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This report covers the period 1 July 1998 to 30 June 19993. RESEARCH
3.1 Stellar Astrophysics

Continuing spectroscopic monitoring programs at Ritter
Obs. that are not described below concern: binary stars, Her-
1. PERSONNEL big Ae/Be stars, A-type shell stars, and UU Herculis-type

During the report period, Anatoly Miroshnichenko re- siars. In support of the XMEGA collaboration, led by M. F.
joined the department as a postdoctoral research associat@rcoran (NASA/Goddard, Ritter Obs. obtained high-
working with K. Bjorkman. Min Yan was a postdoctoral resolution spectra of Ori concurrently with ASCA observa-
research associate with Federman. Aziz Majeed, an astrggns of the system at both periastron and apastron. S.
physics placemer_n student from thg Univ. of Hertford_s_hire,MarChenko(U_ Montréal) is leading the effort of preparing
spent 10 months in the Center. Mulliss accepted a position ghe collaboration’s optical observations for publication.

Ball Aerospace. The permanent staff was unchanged. J. Bjorkman and K. WoodHarvard CfA continued to

Students involved in astronomical research were: U“derdevelop 3-D continuum radiative transfer techniques using
graduates Will Fischer, Darren Hojnacki, and Goldie Sum-\ionte Carlo simulation. Not only is the team now able to
mers; and graduate students Brian Abbott, Bruce Cantogetermine the radiative equilibrium temperatures of complex
Brian Friedmann, David Knauth, Ivaylo Mihaylov, Christo- circumstellar environments, they are also beginning to in-
pher Mulliss, Kaike Pan, Kathy Shan, Tracy Smith, Larissac|yde ionization equilibrium in their calculations. This will
Spiker, and Janos Zsarg¥isiting NSF REU undergraduate enaple studies of the ionization structure of the Galaxy and
students were, during the summer of 1998, Jennifer Bensopyestigations of the re-ionization of the early universe.

(Buena Vista Univ. lowaand Eric Higgs(Xavier Univ), In addition, J. Bjorkman continues to work on calculating
and, during the summer of 1999, Nikole Howaktforcester |ine profiles in aspherical circumstellar envelopes, with the
Poly,), and Kyle Westfall(U. Virginia). aim of refining current determinations of the mass-loss rates

from hot stars(in collaboration with K. Bjorkmahp As part
of this program, Mihailov has developed a Monte Carlo line

2. OBSERVATORY synthesis code for calculating resonance-line profiles in com-

Ritter Obs. is now employing both thecleelle and the plex aspherical, non-monotonic velocity fields in the out-
Low-Dispersion SpectrograpfLDS) concurrently. A new flows from hot stars. In order to compute accurate line pro-
optical fiber feed from the Cassegrain focus of the 1-m telefiles, it is also necessary to determine the ionization
scope to each spectrograph has been installed, and tldéstribution within the stellar wind. For his M.S. thesis
Wright Instruments cameras are daisy-chained on the signgiroject, Abbott modified J. MacFarlane(Prism Computa-
line to the data acquisition PC. Switching cameras is quickltional Sciences spherically symmetric NLTE ionization
accomplished with a few commands to the Wright Instru-code to use the density and velocity of the Wind Compressed
ments software. Disk model of a rotating stellar wind. These 2-D ionization

With the two spectrographs, which are operated over dractions were used by the Monte Carlo line profile code to
broad range of the spectrum, four different wavelength calicalculate the line profiles for rotating winds.
bration lamps must be available at the input ends of the fiber J. Bjorkman is working with R. Ignace, M. Hendry, and J.
feeds. To enable selection of the needed lamp, Burmeist&@immons (Univ. Glasgow on determining the effects of
designed a housing with sockets for six lamps arrayedjravitational microlensing of extended sources. Preliminary
around a rotatable central turret. A 45° mirror atop the work indicates that microlensing an AGB star would produce
turret selects the desired lamp when the observer commandbservable spectroscopic line profile and linear polarization
it into position, either manually or by computer control. signatures that would aid in diagnosing the properties of both

The 1200X 800-pixel CCD camera system that was re-the lensing object and the extended circumstellar envelope.
ceived from Wright Instruments Ltd. in November 1992 pro- K. Bjorkman, in collaboration with Miroshnichenko, con-
vided another trouble-free year for thehelle spectrograph, tinued the analysis of ultraviolet spectropolarimetric obser-
and the older 400< 600-pixel camera was used with the vations of Oe/Be, Be], and Herbig Ae/Be stars obtained
LDS. During the report period, 716 stellar spectra were obwith the WUPPE instrument aboard the Astro-2 space shuttle
tained on 90 nights. Most of the observations were madenission. The UV observations are combined with contempo-
with the standard K grating setting of the @helle spec- raneous optical observations for complete spectropolarimet-
trograph, where the spectral coverage consists of 9 disjoinic coverage from 1450 A to 1.0mm.
70-A regions in the yellow and red, and with a wide slit that ~With Wood, Bjorkman and Bjorkman have developed
yields a spectral resolving pow& = 26,000. In dual op- techniques for analyzing the structure of circumstellar disks
eration mode, some test exposures were made with the LD&ound classical Be stars using continuum spectropolarim-
in the Ha region with a resolution of about 1 A. etry. From optical observations obtained with the Halfwave
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Polarimeter(HPOL) at the Pine Bluff Obs.(PBO), they  Bjorkman and Bjorkman are beginning a new collaboration
showed that the disk structure can be well constrained by theith Whitney to modelHST observations of the luminous
polarization data. Recent work includes refinement of alue variable staw Car.
method for estimating the average disk temperatures of Miroshnichenko, Mulliss, K. Bjorkman, and Morrison, in
Oe/Be stars from the polarization line blanketing in the UV.collaboration with Yu. Glagolevskij and G. Chunton(8pe-
Preliminary studies by Summers and K. Bjorkman indicatecial Astrophys. Observ., Russi@btained nearly 20 high-
that such temperatures may also be derived from the opticaésolution spectra of the bright Herbig Be star HD 200775.
data, provided that the data are of high enough resolution anfinalyzing long-term data on its & line equivalent width,
signal-to-noise ratio. they found that the variations have a period of 1345 days.

