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The following report covers the Department activities analyzing some recently obtained spectra of SS 433, while
from July 2000 through June 2001. Carolyn has begun a project studying the young star forming
region M17 in red-optical spectra.

1. PERSONNEL

At the University of Cincinnati, research in astrophysics2. RESEARCH
can be broadly characterized as the investigation of youn
stellar systems and their environment, primarily at infrare
wavelengths. The astrophysics faculty consists of Margaret Hanson’'s long awaited near-infrared survey of ultra-
Hanson, whose major research interest centers primarilgompact HIl regions, in collaboration with K. LuhméHar-
around near-IR studies of young, massive stars and their cikard, CfA) and G. RiekgSteward Observatoyywas finally
cumstellar and nebular environment, and Michael Sitko, wha@ompleted in Spring 2001, and was accepted for publication
works largely in the field of dusty disks surrounding youngin The Astrophysical Journal, Supplements, January 2002.
intermediate-mass and low-mass stars. Dr. Matthew Kenworthis survey of 63 radio selected regions is the first of its kind
thy joined the group in November 2001, hired under theto have studied a significant number of sources in a system-
auspices of Hanson'’s recent NSF CAREER award. Kenworatic way to make statistical claims about the detection limit
thy’s expertise is in adaptive optics, infrared photometry, andf such sources, and the utility of developing near-infrared
astronomical software and hardware. nebular analysis for such sources. Approximately half of the

During the past year Hanson has supervised research bgdio-selected sources were detected iy Bmission, and of
graduate student Uswatte Hemamala, who completed héhose, nearly half were detected in Heallowing the tem-
master’s thesis in the Summer of 2000 and is now pursuing perature of the central ionizing object to be estimated. In
PhD at the University of Missouri, Kansas City. Graduatethree sources, the central ionizing source was directly re-
student Ryan Culler, who was also active in the astrophysicgealed using follow up high-resolution near-infrared spec-
group, completed his master’s degree in June 2001 and tsoscopy at the Multiple Mirror Telescope.
now teaching astronomy as an adjunct professor at The Col- Hanson is finishing up a 2-year collaboration with T. Wil-
lege of Wooster. This year Sriyani Jayatilleke began graduatson, director of the Sub-Millimeter Telescope Observatory, to
research work with Hanson, studying the young, massivetudy the extensive molecular cloud associated with the
galactic clusters, W51 and W49 using near-infrared spectrgioung star forming region, M17. In this study, Hanson and
She is also helping Prof. Hanson with a project to develop/Nilson have mapped a 1% 23’ region adjacent to the cen-
near-infrared quantitative analysis of early-B supergiantstral OB cluster of M17, in ¢80 J=2-1 and CS &3-2 and
Soon she will begin a study of the surface chemical abund=5-4. The study concentrated on two large molecular
dances of early-B stars throughout our gala@®@rof. Kim  clouds, Cloud A to the north, and Cloud B to the southwest.
Venn, of Macalester College, MN, is a co-advisor on thisOver 40 cloud cores have been identified. Most have never
projecy. been previously cataloged. The effect of the local OB cluster

A number of undergraduate students are also actively inis heating and strongly compressing Cloud B, reflected in the
volved in research at the University of Cincinnati. Amandalarge number of very young massive stars being formed
Bauer spent time investigating the photometric characteriswithin. Cloud A, while less effected, may have some associ-
tics of an SBIG ST-8 CCD camera that has been shipped tated star formation.
the Perth Observatory in Australia. She is also reducing BRI As part of a program supported by a grant from NASA's
photometry from this camera of selected Herbig Ae/Be star©rigins of Solar Systems program, Sitko is collaborating
and T Tauri stars observed simultaneously with the Spacwith D. Lynch and R. Russe|lThe Aerospace Corporatifin
Telescope Imaging Spectrograph on the Hubble Telescope end C. Grady[STIS Instrument Group, NOAO/Goddard
a program headed by Carol Graf)§TIS Instrument group, Space Flight Centérin a survey of the mid-IR3-14 wm)
NOAO/Goddard Space Flight CenieShe has spent the past spectral characteristics of dusty protostellar disks. The spec-
two summers working on spectral classification for the Sloarral features observed provide valuable clues about the
Digital Sky Survey at Fermilalsupervised by Dan Vanden chemical composition and thermal history of the dust grains
Berk]. in these disks. Because of their generally higher brightness

