-
son),working with MathieuandBarnes focussed
ontheM7 andM34 openclusters.Thesetwo clus-
tersareespeciallyimportantbecaus®f theirinter-
mediateages(about250 Myr) anddiffering metal-
licities. Theseclusterswill de ne theangularmo-
mentumevolution on the main-sequencat ages
in betweerthoseof the well-studiedPleiadeg100
Myr) and Hyades(600 — 700 Myr) clusters,and
will begin to characterizeclusterto-clusterdiffer-
encesfor coeval systems.Jameseducedand an-
alyzedan M7 BVIc photometricdatasetover the
centrall degreeof the cluster A subsebf photo-
metricmemberdying closeto thenominalmainse-
guencewereobsenedat WIYN. Theresultantra-
dial velocities,the existing spectraltype data,and
the BVIc photometrywill allow the WOCSteam
to constructa catalogueof cluster membersfor
follow-up spectroscopfor Li abundanceandpho-
tometricmonitoringstudies.Jameslsoanalyzeda
largedatasetof differentialphotometryfor rotation
period determinationsn the M34 cluster Barnes
andJamesarein the processf constructingight
curvesfor M34 photometriomembers.

Stassunand Mathieu receved a Chandraar-
chival researctgrantwith M. Barsory (SpaceSci-
encelnstitute)andG. Basri(UC Berkeley) to study
the rotation-actvity connectionamonglow-mass
PMSstarsin Orion.

Stassunwith Wood (St. Andrews) and Whit-
ney (SpaceSciencelnstitute), studiedthe photo-

metricvariability of theembeddegoungstarHH30.

A tentatve periodin the scatteredight curve in-

dicatesextremelyslow rotationof the centralstar
HST archval obsenationsof HH30arebeingmod-
eled via Monte Carlo radiative transfercodesto
studymagneticallychanneledccretionof circum-
stellardisk materialonto the centralstar Stassun
andWhitney continuedheirHST archval research
projectto modelthe 3-D scatteredight morpholo-
giesof protostarsn the Taurusmolecularcloud.
Hoffman, Nordsieck,andWhitney continueto
investigatethe characteristicef their Monte Carlo
radiatve transfermodel for binary stardisk sys-
temsandits usein reproducingthe obsered ux
and polarizationcurves of g Lyrae. Recentim-
provementancludethe useof ellipsoidalvolumes
to represenRoche-lobe- lling stars.Hoffmanand
Nordsieckhave analyzedtheir polarimetricobser
vations,taken with HPOL at WIYN, of the PMS
binary starsBM Ori and MWC 1080. They es-
timate the contrikution from interstellarpolariza-
tion andthe behaior of the intrinsic polarization
for each.They collaboratedvith J. Meyer (under
grad)onaspectropolarimetristudyof thepeculiar
B[e] starMWC 349A. Obsenationswith HPOL at
WIYN con rm previous estimatesof the orienta-
tion of a circumstellardisk in the systemandsug-
gestthata nearbystaris not a companionas pre-
viously thought. Theseresultslend supportto the
classi cationof MWC 349A asa PMSB|[e] star
Orio, with colleaguesis studyingpointedXMM
Newtonobsenationsfor NovaLMC 1995(asuper
softX-ray sourceandacandidataypela supernea
progenitor)and the behaior of post-outlurst no-
vae obsened with Chandra.Sheis using ROSAT
archival data,supplementedvith dataof Einstein,
ASCA, Chandraand XMM-Newton, to studythe
long term variability in intensity and spectrumof
X-ray sourcesespeciallycataclysmiwariablesand
low massX-ray binaries. The sampleincludes
mary unidenti ed sourceswith interestingvaria-
tions on time scalesof days, monthsand years.
Orio is also consideringthe long term behaior
of classicalnovae at quiescencein orderto clar
ify severalaspect®f the secularevolution of these
objects. Thereis an ongoingprogramof optical
identi cation andmonitoringof Low MassX-Ray
Binariesand cataclysmicvariablesthat are X-ray
sourcesThis programis carriedonwith ESOtele-
scopeandmainlywith theWIYN telescopeSome
of thesupersofsourcehave hugeasymmetrigon-



izationnehulaearoundthem. Thesenehulaecanbe
detectecat WIYN.

4  The Interstellar Medium (ISM)

The WisconsinH-alphaMapper(WHAM)
NorthernSky Surwey totalintensitymap(Reynolds,
P1) has been made available to the community

at the web site http://www.astro.wisc.edu/wham/.

Thesurwy providesthe rst view of thelargescale
distribution andkinematicsof the diffuseinterstel-
lar Ha northof declination 30°.

