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The following report covers the Department activities fromnarios for the X-ray emission o' Ori C: absorption of
October 1997 through October 1998. magnetospheric X-rays in a corotating wind or magneto-
sphere eclipses.

Mysore and Stauffer have obtained V- and I-band pho-
1. PERSONNEL tometry of the moderately rich open cluster M35

Department members partipipating in astrophysics or aSNGC2168. Since M35's agé70-100 Myj is similar to that
tronomy research or instruction were Professors J. Scofif the Pleiades cluster, a similar functional dependence on
Shaw and Jean-Pierre Caillault, Associate Professors Coalggyss of the fraction of stars that appear to be photometrically
Johnson and Loris Magnani, Assistant Professor Peter Hauggriable is expected. However, a preliminary analysis shows
childt, postdoctoral fellow lan Short., graduate students S_anM35 to be slightly older than the Pleiades as one begins to
geeta Mysore, Inseok Song, Travis Barman, and Mariamee |arge photometric variability of main sequence stars at
Dittmann. Undergraduate students Laura E. SIRLA)  4n1y ahout spectral type K7, while the same occurs at about
and Tony Ragon&Northeasternspent the summer as NSF 5 i the Pleiades. Further analysis will allow for the deter-
REU interns. In addition, University of Georgia undergradu-pmination of the fraction of fast rotators among the low-mass
ates Katherine Davis and Hannah Curry spent the SUMMer &5 in M35. The observations were made from Nov. 1995

NSF REU interns at Florida Tech and East Tennessee Statfﬁrough Jan. 1996 at the Mt. Hopkins Observatory and the
respectively, while Ben Engebreth and William SchomakerKitt Peak National Observatory.

worked on summer research projects with Magnani and Song

. g Caillault, Stauffer, and BarradGfA) are attempt-
Hauschildt, respectively.

ing to determine the ages of Vega-type stars since this
knowledge may play an important role in understanding
2. EACILITIES whether planetary system formation is common. If the age
determinations indicate that Vega-type stars are all very

ern Association for Research in Astronof§ARA), a con-  YOung, then this suggests that planet formation is common
sortium of five south-eastern universitiéEast Tennesse 2nd that the range of dust optical depths is an age indicator;

State, Valdosta State, Florida Tech, Florida Internationall the ages are _spread out over a f(_aw hundred Myr_, Fhen
University and the University of GeorgiaThe consortium planetary formation would be determined by random initial

operates a 0.9-m telescope on Kitt Peak. This telescope Fso.ndi'Fio.ns. While it is difficult to deterr_ning directly the ages
now completely functional with a CCD camera. Some re-of individual A-stars,_one can gmploy indirect methods, s_uch
mote observations have commenced and full robotic opers2S Standard age-dating techniques for low-mass stars if the
tion is expected in the winter of 1998/99. In addition, theA-Stars have such binary companions. Since young, low-

consortium also operates a summer NSF REU program. THEass stars are strong X-ray em_itters, aII-of the archival RQ-
NSF has recently extended SARA’s REU grant for 4 years SAT PSPC and HRI images which contain Vega-type candi-

The astronomy group at the University of Georgia hasdates have been analyzed in order to determine whether there
five SUN Sparcstations, two HP workstations, and numerou§Xist any X-ray sources withirr 10* AU (roughly equivalent
smaller machines available for data processing and compd® ~10) of the A-stars. Follow-up optical photometry and
tation. In addition, a 24-inch Cassegrain telescope is availSPectra of all possible optical counterparts have been ob-

able on the roof of the Physics Building for teaching andtained. Analyzing these data will determine whether the star
public nights. is a physical companion to the A-star and, if so, both its age

and that of the Vega-type candidate.
Shaw and Ragona have obtained a solution to the eclips-