Lara Mercurio is working with Hanson on near-infrared levels, the project has focused mainly on Herbig Ae stars
spectra of CI Cam. She will be looking at how the emission(intermediate-mass PMS starand is only just beginning to
lines in CI Cam have evolved since a high energy outburspush to the fainter IR flux densities typical of the T Tauri
occurred 2 years ago, and investigate if in studying thestars (lower-mass PMS starsObservations are being ob-
changing conditions of Cl Cam, she can discern the nature dhined using the Aerospace Corporation’s Broad-band Array
the compact object. Spectrograph SystefBASS) on NASA's Infrared Telescope

In the summer of 2001, Carolyn Eglet and Melodie Fick- Facility (IRTF). Although the survey is not yet complete,
enscher joined Hanson’s massive stars group. Melodie isome of the data has already been analyzed and published.

.1 Young Stars and their Environments
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Most recently, mid-IR spectra of three members of the TWmay be possible to place constraints on the chemical compo-
Hydrae Association, the nearest known PMS star groupingsition of the disks.
were obtained. Included in this study were HR 4796A, HD Laboratory studies can also provide important information
98800, and TW Hya itself. In spite of the fact that all threeabout the thermal processing history of the grains in these
stars have the same age and were formed in the same mdisks. Sitko is working with J. NuthGoddard Space Flight
lecular cloud, their spectral characteristics are quite differentCentet and J. BradleyMVA, Inc.] on a project to study the
TW Hya possesses a strong silicate band, HD 98800 a somehange in spectral characteristics of silicate condensates as
what weaker one, while HR 4796A has only a slight excesshey anneal at high temperatures. One of the most puzzling
at these wavelengths. None has significant disk emission atspects of the study of cometary dust is the presence of the
wavelengths shorter than8m, indicating that the inner re- crystalline olivine feature at 11.2m. It is seen in comets,
gions of the disks are cleared of dusty material. Detailed/et is absent in the spectra of interstellar dust, the raw ma-
modeling of the entire spectral energy distributi®ED) of  terial from which the solar system formed. Where did it
TW Hya has been done in collaboration with a team led bycome from? In simulations using silicate condensates, tem-
N. Calvet [Harvard-Smithsonian Center for Astrophydics peratures above about 800 K are generally needed to allow
The SED indicates that an optically thick disk extends to atamorphous silicate material to anneal into a crystalline form.
least 140 AU from the star, and the dust within it must haveYet the gaseous composition of comets indicates that they
grown to sizes on the order of 1 cm. Inside 4 AU, the disk iswere never warmer than a few tens of Kelvins. In order to
optically thin, and this region must contain a sufficient popu-place grains heated to 800 K into material that has remained
lation of grains on the order of Lm in size in order to very cold would suggest that material in the warm innermost
produce the observed 10m silicate emission band. parts of the protosolar disk must have been transported out-
ward and redeposited in the comet-forming region. The de-