Churchwell,with Bieging (U. Ariz), Pankonin
(NSF),andstudentwWatson,continuedto try to de-
tect and determinethe propertiesof precursorof
UltracompacHll regionsusingCH4CN line emis-
sion. A surwy of over 20 knowvn massve starfor-
mationregionsusingthe Sub-MillimeterObsena-
tory on Mt. Grahamhasrevealedcompactandap-
parentlyoptically thick CH,CN emissiontoward a
large fraction of the samplesuneyed. The BIMA
andOVRO arrayswill provide higherresolutionin-
terferometricobsenrations.

Hollis (GSFC)andChurchwellusedpreviously
publishedmolecularline datafrom the Orion and
Sgr B2 molecularcloudsto show that the forma-
tion of complec interstellarmoleculess consistent
with formationfrom chemicalgroupssuchasOH,
CH, CHl,, CH3, CN, NH,, andHCO thatwereini-
tially formed on grain surfacesand subsequently
releasednto theinterstellarmedium.

In aneffort to resole the distanceambiguities
of ultracompactHIl regionsin the inner Galaxy
Churchwell (with Araya and Hofner, U. Puerto
Rico, andKurtz, UNAM) usedthe Arecibo 300m
telescopeo measurehe H11Qx line in emission
andthe 6 cm H,CO line toward 21 ultracompact
HII regions. The H,CO line was obsened in ab-
sorptionagainstthe Hll regions, and the near/ar
distanceambiguity was resolhed. The succesf
this pilot programhaspromptedproposinga much
more extensve surwey to resole the distancedo
all detectablenassve starformationregionsin the
inner Galaxy with the the GBT and Arecibo tele-
scopesOnemotivationfor thesesurweysis to pre-
parefor the SIRTF/GLIMPSE imaging suney of
theinnerGalacticplane.

StudentMarta Sewilo, working with Church-
well, is measuringthe angularexpansionratesof

G5.89and G34.26using VLA continuumimages
obtainedover a 10 year period. Shewill alsobe
hearily involvedin the determinatiorof kinematic
distancesof ultracompactHIl regions using the
GBT and Arecibo. C. Watsons thesistopic will
be the out ows associatedvith massve star for-
mation,especiallythe origin of thelarge massen
the out ows. He hasplayeda key role in writing
anautomatedbservingcommandorogramfor the
SIRTF Legagy project.

Lazarian,Cho, andstudentsyan andEsquvel
investigatedpropertiesand consequenciesf the
ISM turbulencefrom theoretical,numerical,and
obsenationalpointsof view. They cooperateavith
E. Vishniac(JHU) in theoreticalstudiesof MHD
turbulenceandobtainednew resultson turbulence
cascadén partiallyionizedgas,on couplingof dif-
ferentMHD modes,on cosmicray scatteringand
on acceleratiorof cosmicrays. Lazariancontin-
uedwork with Pogosyar{Univ. Edmonton)on ob-
tainingvelocity anddensitystatisticsof turbulence
from obsenational data, concentratingon the ef-
fectsof absorption.Thiswork will opena new av-
enuefor dealingwith turbulencenotonly in HI, but
alsoin CO andothermolecularspeciedor which
absorptionis important. The applicationof ear
lier resultsto the SmallMagellanicCloudHI (with
S. Stanimirovic, Arecibo) revealeda Kolmogoror-
type cascaddrom size of the whole galaxydown
to theresolutionlimit. With De GouwiaDal Pino
(Univ. SaoPaolo), Lazarianobtainedconstraints
ontheacceleratiomf ultrahighenegy cosmicrays
during reconnectiorevents. With Frenchcollabo-
rators,heworkedonthestatisticsof starlightpolar
ization,importantfor CMB studies.

Reynolds, Haffner, Hausen,and Tufte used
WHAM to characterizeahe kinematicsand emis-
sion measuref the diffuseionizedgastowardthe
LockmanWindow (an areaof low H | emission)
and toward the high latitude O star HD 93521.
They foundthattheionizedgasis kinematicallyas-
sociatedwith theH I, but thattheH Il andtheH |
toward HD 93521do not appearto be mixedinto
partially ionizedclouds,ashadbeensuggestedby
Spitzerand Fitzpatrick. With Sterling, they used
WHAM to detectfor the rst time thetemperature
sensitve[N 1] A5755in thediffuselSM. Theirob-
senationsindicatethatthe electrontemperaturef
low densityionizedgasis 2000K higherthanthat



in the higherdensity classicalH Il regions. This
hasprovidedadditionalsupportfor the presencef
a supplementaheatingsourcewithin the low den-
sity gas. The WHAM sky surney datafound evi-
dencefor anenormoussuperlibblethatappeargo
have blown out into the halo above the CasOB6
associationn the Perseusarm. This nding has
provided supportfor the ideathatat leastsomeof
theionizing radiationfrom O starsis ableto travel
long distanceghroughthe Galacticdisk via large
cavities that are devoid of H I. The WHAM sky
surwey createdthe rst Hoa map of a high latitude
intermediatevelocity cloud,the“K Comple”. The
ionizedgastracesthe H | quite well spatiallyand
kinematicallyoverthe 600squaredegreecomplex.