K. Bjorkman continued a spectropolarimetric survey of With R. Gray(Appalachian State Uniy. S. Vieira(Univ.
Herbig Ae/Be and T Tauri stars using the HPOL instrumentBelo Horizonte, Brazj, K. Kuratov (Fesenkov Astroph.
at PBO and at the WIYN observatory at Kitt Peak. Addi- Inst., Kazakhstanand Yu. BergnefPulkovo Obs), Mirosh-
tional observations were obtained in March 1999. Othemichenko completed the first accurate spectral classifications
work on the Herbig Ae/Be stars by K. Bjorkman includes anof nine recently recognized Herbig Ae/Be candidate stars.
ongoing collaboration with C. GradfGSFQ and M. Sitko  Near-IR excesses were discovered in AS 116 and BD
(U. Cincinnat) to investigate the nature of the circumstellar +11°829. Algol-type variability, which is not common in
envelopes around these stars using ultraviolet, optical, anderbig Ae/Be stars, was detected in MQ Cas and V1012 Ori.
infrared spectroscopy, and UV and optical spectropolarim- Miroshnichenko’s studies of the dusty envelgpes of Her-
etry. big Ae/Be stars continued. In collaboration with Kezic

K. Bjorkman, in collaboration with M. MeadéU. Wis-  (Princeton Univ). and D. Vincovicand M. Elitzur(Univ. of
consin, continues to work on an atlas of spectropolarimetricKentucky), he proposed a model for envelope-embedded
observations of Be stars based on 1989-1994 observatioulisks that seems to reconcile conflicting conclusions regard-
from PBO. A preliminary version of the Web-based portioning the dust geometry in these objects. Detailed radiative
of the atlas was presented at IAU Colloguium 198 in Jundransfer calculations based on this model successfully fit the
1999. Analysis of the database will be used to investigate thdata from UV to mm wavelengths and show that the disks
nature of variability in Be star polarization and its implica- have central holes. The model also provides a natural reso-
tions for disk models. lution of some puzzling results of IR imaging.

D. McDavid (Limber Obs) is working with K. Bjorkman, In collaboration with P. Corporon(Univ. Montreal),
J. Bjorkman, and A.T. OkazakiHokkai-Gakuen Uniy. to Miroshnichenko obtained and analyzed photometric varia-
investigate whether contemporaneous observations ®f Htions and high-resolution spectra of thgeBstar MWC 342
V/R spectral variations and polarization levels in classicaland suggested that this object is likely a binary system with
Be stars can be used as a test of models for disk structure. mcompact companion. Together with T. Sheikifrasenkov
particular, predictions of the one-armed spiral density waveAstrophys. Inst., Kazakhstarthey presented a poster at the
model are being tested for the stdrau and 48 Lib, using 194th AAS Meeting suggesting that properties of a group of
data from Ritter, Limber Obs., PBO, and the literature. Ben-11 galactic Be] and related stars may be explained by this
son contributed to this effort in July 1998, and Summers irhypothesis.
June 1999. With K. Kuratov, T. Sheikina and D. Mukand¥esenkov

Spiker and K. Bjorkman continued their research on theAstrophys. Inst., KazakhstanMiroshnichenko carried out a
mass-loss rates of B stars. Spiker’'s M.S. thesis will discusphotometric and spectroscopic study of a suspected luminous
efforts to account properly for the underlying photosphericstar, LSi +22°8, and concluded that it is a classical Be star.
line blanketing in estimating mass loss from UV wind lines; Miroshnichenko and K. Bjorkman, with D. McDavid.im-
preliminary indications are that photospheric line blanketingber Obs) and T. Pogroshevésternberg Astron. Inst. stud-
can be responsible for a number of significant features in theed the behavior of the classical Be star Aqr during a
wind-line profiles, and so should be considered when mearecent episode of disk loss and re-determined its fundamental
suring wind velocities and estimating mass-loss rates. parameters: lod/Leo) = 4.1 = 0.3, T = 24000