tails are unclear, but a disk wind may be implicated.
2.2 Solar System

In order to place the mid-IR spectra of the dusty disks2-3 Stellar Astrophysics

surrounding young stars within the context of the formation  sjtko worked with D. Lynch and R. RussdlThe Aero-
of the best-studied solar systeiwur own), Sitko is collabo-  space Corporatidnin their project of obtaining and analyz-
rating with D. Lynch and R. RussélThe Aerospace Corpo- jng BASS spectra of Nova V455 Pup. The spectrum revealed
ration] in their long-term program of observing solar systemonly a smooth, featureless continuum that decreased mono-
comets at mid-IR(3-14 m) wavelengths. Because comets tonpjcally with increasing wavelengths between 3 and 13.6
represent the most primitive and least processed remnants ﬂfm_ Its slope was much shallower than the Rayleigh-Jeans
the formation of the solar system, the study of their compo+aj| of a black body. The spectrum was consistent with ther-
sition is most directly relevant to the early stages of formaoma| emission from gray(constank-emissivity dust whose
tion on both our own solar system and the first few million temperatures ranged from around 280 K to upwards of 1300
years of young protostellar disks. In January 2001, they obg . The presence of such strong IR continuum emission so
served Comet C/1999 T@McNaught-Hartley using BASS  early after the nova’s outburst may suggest that this object
on NASAs IRTF. This comet exhibited a silicate emission has undergone previous outbursts.
band in the 10um region about 15 percent above the con-  Hanson has begun a five-year collaboration with Joachim
tinuum level. The general shape of the silicate band wap|g (University of Munich to develop a method for quan-
trapezoidal, similar to that seen in many other solar systemjtative spectral analysis for massive stars which depends
comets, and included the 11.2m feature due to crystalline solely on near-infrared spectra. The motivation for this pro-
olivine. gram, which is sponsored by an NSF CAREER award, is to
Sitko is collaborating with J. BradlepMVA, Inc.] in a  ajllow them to quantitatively study massive stars through out
project to study the spectroscopic properties of interplanetanhe entire Galaxy, with extinction as high as tens of magni-
dust particleIDPs) of presumed cometary origin. Labora- tydes in the optical. Puls is extending his highly sophisti-
tory studies of these particles provide a degree of “grounctated, non-LTE, unified model atmospheres developed for
truth” in our understanding of the chemical composition of the Uv and optical to the near-infrared. Hanson has been
the protosolar nebula, and by inference, young protostellagptaining very high-resolution, near-infrared spectra of well-
disks. X-ray spectroscopy of the particles provides an invengnown, optically visible stars, to use as the first standards
tory of the atomic species present in the IDPs, from whichang to calibrate the method. Data for this purpose has been
the grain mineralogy can be deduced. IR spectra are thephtained at the 8.2-m VLT2 using the ISAAC spectrometer,

obtained in order to connect the mineralogy to a spectrajnd will soon be obtained using the 8-m Suburu telescope
signature. Most recently, the bright narrow beam of the synysing IRCS.

chrotron light facility at the Brookhaven National Laboratory
was used to cqllect IR spectra on these IDPs. The spectra awe, X-ray Binaries and Variable Stars
found to be quite complex, and can vary from place to place

within a single IDP. For some IDPs, the net spectrum of the Hanson has continued her studies of variable stars and
entire grain resembles that of young protostellar disks. Irbinaries in the past year, most recently completing an analy-
other cases it does not. By comparing data on a large numbsis of G79.29-0.46 star, and obtaining new high resolution
of particles of varying composition with protostellar disks, it near-infrared spectra of two new sources: CI Cam and SS
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433. M. Krauss(Harvard-Smithsonian, CfAand Hanson IRAS 13349+2438 compared to the continuum suggests that
completed a comparative near-infrared analysis of the newlyhe scattering grains are interior to, or mixed with, the nar-
identified central blue star found at the center of the sphericalow line gas.

radio remnant, G79.200.46. The nature of this star has

been difficult to surmise because of the high line of sight

extinction, Ay~14. The nebular morphology of G79.29

+0.46 suggests it was cast off by the central star, suggesting

it to be a Luminous Blue Variabl¢LBV). They obtained PUBLICATIONS

high-resolutionH — and K—band spectra of G79.29.46 The publication list includes all papers published or sub-

star, along with identical spectra of the prototypical sphericalyitted between July 2000 and June 2001 by the permanent
winded LBV, P Cygni, and the non-spherical, flat-winded

emission line object, MWC 349. Spectral similarities of
G79.29+0.46 star were found with both P Cygni and MWC
349, as well as the LBV HR Car. While spectral similarities

are not appropriate for use in identifying LBV stars, G79.29 Calvet, N., D'Alissio, P.. Hartmann, L., Wilner, D.. Walsh,