Savage, Wakker, Sembach(STSCI), Richter
Meade,and other membersof the FUSE science
teamhave nearly completedtheir surey of O VI
absorptionin the Milky Way halo seentoward 85
extragalacticobjects. High velocity O VI absorp-
tion is detectedalong 65% of the lines of sight, at
both positive andnegative radial velocities. Milk y
Waythick diskO VI absorptiorrevealsawidespread
but highly irregular distribution of O VI, implying
substantiabmountsof gaswith T 310C° K in the
Milky Way halo. Thereis a slight excessof high-
latitude O VI to the North comparedo the South,
but obsenationsare not well describedoy simple
plane parallel modelsof patchy O VI absorbing
structuresTheobsenedpro les arefarwiderthan
thermal. The GalacticgasparcelscontainingO VI
are moving both toward and away from the plane
with roughly equalfrequeng. A combinationof
modelsinvolving the radiatve cooling of hot gas
in a Galacticfountain ow ( 2Mlyr for each
sideof the disk) andthe turbulentmixing of warm
andhot gasesappeardo berequiredto explainthe
highly ionizedgasfoundin thehalo.

Andrew Fox, in collaboratiorwith Savage,
Richter student~abian,Meyer (NWU), Lauroesch
(NWU), and Sembach(STScl), is studying high
resolution spectrafrom FUSE and STIS of the
highly ionized interstellargas((Si IV, C IV, N V
andO VI) towardHD 116852,a halostarat a dis-
tanceof 4.8kpc. They nd evidencefor threedis-
tinct typesof absorbinggasalongthis sight line.
The studyis beingextendedto several othersight
linesin thelow halothatprobefeaturessuchasRa-
dio LooplV andthePerseuspiralarm.A principal

goal of this studyis to investigatethe relationship
betweerO VI andtheotherhighionspresentn the
Galactichalo.

Richterfocussedn FUSEobsenationsof neu-
tral and moleculargasin Intermediate-andHigh
Velocity Clouds.He detecteda widespreadliffuse
moleculargasphasen the lower Milky Way halo.
HealsousedheWIYN DenseRkfor complement-
ing obsenationsof quasarelds.

Wakker completeda literaturesurwey on high-
and intermediate-glocity cloudsthat shoved the
diversity of HVCs. Somearedistant(d > 4 kpc)
andmetalpoor(Z < 0.17.), otherarenearby( 1
kpc from the Galacticplane)andmetalrich (Z
0.5 1Zg),while still othersaretidal debris(d 50
kpc,Z 0.257).

Gbmez(with BenjaminandCox, Physicson-
cludedthe developmentof a nev model for the
free electrondistribution in the galaxy basedon
a compilationof the publishedvaluesfor the dis-
persionmeasureof the pulsarswith an indepen-
dentdistancedetermination. Gbmezand Cox are
now studyingthe o w of the galacticISM into a
spiralperturbationpayingspecialattentionto sub-
structuregeneratedh thegaseousrmsandvertical
motioninducedby this o w. Amongotherthings,
they expectto nd how thenon-axisymmetricota-
tion curvein uencesthe measuredlistance®f the
ISM components.

Mathis, with Whithey andWood, is consider
ing the fractal natureof interstellarclouds. The
modelshave a heirarchicalstructureon large and
smallscalesTheradiatvetransporin suchmodels
differsconsiderablyrom singlescaleclumpy mod-
els. The importanceof cloud structureis shavn
by the depletionpatternsof heavy ions within the
ISM. MathisandWakker areconsideringH | emis-
sionasadiagnostiaf clumpingoverlargeangular
scales.Mathis wasinvolvedin the interpretations
of ISO ne-structureline obsenationsof ultracom-
pactH Il regions.