K. Bjorkman, in collaboration with J. Hoffman and K. = 1000 K, logg = 3.9 £ 0.1,M, = 11 = 1.5Mg.
Nordsieck(U. Wisconsin, is investigating the circumstellar Miroshnichenko and K. Bjorkman cross-correlated the Be
envelope of the interacting binary systedrLyr using spec- star catalog with the IRAS Point Source and Faint Source
tropolarimetric data from PBO along with high-resolution catalogs, selected 24 objects with IR fluxes not consistent
spectroscopic data from Ritter Obs. Both the Hrofile and  with those expected from free-free or photospheric radiation,
the level of the broadband polarization show clear depenand analyzed IRAS high-resolution images of these objects.
dences on orbital phase. Monitoring of the star is continuingNine of them either are very extended or show no concen-
at both observatories, and analysis of the combined data tsation on the star’s position, and their excesses are probably
underway. due to infrared cirrus emission. The remaining objects were

In other new collaborations, K. Bjorkman is part of a found to have point-like or marginally extended images at
team, led by Wood and including B. Whitnd$pace Sci- least in 3 of 4 IRAS bands, which may be due to radiation
ences Insj.and S. Kenyor(CfA), that is planning to use the from circumstellar dust formed early in the evolution of the
adaptive optics system at Mt. Wilson observatory to imagestar. It is proposed that some intermediate-mass stars retain
the circumstellar envelopes of pre-main-sequence stars. Alsprotostellar dust through the classical Be star stage.
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Morrison continued to work with Fischer on a study of terials upon particle size when in the nanoparticle regime. It
variability in the Hx profile and in the radial velocities and was found that the quantum efficiency for Extended Red
equivalent widths of photospheric lines in 6 Q&3 la™). Emission(ERE) generation by these particles must be near
Analysis of the approximately 25 spectra shows definite vari100%, if existing abundance constraints for Si are to be met.
ability in all these quantities but no clear periodicity. In gen-No structures due to silicon nanoparticles are to be expected
eral, the absorption and emission strength and velocitydn H in the UV extinction curve.
remain roughly constant during one observing season but With Majeed and T. BorosofKPNO-Gemin), Witt ana-
change dramatically from season to season. The data set ilyzed long-slit spectra of the Evil Eye galaxiGC 4826,
cludes several episodes in whichwt$howel a a more rap-  covering the spectral range 500-950 nm. Evidence for ERE
idly varying discrete absorption component superimposed ovas found in the light emanating from the prominent dust
the usual P Cygni profile. With E. Chentsd®pec. Astr.  |ane across the bright bulge of this galaxy.

Obs), Fischer and Morrison plan to combine existing obser- |n collaboration with K. Gordor(LSU), Witt completed
vations in order to construct a more densely spaced timéne second paper in a series on multiple scattering in clumpy
series of spectra. ) media, this one dealing with radiative transfer in galactic

Fischer also studied seven Rittechelle spectra of HD  enyironments. In addition to providing very extensive and
223960(A0 la™), which is very unusual among A-type su- detailed numerical model data, this paper discusses in par-
pergiants in that all available spectra show a double-peakegtylar the effects of internal dust on the UV spectral energy
Ha emission profile. Since our spectra show no radialgistribution of starburst and Lyman-break galaxies. Witt also
velocity variability in the photospheric lines at the completed an invited review paper on small and very small
+ 2 kms ! level, a binary model for this star is not indicated. jnterstellar grains, to be published in J. G. R.—Space Sci-

Hojnacki began to study the ddvariability of 9 Per(A2  opce.
la) in 21 spectra taken during the years 1993-1998. Like | collaboration with Smith and Gordon, Witt investigated
some other late B- and early A-type supergiants, this stappservational constraints on the efficiency of the ERE and
occasionally shows enhanced absorption in the blue wing Ofe related issue of the origin of the ERE. Observationally
Ha. The interval between episodes varies from star to stalgerived minimum quantum efficiencies vary widely with ra-
in this star, it appears to be about one year, since an episodgation environment, being highest in locations with very
occurred on about the same date in each of the five observingy, photon densities and moderately hard radiation fields.
seasons included in the data set. Current interpretations favgf,is and other observed characteristics of the ERE point to-
a density or an ionization structure in the stellar wind that is,arq an origin in small clusters that need UV photons for
carried in and out of view by the star's rotation. Longer andege excitation but are subject to destruction through multi-
more densely spaced series of observations are needed §f,n absorptions taking place during a single cooling time

order to determine whether the phenomenon is truly periodicsq5|e  sjlicon nanoparticles in the 1—5 nm diameter range are
Morrison collaborated on a study of the long-term SPeC-aycellent candidates

troscopic and photometric variability of P Cyg(B1 la*) In collaboration with Gordon and M. CohefUC-

Witt)h N. l\(/jlarkov?k(NAO Bulgsria), M. d% G_roc:jt(Armagh | Berkeley, Witt continued an effort to map the ERE and the
Obs), an ,I' Kolka (Tartu Obs). Data obtaine "’,‘t several gitfyse galactic lightDGL) over the sky at intermediate and
observatories from 1989 to 1999 were analyzed in a unlforn?ﬂgh galactic latitudes. The aims are to extend the demon-
way. BOt.h the Fie eqw_valent W'd.th and t_hUBV photomet- stration that ERE is present in the diffuse ISM of the Galaxy
ric material show cyclical variability on time scales of Years, , d to explore correlations between the ERE agent and dif-

bL.Jt the cycl_es have d|ffere_nt lengths. This result s keep_mg*erent populations of interstellar grains that are detectable by
with a growing body of evidence that photospheric and Wlndtheir extinction and IR emission characteristics.