+0.46 star appears to be one of this very unique class. . e .
Hanson has recently completed a multi-year observationéal‘" andsitko, M.L., 2001, Ev@ense for a Developing Gap
campaign to observe the slow variation of spectral and conl @ 10 Mry Old Protc_)stellar Disk,” ApJ, in press.
tinuum features of the outburst star, ClI Cam, also known as Hanson, M.M., ‘}NI|SOI’], T.L., Muders, D., a_nd Hema-
XTE J0421+560. This transient X-ray source was first de- Mai2; U-L., 2000, "A tale of two Cloud Cores in the M17
tected by RXTE on 1998 March 31, and it was soon conGMC,” BAAS, 197'0_518' .
firmed that the Be] star CI Cam is the optical counterpart,  Hanson, M-M., Still, M.D., and Fender, R.P., 2000, “Or-
probably the mass donor for a compact object. High-Pital Dynamics of Cygnus X-3,” ApJ, 541, 308.
resolution near-infrared spectra obtained in October 1999 Hanson, M.M., Luhman, K.L., and F-ileke,- G.H., 2002,
and October 2000 found the strong spectral lines seen af* Survey of Ultra-Compact HIl Regions in the Near-
outburst to have been entirely engulfed in excess infrarednfrared,” ApJ Supps, in press.
emission. Also seen is a clear steepening of the near-infrared Hanson, M.M., 2001, “Spectroscopy of the ionizing
continuum through thél — andK — band. It appears that the sources of UC Hlil regions,” Proceedings of the IAU XXIVth
entire binary system has now become enshrouded in an efeeneral Assembly, JD3, “Massive star birth,” in press.
panding dust shell. Hill, H.G.M., Grady, C.A., Nuth, J.A., lll, Hallenbeck,
Hanson and R. FendeiJ. Amsterdam recently com- S.L., andSitko, M.L., 2001, “Constrains on Nebular Dy-
pleted a near-infrared spectroscopic study of the very welhamics and Chemistry based on Observations of Annealed
known X-ray binary system, SS 433. They obtained unprecMagnesium Silicate Grains in Comets and Disks Surround-
edented observations in June 2000: high-resolution, neaing Herbig Ae/Be Stars,” Proc.Nat.Acad.Sci. vol. 98, issue 5,
infrared spectroscopy of SS 433 for a continuous 13 nights gip. 2182-2187.
the University of Arizona’s Bok telescope. This covered the Hines, D.C., Schmidt, G.D., Gordon, K.D., Smith, P.S.,
entire orbital period of the binary system. While the analysiswills, B.J., Allen, R.G., andSitko, M.L., 2001, “HST UI-
has only begun, working with M. StillEcGSFC/NASA, they  traviolet and Ground-based Spectropolarimetry of IRAS
find strong evidence of sinusoidal motion in the trailed specQSOs: Dusty Scattering in Luminous AGN,” Ap363 512.
tra, indicating they may be detecting the orbital motion of the Hines, D.C., Schmidt, G.D., Gordon, K.D., Smith, P.S.,

Biscaya-Holzbach, A., Calvet, N., Rieke, Gdanson,
M.M. and Luhman, K., 2002, “The CO Emission Phase in
Young Stellar Objects,” ApJ, submitted

binary system. Wills, B.J., Allen, R.G., andSitko, M.L., 2001, “HST Ul-
traviolet and Ground-based Spectropolarimetry of IRAS
2.5 Extragalactic QSOs: Dusty Scattering in Luminous AGN,” BAAS,

Working with a team led by D. Hines, Sitko continued his 198.7408. .
(now infrequent research activities in extragalactic as- _ Kaper, K., Comeron, F., andanson, M.M., 2000, "VLT
tronomy with a spectropolarimetric study of the two IRAS- ISAAC spectroscopy of young massive stars embedded in
selected QSOs, IRAS 13342438 and the BALQSO IRAS ultra-compact Hll reglor?s’.’ Kaper, Comeron, Hanson, 2001,
14026+4341. These two objects were observed using th&SO Workshop: The origin of stars and planets - The VLT
HST Faint Object Spectrograph in the polarimetric mode at/iew.
ultraviolet wavelengths, complemented at longer wave- Kaper, K., Comeron, F., andanson, M.M., 2000,
lengths with ground-based spectropolarimetry. The polariza-Probing the young OB stars in ultra-compactiHegions”
tion of both objects rises rapidly toward the blue, peaks nead3rd ESLAB Symposium, Star Formation from the Small to
3000 Angstroms in the rest frame, and remains nearly conthe Large Scale.
stant for shorter wavelengths. The rest frame optical polar- Krauss, M.,Hanson, M.M., and Voors, R.H.M., 2000,
ized flux density spectra also increase rapidly toward théHigh-Resolution J, H, and K band Spectroscopy of the Lu-
blue, but then decrease dramatically below 3000 Angstromgninous Blue variable Candidate in G79.29.46,” BAAS,
This distinctive wavelength dependence of polarized flux197.4412.
shows that the polarization is produced by dust scattering. Lynch, D.K., Russell, R.W., an8iitko, M.L., 2001, “3-14
The lower polarization of th¢O 111] A\A4959,5007 lines in  um Spectroscopy of Nova V445 Puppis,” AlI22, 3313.
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