5 Extragalactic/ cosmology

Bamer is obtaining a more completecensus
of theenegy-producinggalaxiesandsupermasse
black holesin the Universe. Using X-ray, sub-
millimeter, and radio wavelengths,she has stud-
ied galaxiesand AGN that were previously hid-



den by dust and gas. With the ChandraX-ray
Obsenatory, shehasdetectebscuredsupermas-
sive black holesat the centersof galaxies. This
work was done principally in collaborationwith
Cowie (Hawaii), Brandt,Garmire,and Mushotzky
(GSFC),HornschemeiefPennState),and Bautz
(MIT). Sheled the study that madethe rst op-
tical obsenationsof sourcedoundin deepChan-
dradata,discoveringtwo new populationsoneas-
sociatedwith normal galaxiesand anotherassoci-
atedwith opticallyfaintgalaxies.Shealsodeduced
that about5% of optically bright galaxiesare X-
ray active at ary time andthusthatblack hole ac-
tivity lastsfor abouthalf a billion years. Barger
foundthatabout30%of blackholeactiity hasoc-
curredsincethe Universewashalf its presentage.
By combiningX-ray, optical, andradio data,she
was able to estimatethe accretionhistory of the
Universe. To further determinethe natureof the
X-ray sourcesBarger and studentStefen are an-
alyzing spectroscopiclataobtainedwith HYDRA
onWIYN of sourcesn awide-ared.ockmanHole
eld to be tagetedwith Chandra.This studywill
be complementaryo forthcomingfarinfraredob-
senations of the region with the Spacelnfrared
Telescopdacility. Bargeris Co-I onthe Chandra
DeepField North suney (Brandtof PennStateis
PI) that is obtaininga 2 million secondexposure
andwill bethedeepeskK-rayimageevertaken.It is
expectedo resolhefully theX-ray backgroundnto
its constituensourcesBargerandCowie (Hawaii)
will bedoingtheopticalandsubmillimeterfollow-
uponthis eld. BamgerandstudentHedrickaredo-
ing a submillimeterstudyof extremelyred objects
that are gravitationally lensedby threerich Abell
clusters.Theseobjectsmaybe extremelydustyob-
jects or high redshiftellipticals. The objectve is
to determinetheir contribution to the submillime-
ter extragalacticbackgroundight. Barger is also
examiningthe submillimeterpropertiesof faintra-
dio sources.

BershadyhascontinuedHST STIS, NICMOS
and WFPC surweys of intermediateredshift com-
pact, luminous, blue narrov-emission-linegalax-
iesin collaborationwith Guzman(U. Florida) and
Koo (UC SantaCruz). They aretrying to deter
minethecurrentstateandfuture evolution of these
sourcesandin particularif thesegalaxiescanfade
to becomepart of today's spheroidalyalaxypopu-

lation. As partof arelatedstudy Bershadycontin-
uesto studytheTully-Fisherrelationfor intermedi-
ateredshiftgalaxieswith collaboratordHaynesand
Giovanelli (Cornell), Mihos (CaseWestern)and
Koo. Recentresultsindicatesthat sourcesoutlying
thecanonicalotationspeed-luminosityelationare
preferentiallydisturbedsystems-asdetermineci-
therfrom theirimagestructureor velocity elds.
Andersencompletedhis Ph.D. researchBer
shadysupervisorpnWIYN imagingandDenseRk
spectroscopof nearlyface-ordisks.Hefoundthat
disksareintrinsicallyelliptic atthe5-10%level and
determinedhow thesepropertiescontritute to the
scatterin theobsened Tully-Fisherrelation.
Bershady Verheijen,Andersen,Wilcots, and
Swaters (JHU) are involved with commissioning
sciencewith thenew SparseBk ber integral eld
uniton WIYN (seelnstrumentationbelown). Their
sciencenbjectvesareto measureghemassof galaxy
disks by direct determinatiornof the stellarveloc-
ity ellipsoid, andto probethe ionized gasveloc-
ity elds in late-typeand low-surface-brightness
systems.Preliminaryresultsindicatemuch lower
disksmasseshanpreviously assumed.
Gallaghers researchcenterson de ning and
understandingphysical processesesponsiblefor
the evolution of galaxies, with an emphasison
lower masssystems. Theseare commonand in-
clude the satellitesof the Milky Way, allowing
detailed studiesto be made. A projectto de-
ne thestarformationhistory of the Large Magel-
lanic Cloud (LMC) from studiesof eld starcolor
magnitudediagramgCMDs)andmetalabundances
Is makinggood progresswith Smecler-Hane(UC
Irvine) andCole(UMass).TheLMC baris younger
thanthedisk, probablyappearingasadistinctcom-
ponent4-6 Gyr ago. A related WFPC2 project
led by Wyse (JHU) measurech normal eld star
massfunctiondown to 0.4 M, in the UrsaMinor
dwarf spheroidal. Studiesof Local Group dwarf
galaxy stellar populationscontinue,with an anal-
ysis of deepIC 1613 and Sex A WFPC2V and
| Iter obsenrationspartially completedunderthe
leadershipof Sahaand Dolphin (NOAO), Skill-
man (Minnesota),and Dohm-Ralmer (U. Michi-
gan).VLT spectroscop(with Tolstoy [Groningen]
and others)of the IR Call triplet in threenearby
dwarfs providesa glimpseof chemicalenrichment
patterns.The seniorthesisprojectof A. Maxham



(now U. lllinois), basecon CMDs from VLT imag-
ing by Tolstoy etal., givesfurtherevidencefor the
ubiquity of radial age/metagradientan the Cetus
and Aquariusdwarfs. Even small galaxiesare not
simple one-zonesystems.They have experienced
considerablgost-formatiorevolution.