3. RESEARCH ing binary RZ Draconis from UBVRI observations taken at

Gagne (Rutgers, Caillault, Stauffer(CfA), and Linsky  Villanova University's 0.8 meter Automatic Photoelectric
(JILA) have obtainedASCAobservations of#* Ori C. The  Telescope on Mt. Hopkins.
only previous existingASCAX-ray spectrum of the Trape- Shaw and Dittmann have completed observations of the
zium region shows a very strong component of high tem-open cluster NGC1342 at the SARA Observatory. The aim
perature plasma, with emission measure approximately fivef the project is to find close binaries. Data are in the pre-
times larger than that of the cooler component. Althoughiminary stages of reduction.
ASCAcannot spatially resolvé® Ori C from the remainder Magnani, D. Hartmann(CfA), and P. Thaddeu$CfA)
of the TrapeziumROSATHRI data can be used to limit the continue to study the “X-factor,” the ratio of the molecular
contribution of PMS stars to the overall flux. The observinghydrogen column density to the velocity-integrated
program is designed to re-observe the Trapeziumd'aDri  CO(J=1-0) antenna-temperature, in translucent molecular
C’s rotational phases 0.0 and 0.5 in order to determinelouds. The current effort focusses on the variation of the
whether the spectrum changes as a function of rotationaX-factor from position to position in particular translucent
phase. This will allow them to distinguish between two sce-clouds. The two clouds which have been studied thus far,
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MBM40 and MBM16, show markedly different behavior:  The IUE spectra show two different optically thick sub-
The X-factor tends to vary significantly from position to po- phases. The earliest spectra, taken a few days after maximum
sition in MBM16 but not in MBM40. This variation may be optical light, show a pseudo-continuum created by overlap-
due to the CQL-0) integrated antenna temperature being aping absorption lines. The later observations, taken approxi-
poor tracer of H in low-column density regions. mately 3 weeks after maximum light, show the simultaneous
Magnani, Hartmann, and Thaddeus have completed a supresence of allowed, semi-forbidden, and forbidden lines in
vey for high-latitude molecular gas in the northern andthe observed spectra. Analysis of these phases indicate that
southern Galactic hemisphere. The entire northern Galacti©S And 86 had solar metallicities except for Mg which
hemisphere has been sampled in a locally-cartesian XHeg showed evidence of being underabundant by as much as a
deg grid. A total of only 23 detections have been made in thdactor of 10. A distance of 5.1 kpc to OS And 86 was ob-
North, underscoring the paucity of molecular ga$=zt30°.  tained with a peak bolometric luminosity 6f 5x 10* L.
A similar survey of the Southern Galactic hemisphere ha§he computed nova parameters provide insights into the
recently been completed and analysis is underway. physics of the early outburst and explain the spectra seen by
Hauschildt, SchwarZzArizona Statg Starrfield(Arizona  IUE. Lastly, evidence in the later observations for large non-
Statg, Baron (Oklahoma, Allard (Lyon), and Shoreg(Indi- LTE effects of Fe Il are found which, when included, lead to
ana, South Bendhave calculated new detailed NLTE calcu- much better agreement with the observations.
lations for model atmospheres of novae during outburst. This Hauschildt, Baron, and Allard, are working on the parallel
fully self-consistent NLTE treatment for a number of modelimplementation of the generalized stellar atmosphere and
atoms includes 3922 NLTE levels and 47061 NLTE primaryNLTE radiative transfer computer program PHOENIX. The
transitions. The new results show that the large set of NLTEmplementation uses a MIMD design based on a relatively
lines constitute the majority of the total line blanketing opac-small number of MPI library calls. Parallel algorithms have
ity in nova atmospheres. Although LTE background lines arébeen developed for radiative transfer, spectral line opacity,
included, their effect is small on the model structures and orand NLTE opacity and rate calculations. These algorithms
the synthetic spectra. The assumption of LTE leads to incordivided the work spatially or by spectral lines, i.e., distribut-
rect synthetic spectra and NLTE calculations are required foing the radial zones, individual spectral lines, or characteris-
reliably modeling nova spectra. In addition, detailed NLTEtic rays among different processors. For finite, monotonic
treatment for a number of ionization stages of iron changeselocity fields, the radiative transfer equation is an initial
the results of previous calculations and improves the fit tovalue problem in wavelength, and hence each wavelength
observed nova spectra. point depends upon the previous one. However, for sophis-
Hauschildt, Schwarz, Starrfield, Baron, Allard, Shore, andicated NLTE models of both static and moving atmospheres