phenomena in many hot supergiant stars vary on different Federman and Zsarg collaboration with D. Lambert,

time scales and, therefore, likely have different causes. Y. Sheffer(U. Texas, J. Cardelli(Villanova), B-G Anders-
son(JHU), and E. van Dishoecl_eiden, studied ultraviolet
3.2 Interstellar Matter absorption from interstelld”CO and*3*CO towardp Oph A
Witt studied interstellar dust in a variety of environments,and x Oph. The measurements were obtained at medium
ranging from the solar system to remote galaxies. With Presolution with the Goddard High Resolution Spectrograph
Frisch(U. Chicago et al,, he examined the consequences ofon the Hubble Space Telescop&olumn density ratios,
direct observations by dust detectors abddigssesandGa-  N(*CO)/N(**CO), of 125+ 23 and 117+ 35 were derived
lileo of interstellar grains within the solar system. These obfor the sight lines towargh Oph A andy Oph, respectively.
servations suggest that the size distribution of grains extend value of 1000+ 500 for the ratioN(**C*®0)/N(**C®0)
to larger values than generally assumed for interstellatoward p Oph A was also obtained. These ratios are larger
grains, and the inferred dust-to-gas ratio for the inflowingthan the isotopic ratios for carbon and oxygen appropriate for
interstellar material is higher than the canonical average Gahe ambient material. Since for both carbon and oxygen the
lactic value. more abundant isotopomer is enhanced, selective isotope
In collaboration with V. Zubko(Technion, Haifa and  photodissociation plays the key role in the fractionation pro-
Smith, Witt studied the impact of a proposed population ofcess. The enhancement arises because the more abundant
silicon nanoparticles on interstellar extinction. Of major im- isotopomer has lines that are more optically thick, resulting
portance is the dependence of the dielectric functions of man more self shielding from dissociating radiation. A simple
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argument involving the amount of self shieldinfPom  Team. He determined the behavior of the Martian South Po-
N(*?C0)) and the strength of the UV field permeating the lar Cap using the aerobraking images acquired during the fall
gas(from the amount of vibrationally excitedt6een in our  of 1997 and is currently using the MOC data to study the
spectra shows that selective isotope photodissociation conbehaviors of the polar caps. Cantor is using MOC data to
trols the fractionation seen in these two sight lines, as well astudy the behavior of dust on Mars. James was also Deputy
the sight line to/ Oph. Pl of the MARCI camera experiment on the Mars Climate
Knauth, Federman, and Lambert inferred the physicaDrbiter.
conditions in the photodissociation regiofBRDR9 of two
reflection nebulae, NGC 2023 and vdB 102, through high-3.4 Laboratory Astrophysics
resolution optical spectra of the illuminating stars HD 37903 . . .
and HD 147009, respectively. These observations probe the Graduate. studen.ts involved in theoretical and accelerator-
PDRs in front of the stars. Measurements of INK 1, CH. ased atomlc physms research included Murray Henderson,
C,, and CN were analyzed. Estimates of the gas density an@asa_ Matulioniene, and H_enry Povolny. -
the flux of ultraviolet radiation were derived and compared . 'T‘””g' Henderson, Curtis, an(il Martlnsoq made precision
with the results from infrared and radio studies, whichIncetlme measurements of thes2 'S — 2s2p’P resonance

sampled the PDR in the molecular cloud behind the star. Irk'nzs tm B?' antd I:B”.bB I Alg62dhas been glsicgzl%xteg]swely
the foreground material, the gas density and the ultraviolel® determine steflar boron abundances, an abun-

flux are lower than in the molecular material. It appears thafjance ratio |s_cruC|§1I for .testlng_models for light eI_ement
the foreground gas is farther from the source of iIIumination.OUCIePSymheS'S' This fine is also important becau_se it ma;ks
Finally, the columns of Naand Ki were reproduced when lines in Hg.|| and Hgui that have been ObS?T"ed in chemi-
the extinction curve for the sight line was adopted. As in ourcaIIy pecullar gtars. The measurements utilized the .ANDC
earlier study of the PDR toward HD 200775, the illuminating method to ellm_ln_ate the effec?s of cascade repopulation, are
star of the nebula NGC 7023. we conclude that future modpf higher precision than earlier measurements, and are in
eling efforts of PDRs shoultlj be based on the extinctionexce"ent agreement with recent theoretical predictions.
curve for the sight line being studied Henderson, Irving, Curtis, and Martinson measured the
Pan Yan. and Federman anaIyzlEkﬁE NEWSIPS spectra lifetimes of all twelve levels of the &6p configuration in
of HD é790é, 20 Agl, and HD 200775. Compared with ear-Hgl'(')" The three] = 1 levels decay to the ground state,
lier versions of these spectra, the NEWSIPS data yield mor?d » whereas thd = 0,2,34 levels decay to the metastable