For his Ph.D. thesis (Gallaghey supervisor),
Conseliceinquiredinto the natureand origins of
ubiquitousspheroidaddwarfsin clusters primarily
with theWIYN telescopeThekinematicsof dwarf
ellipticalsin the Virgo clusterof galaxiesare con-
sistentwith mostdwarfs enteringthe clusterafter
the formationof the E-galaxycore. Complemen-
tary photometricinvestigationsof the dwarf pop-
ulationsin the core of the Perseuglusterindicate
awide rangein color of fainterdwarfs, consistent
with suchgalaxiesbeing remnantsof larger eld
systemsthat were partially disruptedby interac-
tions asthey becamepart of the cluster This pro-
gramalsoyieldedspectaculaw/lYN imagesof the
systemof ionized laments andyoung starsasso-
ciatedwith thecentralPerseuslustergalaxyNGC
1275. A sunwey of Virgo dEsfor HI 21-cmline
emissionwith K. O'Neil (NAIC), shavedthatthe
expectedransitioncluster eld dwarfsseemo ex-
ist. However, the clusterdwarf origins problemis
not solved. New Keck obserationsby M. Geha
etal. (Lick) prove thatVirgo dwarfs are not rota-
tionally attened,aswould be expectedif they are
strippedremnantf eld spirals.

Gallaghercontinuestudiesof small eld galax-
ies, including an analysisof major axis kinemat-
ics with Matthewns (CfA). Theseare dark matter
dominatedsystemswith normal(i.e., high) speci c
angularmomentumcontent. New WFPC2images
of Hl-rich galaxieddetectedy HIPASS(H | Parkes
All Sky Surwey) allowedfor the rst timeameasure
of stellarpopulationpropertiesin this classof ob-
ject. Thisprogramwasled by Knezek(WIYN) and
involvedM. Disney etal. at Cardiff.

Gallaghersotherwork ontheevolutionof eld
galaxiesfocuseson the natureof their starlursts.
What typesof processesrigger suchevents,and
what are the evolutionary implicationsfor the re-
sultingstellarpopulations?n agreemenuith other
investigations his project, with Matthews (CfA),
Conselice,and graduatestudentHomeier shavs
thata rangeof interactionsjncluding minor colli-
sions,canproducestarhursts,especiallyin gas-rich

extremelate-type eld systems.

Gallagher with Calzetti (STScl) and her col-
leagues,is exploring processesvithin starlursts.
Smith(UC London)andGallaghemanalyzedchelle
spectrafrom the Herschel Telescopeas well as
WFPC2imagesof the luminous,60 Myr old su-
per star clusterM82-F. The datastrongly suggest
a de ciency of lower massstarsin this cluster
Another puzzlein M82 comesfrom the de Grijs
etal. WFPC2and NICMOS sunwy of the post-
starturst“B-region” in M82, wherecolorsindicate
thepresencef compactlusterswith agesof about
1 Gyr. Furtherstudiesof the M82 star clustersto
determingheagesandspatialpatternsareplanned
with a combinationof HST andground-baseab-
senations. The lifetimes of “clustersof starclus-
ters”andthe“starkurstsclumps”arekey factorsfor
understandinghe evolution of starlursts. Cluster
ageswithin thefavorablyorientedstarlurstclumps
of NGC 7673, being chartedby Gallagherand
Homeierfrom WFPC2imaging,shouldbeextended
to otherstarlurstssoon. This work builds on stud-
iesof clusteragepatterndn the smallerscalestar
burstgalaxyNGC 1569,andlessextreme(or more
advanced)casein NGC 4449, carriedout by Gal-
lagherin collaborationwith Hunter (Lowell) and
colleagues. This program contrastswith obser
vationsof starhurst regions within the centersof
galaxieghatis ledby CalzettiandherSTSclgroup.
WFPC2resultsontheM83 starlurstarcwill befol-
lowedby a similar investigationof the hot spotnu-
cleusof NGC 2903.

Hoessel,Bershady Saha(NOAO), Majewski
(Virginia), and Glenn (UW) have begun a long-
term, deepvariability surwey of intermediatered-
shift clustersusingthe WIYN telescopewith the
MiniMosaic CCD imager Second-epocbbsena-
tions were achiered for 75% of the target elds.
Photometricreductionsare yielding high-quality
color-magnitudediagramsfor galaxiesin the rest-
framevacuumultra-violet.