9 . .
accurate and mutually consistent equivalent widths. The col-eVeI 5d°6s. These results were compared to lifetimes ob-

umn density ratioN(22CO)/N(13C0), was found to be= 10 tained previously in our laboratory for the isoelectronic ion
43 + 4 and 23+ 5 toward HD é7903 20 Aql, and I-iD Au 1l and the homologous ions Ag Cdii, and Iniv to
200775: respectively. The value for the s’ight Iine’to 20 Aql isreveal s_ystemati(_: pattemns. These lifetimes were also calcu-
consistent with earlier determinatior$(*3CO) is enhanced lated W'th the Dirac-Fock code GRASP. For the= 0,2 .
in the foreground PDR of NGC 7023. Enhanced levels Oflevel lifetimes, the agreement between theory and experi-
13CO arise when the gas is cold < 30 K) and the abun- ment was very good, but the shprtest—livbek 1 transition
dance of C is high because an intense UV radiation field jswas 2 times slower than predicted by theory. For the

present; such physical conditions were suggested by us G 3,4 levels, the experimental lifetimes were approximately
this PDI,? in an earlier study 30% longer than the theoretical predictions.

Henderson, Irving, Matulioniene, Curtis, and Ellis col-
laborated with Wahlgren and Brage at the Univ. of Lund on
measuring lifetimes for the radiation emitted in the ground

HSThas monitored Mars during all periods since 1990 interm transitions of the nominal form s85p®5d*6s -
which Mars has been observable. During the most recerfis?5p®5d*6p in Tan (x = 3), Wi (x = 4) and Ral
year, STIS spectra were acquired in visible and near IRx = 5). The absorption spectra of these ions in the region
wavelengths in order to study the reflectance spectrum of th2000—3000 A are potentially useful for astrophysical abun-
Martian surface. Analyses of images and spectra acquired idance determinations and spectrum synthesis. Supporting
1997 continue to confirm the significant aphelion cloud belttheoretical calculations were also performed to characterize
first observed in 1993—-199STimages. Shan is currently configuration interaction and to estimate the degree of decay
assembling an atlas of cloud observations based upon diranching of the upper levels. The lifetime measurements
years ofHST observations. were combined with these theoretical considerations and

Cantor compared regressions of the Martian North Polawith branching fractions deduced from available emission
Cap during the four spring seasons observediByto each  measurements to specify the oscillator strengths of these
other and to the historical database. This work has led to newansitions. The results were appliedH&T spectra to esti-
insights concerning the interannual variability of the cap re-mate the tungsten abundance in Sirius.
cession and to new measures of the albedo of the north polar Witt, in collaboration with Furton(Rhode Island Col),
frost deposits. Cantor has also recently completed a detailddeng (UT), Smith, and Friedmann, continued laboratory
analysis of the photometry of Phobos based on Cycle 4—%tudies of candidate grain mantle and nanoparticle materials,
HSTimages. with the principal aim of finding likely sources of the ERE,

James is a Participating Scientist for Mars Global Sur-which is observed in many dusty astronomical environments.
veyor and is a member of the MO®lars Observer Camera Considerable effort went into the design and construction of

3.3 Planetary System Astrophysics
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a photoluminescence spectrophotometer for measuring thtee limits from SN 1987a. The latter have become less strin-
absolute photoluminescence quantum efficiency of candidatgent over the last several years but are still considered to be
materials. Studied were materials including hydrogenatedhe best limits.
amorphous carbofHAC), hydrogenated amorphous carbon- A possible route to the formation of a black hole of rela-
silicon alloys, diamond-like carbons, nanodiamonds, silicortively low mass in the gravitational collapse of a highly-
carbide nanoparticles, carbon nanoparticles, and silicomvolved star, associated with a supernova, is the formation of
nanoparticles. a neutron star, briefly metastable due to the trapped neutrinos
Jointly with Furton and Rhode Island student J.W. Laiho,and high temperature. Then the equation of state may soften,
Witt completed an investigation of the amount of interstellarleading to the final collapse. The softening of the equation of
carbon locked in solid hydrogenated amorphous carborstate may be caused by meson condensation. In order to ex-
based on observations of the strength and detailed profile @mine the viability of such a mechanism, first proposed by
the interstellar 3.4sm C—H stretch absorption band. It was G. E. Brown and H. Bethe, it is necessary to compare differ-
concluded that interstellar amorphous carbon needs to bent time scales: the hydrodynamic, the weak interaction, and
highly hydrogenated in order to provide the required masshe cooling and deleptonization. lwamoto, in collaboration
absorption coefficient for the 3w transition, and that with researchers in Kyoto and Chiba Inst. Tech., studied the
most likely about 80 carbon atoms in the form of HAC per dynamical weak processes associated with meson condensa-
million H atoms are needed to satisfy the observational contion inside neutron stars. They calculated the reaction rates
straints. for the thermal kaon process, in which kaons are produced
Theodosiou and Federman determined theoretical oscilladhermally via hucleon-nucleon collisions, and solved the rate
tor strengths and branching ratios for ultraviolet transitionsequations numerically to follow the kinetics of condensation.
in Mg 1. The focus was on the weak doublet at 1240 A be-They also discussed the similarities and differences between
cause it is the best means to obtain accurate interstellar abutihe meson condensation inside neutron stars and the Bose
dances. The multiplet oscillator strength is in excellentcondensation in gaseous atomic systems.
agreement with a recent astronomical analysis and in good
agreement with other recent computations. A key result of, INSTRUCTION
the calculation is that the branching ratio differs from &

coupling value: 1.78t 0.03 vs. 2. Very recent astronomical 4.1 Academic

studies confirm our predicted branching ratio. The M.S. degree in physics was awarded to Abbott, who
has accepted a position at the Hayden Planetarium, and to
Knauth.