Reynolds, Haffner, and MadsenusedWHAM
to carry out a deepsearchfor Ha: emissionin the
planeof M 31. They detectedaint emissionoutto
theedgeof theH | disk, which extendsto aradius
twice thatof thestellardisk. Their obsenationsset
anupperimit of 1.6  10* photonscm—2 s~% onthe
intergalacticionizing ux within the Local Group.
They foundnoevidencefor anionizedgaseouslisk



extendingbeyondtheH | disk.

Otte, Gallagher and Reynolds obsenred the
[O 1l] 3727/Hx line ratio in a numberof edge-
on spiral galaxiesandfound evidencethat the ob-
sened variationsin the line ratio are due at least
in partto variationsin the temperaturef the emit-
ting gas. This suggestdhe existenceof an addi-
tional heatsourcewithin the diffuse ionized gas
that overwhelmsphotoionizationheatingat densi-
tiesn < 0.1 cm™3,

Savage, Richter Tripp (Princeton),Sembach
(STScl),Howk (JHU), andJenkinsg(Princeton)are
pursuinga programwith the Far Ultraviolet Spec-
troscopic Explorer (FUSE) and the SpaceTele-
scopelmaging Spectrograph{STIS) to determine
the physicalconditionsand numberdensityof the
recentlydiscoveredlow redshiftinterveningO VI
absorptiorine systemseenn thespectraf QSOs.
Five QSOshave beenobsened so far. At low
redshift,thesehighly ionizedabsorberapparently
containasmuchmatterasgalaxies.Six moreQSOs
will beobseredwith HST during2002,andfour of
themwith FUSE.Theline of sightto PG1259+593
is receving specialattention,sinceit providesin-
formation about abundancesand physical condi-
tionsin the high velocity cloud Complex C aswell
asthelGM.

To understandhe origin of the O VI systems,
onemustdetermindf the absorbersreassociated
with galaxies,galaxy groups, or other structures
alongtheline of sightto eachQSO.Fox and Sav-
agehave initiated a programwith the WIYN 0.9m
and 3.5mtelescopedo determinethe redshiftsof
galaxiesn the elds of the QSOsbeingstudiedby
FUSEandSTISaspartof theinterveningO VI ab-
sorptionline programdescribedabove. Theirwork
suggestshatthe O VI systemsareeitherassociated
with the halosof individual galaxiesor with gasin
thelargescalestructuredracedby galaxies.

Sparke and Erwin (Inst. Canariashave been
preparinga surwey of early-typebarred galaxies
with theWIYN telescopesearchindor signsof in-
nerbarsandothercentralstructuresTheseturnout
to be surprisinglycommon;abouta quarterof the
galaxieshave secondaryparsand aboutthe same
fraction have inner disks. NGC 2681 may be the
clearesexampleyetof agalaxywith threeconcen-
tric bars.Innerbarsappeato beorientedrandomly
with respecto theouterbar, andto have noassoci-

ationwith active nuclei. Gaseoustarforming nu-
clearringsarealsocommon,especiallyamongthe
S0 galaxiesin the sample. Three SO galaxiesap-
pearto have purely stellar nuclearrings, with no
evidencefor dustor recentstarformation.

Sparle andGallagherparticipatedn the Hub-
ble Heritage Projects high-resolutionmulticolor
imagingof thepolarring galaxy NGC 4650A,with
WFPC2. The unusualdisk-ring structureof po-
lar ring systemsmay be the remnantof a huge
galacticcollision, probablyat leasta billion years
ago. They areinvestigatingif the polar material
representghe shreddedremainsof a young gas-
rich galaxy ratherthan being originally the disk
of a normalspiralinto which the centralbody has
fallen.

Andrea Cox (Beloit College) spentthe sum-
merat UW-Madison.SheandSparle analyzeda-
dio obsenationsof polarring galaxieso show that
theseare no more likely to containan active nu-
cleusthanarenormalelliptical or SOgalaxies.Star
formationis probablythe sourceof theradioemis-
sion,butthesearenotstarlurstgalaxiestheirmod-
estratesof starbirthwill requireseveral gigayears
to exhaustthe availablecool gas.

Wilcots continuesto focus on understanding
the distribution andkinematicsof H | in the envi-
ronmentof galaxiesandthe symbioticrelationship
betweenstar formation, the evolution of massve
stars,andthe evolution of the interstellarmedium
in galaxies. NathanielDoanehasbegun working
on a PhD thesisseekingequvalentsto the Local
Bubble(theregion surroundinghe Sun lled with
relatively low-densitylSM) in otherspiralgalaxies.