3.5 High-Energy Astrophysics In 1997 September, The University of Toledo changed

from a quarter to a semester academic calendar. Therefore,

lwamoto calculated the thermal resistivity of metals duefor comparison with earlier enrollment figures, the following

to electron-electron scattering by using the static screenin - i
potential, with the screening length determined by the com-Humbers should be multiplied by 1.5. Undergraduate as

pressibility, which is in turn derived from the Monte-Carlo tronomy enroliments for the summer quarter and the two

values for the correlation energy. The agreement of the resuﬁemesters covered by the report period were as follows. In
. . . nergy. 9 our general education courses, the annual total was 1088 for
with experiment is competitive with that of other, more so-

- : L the three introductory lecture courses and 93 for the labora-
phisticated theories. This simple model at one atmospher, .

: - tory. The more advanced general-education courses had a
pressure should serve as a good reference point for studyi

rlgtal enrollment of 22. In graduate courses and advanced
the transport properties of matter at high densities, which ) g

. . X . ndergraduate courses for science majors, the total enroll-
pertain to the interiors of large planets, white dwarfs, and~I g )
ment was 26.
neutron stars.

The axion has been one of the candidates for dark mattez{ 2 Public
for over two decades. Astrophysical arguments still give the™”
most stringent constraints on its properties, such as mass and K. Bjorkman participated in outreach programs to local
coupling to matter. Iwamoto calculated the axionschools and served as a mentor to several high school stu-
bremsstrahlung rate due to nucleon-nucleon collisions for dedents interested in astronomy. She also presented a session
generate neutron-star matter in the general case of differewoin “Physics FUN-damentals” to girl scouts at the Maumee
neutron and proton Fermi momenta. Within the two-DFSZValley Girl Scout Council’s Quantum Leap program, which
and KSVZ (hadronig-axion models, the latest parametersis designed to interest junior high school girls in math and
were used and the model dependence of the rate was exastience.
ined. The analytic expressions for the energy-loss rates that Undergraduate assistants to Anderson-Huang and Mak for
were obtained may be used to study the long-term cooling opublic education at the Ritter Planetarium-Brooks Observa-
neutron stars. In collaboration with the groups in Tokyo andtory were Dawn Mulliss, Will Fischer, Meredith Gray, and
Montana State, lwamoto obtained limits on axion parameter8ethany Stelneki.
by comparing the evolutionary calculation with observa- During the report period, the Ritter Planetarium presented
tional data fromROSAT It was found that, if the correct a record sixteen unique public planetarium programs, includ-
neutron-star matter equation of state is soft, then the axiomg the following shows written in-hous@uthors in paren-
limits thus obtained are of the same order of magnitude atheseg
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Planet Quest: The Search ContinBs Mulliss) 5.2 Visiting Lectureships

The Fall Skies over Toled@Vak and D. Mullisg . .

Fire from the Sky(D. Mulliss and Mak J._Bjorkman and Federman prgsented coIquwa_ at the U.
Winter Skies over ToledéMak) of Wisconsin and at Western Michigan U., respectively.
Women in AstronomyD. Mulliss)

Lightyears Away(Mak) 5.3 Service

The Spring Skies over Toleddlak)

The Outer Limits(MaKk). J. Bjorkman continues to serve a three-year term on the

We continued our normal program of monthly public ob- AU Working Group on Active B stars. He was also a mem-
serving nights with the Ritter 1-meter telescope and weekenBer of the scientific organizing committee for IAU Collo-
evening viewings with the facilities of the Brooks Observa-quium 175, “The Be Phenomenon in Early-Type Stars,”
tory. Approximately five thousand people visited one obserheld 28 June — 2 July, 1999 in Alicante, Spain. K. Bjorkman

Vatory or the Other’ induding about one thousand who atcontinued as a member of the Publications Board of the
tended Mars Watch 1999 during opposition. AAS, and Morrison continued to serve on the V. M. Slipher

Our offerings to the local K-12 community continued to Committee on Public Education in Astronomy. Federman is

expand. Visiting school groups may now choose from ove@ member of thé&eUSE Observers Advisory Council.

twenty programs, some live, some taped. While these pro-

grams cover §1II aspects of astrono_my, each pegins with a Iivg_4 Awards and Research Support

tour of the night sky and ends with a question and answer

session. We are developing follow-up packets geared to spe- K. Bjorkman was selected as a 1999 Cottrell Scholar by
cific school programs; packets for the six most popular prothe Research Corporation and gratefully acknowledges this
grams are ready. award, which will support both teaching and research. We

During the report period, approximately 250 Boy Scoutsgratefully acknowledge an NSF grant to lwamoto; a NASA
and 200 Girl Scouts completed the Boy Scouts’ Astronomygrant to K. Bjorkman; a NASA grant to Federman, Schect-
Merit Badge program and the Girl Scouts’ Space Exploratiorman, and Cheng; NASA LTSA grants to J. Bjorkman, to K.
Ribbon program, respectively. Mak conducted the annuaBjorkman, and to Federman; an STScl grant to Federman;
“How to Buy a Telescope” workshop. and three NASA grants to Witt.

The total attendance for all programming conducted under Iwamoto wishes to acknowledge the Yukawa Institute for
the auspices of Ritter Planetarium and Brooks Obs. was apFheoretical Physics and the Department of Physics, Kyoto
proximately 26,750. This figure is the same as last year antniv. for support during his visits.
represents an all-time high. The planetarium staff attended Participation in research by Benson, Fischer, and Sum-
local, state, and regional conferences. The planetarium caners was supported by an NSF-REU grant to the Department
hosted(with Bowling Green State University Planetariuen  of Physics and Astronomy.
meeting of the Cleveland Regional Association of Planetar-
ians.
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5 MISCELLANEOUS External collaborators are listed in parentheses.

5.1 Participation in Meetings Reports, Theses, and Abstracts

J. Bjorkman, K. Bjorkman, Federman, Fischer and Mor-Abbott, B.P. 1999, “lonization Structure and Mass-Loss for
rison, Knauth, Miroshnichenko, Smith, and Witt presented Rapidly-Rotating Near Main-Sequence B Stars,” M.S.
posters at the 194th AAS meeting in Chicago. At IAU Col- Thesis, Univ. of Toledo
loquium 175 in Alicante, Spain, J. Bjorkman gave an invitedBjorkman, J.E. & Abbott, B.P. 1999, “lonization Structure
review talk and presented a poster; K. Bjorkman presented and Mass-Loss for Rapidly-Rotating Near Main-Sequence
an invited review talk and three posters; and Miroshnichenko B Stars,” BAAS, 31, 846
presented three posters. Bjorkman and Bjorkman participateljorkman, K.S., Bjorkman, J.E(& Wood, K.) 1999, “A
in the workshop, “Eta Carinae at the Millenium,” at Gallatin ~ Simple Spectropolarimetric Temperature Diagnostic for
Gateway, Montana, in July 1998. Circumstellar Disks,” BAAS, 31, 846

Federman presented a poster at the 6th International CoFederman, S.R(Lambert, D.L., Sheffer, Y., Cardelli, J.A.,
loquium on Atomic Spectra and Oscillator Strengths, which  Andersson, B-G, van Dishoeck, E.F& Zsargq J. 1999,
was held in Victoria, BC. Federman and Witt each gave an “Further Evidence for Chemical Fractionation from Ul-
invited lecture at the American Chemical Society’s 31st Cen- traviolet Observations of Interstellar Carbon Monoxide,”
tral Regional Meeting, “Chemistry in Space,” in Columbus, BAAS, 31, 944
OH. Witt was an invited speaker at the workshop, “Dust in Fischer, W.J. & Morrison, N.D. 1999, “H Variability in
the Local Interstellar Medium,” in Bern, Switzerland in Oc-  the A-Type Hypergiant Star 6 Cassiopeiae,” BAAS, 31,
tober 1998. Iwamoto presented a paper at the 1999 Centen- 845
nial Meeting of the APS in Atlanta, Georgia, and attended(Gordon, K.D., Clayton, G.C., Misselt, K.A.& Witt, A.N.
the David N. Schramm Memorial Symposium: Inner Space/ 1999, “A Simple Method for Determining the Dust At-
Outer Space Il at Fermilab, Batavia, IL. tenuation in Galaxies,” BAAS, 31, 947
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Iwamoto, N.,(Muto, T., & Tatsumi, T) 1999, “Kinetics of and Mass-Loss for Rapidly-Rotating Near Main-Sequence
Kaon Condensation inside Neutron Stars,” Bull. APS 44, B Stars,” in The Be Phenomenon in Early-Type Stars,
1635 IAU Collog. 175, ed. M.A. Smith, H.F. Henrichs, & J.

Iwamoto, N.,(Umeda, H., Nomoto, K., Tsuruta, S., & Qin, FabregaiSan Francisco: ASPin press
L.) 1998, “Limits on the Axion Mass from Neutron Star Bjorkman, K.S. 1999, “Polarimetry as a Diagnostic of Cir-
Cooling,” Bull. APS 43, 1185 cumstellar Envelopes,” in The Be Phenomenon in Early-
Knauth, D.C. 1999, “Investigating the Physical Conditions  Type Stars, IAU Collog. 175, ed. M. Smith, H. Henrichs,
toward Two Reflection Nebulae: NGC 2023 and vdB and J. FabregdSan Francisco: ASPin press
102,” M.S. thesis, Univ. of Toledo Bjorkman, K.S., Bjorkman, J.E., & Wood, K. 1999, “A
Knauth, D.C., Federman, S.R., &ambert, D.L) 1999, Simple Polarimetric Temperature Diagnostic for Circum-
“Physical Conditions in the Photodissociation Regions of  stellar Disks,” in The Be Phenomenon in Early-Type
Two Reflection Nebulae: NGC 2023 and vdB 102,”  stars, IAU Collog. 175, ed. M. Smith, H. Henrichs, and J.
BAAS, 31, 1243 FabregaiSan Francisco: ASPin press
(Love, W.O., Furton, D.G, & Witt, A.N. 1999, “Thermal  Bjorkman, K.S., Meade, M.R., & Babler, B.L. 1999, “A
Emission and Photodestruction of Silicon Nanoparticles,” Spectropolarimetric Atlas of 61 Bright Northern Be