UsingWIYN, Wilcots andThurow studiedthe
ionized gas in the starforming irregular galaxy
NGC4214.Theirresultsindicatethatstellarwinds
andsteepdensitygradientsan the cool ISM arethe
main drivers of the obsened out ows of ionized
gas. Similar work continueson Local Groupdlrrs
IC 1613andIC 10. They joined with Bothun (U.
Oregon) on a Fabry-Perosstudyof the ionizedgas
in NGC 1569.Wilcots & Hunter(Lowell) continue
their investigationof extendedH | aroundnearby
irregular galaxies. VLA andHIPASS (H | Parkes
All Sky Surwey) datashawv that while the Local
Group irregular Sextans A doeshave a very ex-
tendedH | disk, it is incrediblysmooth suggesting
thatSextansA hasyetto suffer any externalpertur



bation.

Wilcots, Zabludof (Arizona),vanGorkom (Co-
lumbia),andMulchagy (OCIW) continuetheirstudy
of theH | contentof poor groupsof galaxies.Re-
sultsfrom the VLA suggestan absenceof a pop-
ulation of intergalacticH | cloudsin thesegroups
andthattheH | masgunctionin poorgroupsis ex-
tremely at. Work continueson mappinganumber
of groupsacrossthe evolutionary sequencewith
both the VLA andthe Australia TelescopeCom-
pactArray. Wilcots and Pisano,Fabian, Wakker,
andKernaresearchindgor H | counterpart$so O VI
absorbtionline systemsin groupsof galaxiesus-
ing boththe VLA andthe Dominion RadioAstro-
physicalObsenatoryin PentictonB.C. A collabo-
rationwith MuehleandKlein (U. Bonn,Germary)
continuesvork onunderstandinghecomple rela-
tionshipbetweemmassve starsandthe ISM in the
post-starbrstgalaxyNGC 1569. The high resolu-
tion H | dataindicatethattherecentstarturstmay
have beentriggeredby arecentmeigerwith asmall
gasrich systemthetidal remainsof which arestill
visible aroundNGC 1569.

Undegraduatesvorking with Wilcots include
Prescott,mappingthe distribution and kinematics
of H | in the interactingpair of late type galaxies
IC 1727andNGC 672; Kern, workingon H | in
groupsof galaxiesGaal,investigatinghedistribu-
tion andkinematicsof H | in the Magellanicspiral
NGC 1507; and Swetz,modelingthe massdistri-
bution of NGC 4449.

In collaborationwith David Koo (UC Santa
Cruz),Kohulnicky publishedaspectroscopichem-
ical anddynamicalstudyof high-redshiftgalaxies.
With K. Johnson(U. Colorado),he continuedin-
vestigationof the youngesiphasesf massve star
clusterformation, and with Pisanoand Bershady
he completeda studycomparingthe 21-cmneutral
hydrogenandionizedgaskinematics.

Verheijen,in collaborationwith Van Gorkom
(Columbia),Wilcots, Dwarakanathand Poggianti
(Ramaninst), obtaineddeepHI imageswith the
VLA of galaxy cluster Abell 2192 at a redshift
of 0.2. Several galaxieswere detected settinga
new distancerecordfor an obsened HI emission
line. TheseVLA datawill becombinedwith Giant
Meter Radio Telescopdin India) obsenationsfor
increasedsensitvity. SupplementaWWIYN-Hydra
spectroscop shoved a clearseparationn redshift
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betweerthestarformingemissiorline galaxiesand
thosewithoutemissiorlines,suggestinghatagas-
rich clumpof galaxiess falling into themainbody
of this cluster The ultimate goal of this studyis
to understandhe evolution of the cold gascontent
andstellarpopulationsof gasrich galaxiesfalling
into a clusters gravitational potentialwell. Verhei-
jen, Zwaan(U. Melborne),andVan Dokkum (Cal-
tech)analyzedleepH | imagingVLA dataof Abell
1689at a redshiftof 0.18. No directdetectionof
galaxiesvereobtainedandfollow-up optical spec-
troscopy with WIYN-Hydra will beneededo pur-
Suea statisticaldetectionstrateyy.
Verheijen,Bershadyand Andersenhave been
analyzingthe commissioninglataof the new
SparseBk instrumenton WIYN. As a rst result,
the vertical stellar velocity dispersionof a nearly
face-ongalaxydisk hasbeenmeasuredt 3.5 disk
scalelengthsfrom the center Ha velocity elds
have beenderived for spiral galaxieswith a wide
rangein central disk surface brightness,signi -
cantly increasingthe possibilitiesfor studyingthe
kinematicsof low surfacebrightnesslisks.