3AAS, 31, 5_391 Stars,” in The Be Phenomenon in Early-Type Stars, I1AU
Majeed, A., Witt, A.N. & (Boroson, T.A) 1999, “Extended Collog. 175, ed. M. Smith, H. Henrichs, and J. Fabregat
Red Emission in the Evil Eye Galaxy,” BAAS, 31, 886 (San Francisco: ASPin press

(McDavid, D), Bjorkman, K.S.(Baade, D., & Peters, GN. Bjorkman, K.S. & Miroshnichenko, A.S. 1999, “Far-
1999, “Polarization in a Shell-to-Emission Transition of  infrared Excesses in Classical Be Stars,” in The Be Phe-

‘the Be Stao And,” BAAS, 30, 1396 nomenon in Early-Type Stars, IAU Collog. 175, eds. M.
Miroshnichenko, A.S.(Kuratov, K.S., Sheikina, T.A. & Mu- Smith, H. Hendrichs, & J. FabregéBan Francisco: ASP

kanov, D.B) 1999, “LS 11 +22°8 - a Newly Recognized in press

Classical Be Star,” Inf. Bull. Var. Stars, No. 4743 Bjorkman, K.S., Miroshnichenko, A.S., Bjorkman, J.E.
Miroshnichenko, A.S.,(Sheikina, T.A. & Corporon, B. (Meade, M.R., Babler, B.L., Code, A.D., Anderson, C.M.,

1999, “Be-type Emission-Line Stars with Compact Dusty  gox  G.K., Johnson, J.J., Weitenbeck, A.J., Zellner

Envelopes,” BAAS, 31, 845 ) _ N.E.B., & Lupie, O.L) 1998, “The First Ultraviolet and
Smith, T.L., Witt, A.N., & (Gordon, K.D) 1999, “The Effi- Optical Spectropolarimetry of the[8 Star HD 50138,”

ciency and the Origin of Extended Red Emission,” ApJ, 509, 904

BAAS, 31, 944 Cantor, B.A.,(Wolff, M.J.), James, P.B., & Higgs, E. 1998,

Witt, A.N. & (Gordon, K.D) 1999, “Reddening and Attenu-
ation by Dust in Galaxies with Clumpy ISM,” BAAS, 31,
946

(Wood, K., Spaans, M., Witt, A.N., & (Gordon, K.D) 1999,
“Prominent Random Structures in the Interstellar Me-
dium,” BAAS, 31, 891

Zsargq J., Federman, S.R., &Velty, D.E) 1998, “Neutral
Carbon in Diffuse Clouds with Low Molecular Abun-
dances,” BAAS, 30, 1340

“Recession of Martian North Polar Cap: 1990-1998T
Observations,” Icarus, 136, 175
Cantor, B.A.,(Wolff, M., Thomas, P, James, P., &Jensen,
G.) 1999, “Aperture Photometry of Phobos: 1994-1997
HST Observations,” Icarus, in press
(Clancy, R.T., Wolff, M.J), & James, P.B. 1999,“Minimal
Aerosol Loading and Global Increases in Atmospheric
Ozone during the 1996-97 Martian Northern Spring Sea-
son,” Icarus, 138, 49
(Collins, T.J.B., Frank, A, Bjorkman, J.E., &(Livio, M.)
Publications 1999, “Supernova 1987A: Rotation and a Binary Com-
(Bell, J.F., Wolff, M.J., Daley, T.C., Crisp, @.James, P.B., panion,” ApJ, 512, 322
(Lee, S.W., Trauger, J.T., Evans, R\M999, “Near In- (Fox, G.K., Code, A.D., Anderson, C.M., Babler, B.L.
frared Imaging of Mars fronHST Surface Reflectance, Bjorkman, K.S.,(Johnson, J.J., Meade, M.R., Nordsieck,
Photometric Properties, and Implications for MOLA  K.H., Weitenbeck, A.J., & Zellner, N.E.B1998, “Solar
Data,” Icarus, 138, 25 System Observations by the Wisconsin Ultraviolet Photo-
(Biémont, E., Garnir, H.-B, Federman, S.R(Li, Z.S., & Polarimeter Experiment. Ill. The First Ultraviolet Linear
Svanberg, $.1998, “Lifetimes and Oscillator Strengths ~ Spectropolarimetry of the Moon,” MNRAS, 298, 303
for Ultraviolet Transitions in Neutral Sulfur,” ApJ, 502, (Frisch, P.C., Dorschner, J., Geiss, J.M., Greenberg, J.M.,
1010 Gruen, E., Landgraf, M., Hoppe, P., Jones, A.P., Kra-
Bjorkman, J.E. 1999, “Wind Compressed Disks,” in Vari-  etschmer, W., Linde, T., Morfill, G.E., Reach, W., Slavin,
able and Non-spherical Stellar Winds in Luminous Hot J.D., Svestka, J. Witt, A.N., & (Zank, G.P). 1999, “Dust
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J. FabregatSan Francisco: ASPRin press 1999, “Transient Infall Events in the AB Aur Disk: The
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