6 WIYN, SALT, and Instruments

The Departmentis continuingin its interna-
tional partnershipin the SouthernAfrican Large
TelescopgSALT). UW is the secondargestpart-
ner in the consortium, after the governmentof
South Africa. SALT, an 11-meteroptical tele-
scopemodi ed from the Hobby-EberlyTelescope
(U. Texas and collaborators)design,is locatedat
the SAAQO site in Sutherland SouthAfrica, but it
will havealargercorrectedeld of view (8'), better
imagequality, larger pupil (11m),andanenlaged
prime-focusinstrumentpayload.Ground-breaking
occurredSeptembet, 2000.Firstlight is expected
in 2003/2004.

UW'sprimeresponsibilityfor theSALT project
is the designand constructionof the Prime Focus
Imaging SpectrograpliNordsieck,Pl). It will spe-
cialize in very high throughput,low and medium
resolution (R = 500 - 13000) spectroscop and
spectropolarimetryrom 3200to 90004, usingan
articulatedcameraandVVolumePhaseHolographic
gratingsand a double-etalonFabry-Perotsystem.
With a peakef ciency above 65%anda 3200A ef-
ciency above 30%, it will beuniqueamong or su-



periorto, existinginstrument®on 8-10mtelescopes
in the UV, in mediumresolutionspectroscop in
Fabry-Perospectroscop andin spectropolarime-
try. Importantcomponentsre beingdevelopedat
Rutgersand the South African AstronomicalOb-
senatory Theinstrumenwill becommissionedn
2004.

Andersonis the WisconsinPI for the construc-
tion of the Cassgrain InstrumentAdapterSystem
for the WIYN Telescopewhich will provide rou-
tine accesdor integral eld devicesaswell asuser
instrumentdo the Cassgrainf/13.5focus. It pro-
videsacquisitionandguidingsignalsaswell ascal-
ibration sourcebeams. It is expectedto be inte-
gratedinto the WIYN systemin the rst half of
2002.

Bershadyand Andersenhave completedand
installed an NSF-funded ber integral eld unit
(“Sparselk”) for WIYN, built at Wisconsin. The
instrumentis currently in commissioningphase,
with obsenationsandanalyisbeingconductecby
Veheijen,former undegraduateHarker, Bershady
and Wilcots. A secondintegrated eld unit ca-
ble (“"HexPak”) for the Hobby Eberly Telescopes
MediumResolutionSpectrograpis completecand
awaitsinstallation. Thesdanstrumentsareuniquein
their high deliveredetendug7-10 m? arcseé) and
spectralresolutions(up to R = 21,000). They are
designedor studyof the dynamicsof spiral disks
of externalgalaxies.

Under the guidanceof Mathieu, the WIYN
Obsenatory, in collaborationwith a suite of part-
ners, took over operationof the Kitt Peak0.9m
telescope A completerenovation of the telescope
driveandcontrolsystermnis comingto completionn
Fall 2001.Thetelescopevill bededicatedo wide-
eld imaging with a 2048 CCD and the KPNO
Mosaiccamerawith emphasesn time-dependent
astrophysicsand undegraduateand graduatere-
searchprograms.

An advancedow-coststartracker, the ST5000,
wasbuilt by Percval, JaehnigMichalski,andGabelt
of the SpaceAstronomyLab. It provides pitch,
yaw, androll controlfor soundingrockets,andcan
alsodoafull attitudedeterminationwithoutgyros,
from the positionsof a few starsfor both sounding
rocketsandsatellitesn only afew secondsTheat-
titude determinatioralgorithmwastestedsuccess-
fully in arooftoptest,andtheunitwill be o wnon
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asoundingocket payloadin Decembe001.

Nordsieckshalfwave polarimete(HPOL)was
on the 0.9m telescopeat Pine Bluff Obsenatory.
HPOL obtained256 obsenationsof 101 distinct
targetsover the courseof 96 nightsbetweerOct 1,
2000andSept30, 2001. Speci ¢ areasof interest
areinteractingbinaries,Be stars,ISM probes AG
Dra, AeBestarsandLRV stars.Broadbandgolari-
metric resultsof HPOL obsenationsarelisted on
the HPOL website:www.sal.wisc.edu/HPOL.

Savageis aCo-InvestigatoontheScienceleam
of the CosmicOrigins Spectrograp{COS),to be
installedin theHubbleSpaceTelescopen 2004(J.
Green,U. Colorado,Pl.) COSis a high ef ciency
spectrographdesignedto operatebetween1150
and3200A with a spectralresolutionof 20,000.
In the farUV, COSis 15 times more ef cient
than the SpaceTelescopelmaging Spectrograph.
COSwill be usedfor a wide rangeof studiesof
faint galacticand extragalacticobjects. Savages
studieswith COSwill emphasizehe highly ion-
ized gasfound in QSO absorptionline systems.
Similar O VI absorptionline systemsat low red-
shift maycontainasmuchmatterastheentirelocal
populationof galaxies.

7 Publications

This sectioncontainsonly publicationsin ref-
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ings.
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