Whitelock (SAAO) modeled Nova LMC 1988 #1, a slow, needed to accurately describe, e.g., novae and supernovae,
CO type, dust-forming, classical nova. It was the first ex-the number of wavelength points is very lar¢&00,000—
tragalactic nova to be observed with the IUE satellite. Ultra-300,000 and hence parallelization over wavelength can lead
violet and optical spectra of LMC 1988 #1 taken within the both to considerable speedup in calculation time and the abil-
first two months of its outburstwhen the atmosphere was ity to make use of the aggregate memory available on mas-
still optically thick) were succesfully fit with synthetic spec- sively parallel supercomputers. A pipelined design for the
tra computed using PHOENIX nova model atmospheres. Thevavelength parallelization of PHOENIX has been imple-
synthetic spectra reproduce most of the features seen in thmeented, where the data from the processor working on a
spectra and provide V band magnitudes consistent with thprevious wavelength point is sent to the processor working
observed light curve. The fits are improved by increasing then the succeeding wavelength point as soon as it is known.
CNO abundances to 10 times the solar values. The bolomet- Hauschildt, Audfenberg(Arizona Stat¢ Shore, and
ric luminosity of LMC 1988 #1 was approximately constant Baron successfully reproduce the full multi-wavelength
at 2x10% ergs s at a distance of 47.3 kpc for the first 2 spectrum, including the extreme ultraviol¢EUV) con-
months of the outburst until the formation of the dust shell.tinuum observed by thExtreme Ultraviolet Explorerof the
Hauschildt, Schwarz, Starrfield, Baron, Allard, Shore, andB2 Il stare CMa with a non-LTE fully line-blanketed spheri-
Sonneborn(GSFQ have analyzed the early optically thick cal model atmosphere. The available spectrophotometey of
ultraviolet spectra of Nova OS And 1986 using a grid of CMa from 350 A to 25um is best fit with model parameters
spherically symmetric, non-LTE, line-blanketed, expandingT.s; = 21750 K, logg = 3.2, and an angular diameter of
model atmospheres and synthetic spectra with the followin@.77 mas. The model predicts a hydrogen ionizing flyx,
set of parameters: 5,000 T,oq4e1 < 60,000K, solar abun- of 1.59 X 10?! photons cm? s ! at the star’s surface and
dancesp = r =3, Vpax = 2000 km st L =6 X 10¢ Ly, 5540 photons cm? s ! at the surface of the Local Cloud.
and a statistical or microturbulent velocity of 50 km's  The synthetic spectra are in excellent agreement with ob-
Synthetic spectra were used to estimate the model parametessrved continuum and line fluxes fronchelle spectra ob-
corresponding to the observédE spectra. The fits to the tained with the Goddard High Resolution Spectrograph.
observations were then iteratively improved by changing thaVhile agreement between the absolute UV fluxdEMa as
parameters of the model atmospheres, in particulggyd; measured byGHRS and the model atmosphere is found,
and the abundances, to arrive at the best fits to the opticallthese fluxes are- 30% higher in the UV than measured by
thick pseudo-continuum and the features found in HHE IUE, OAO-2 andTD-1, in excess of the published errors in
spectra. the absolute calibration of these data. TH&E andTD-1 data
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appear to have a wavelength independent systematic error models related to the search for brown dwarfs.
their absolute calibration of 30%. TH&AO-2data, in agree- Hauschildt, BaraffgLyon), Chabrier(Lyon), and Allard
ment with the model's absolute flux between 1200 A andpresent new evolutionary calculations for low-mass and very

2000 A, lie 30% below the model an@HRSfluxes from low-mass M-dwarfs, for a metallicity range — 2
2000 A to 3000 A, suggesting a relative as well as absolutes [M/H] < 0, down to the hydrogen-burning minimum
calibration error in these data. mass (0.0< M/Mgy < 0.6). The calculations include the

The agreement between the model and the measured EWbEst input physics presently available, i.e., equation of state,
flux is a result of the higher temperatures at the formatiorenhancement of nuclear reaction rates and atmosphere mod-
depths of the H and Hel Lyman continua compared to other els. The most recent atmospheric model based on synthetic
models. These higher temperatures increase the level of trgpectra at finite metallicity, and grey atmosphere models
EUV continuum and reduce the strength of the 912 A andbased on Alexander and Fergusd®94 Rosseland opaci-
504 A edges. An important difference between these calcuties are used. Comparisons are made with observational re-
lations and previous calculations is the computation of thesults down to the bottom of the main sequence, for different
model atmosphere out to very small optical depths whichmetallicities, in a magnitudéMy,) - color (V — I) diagram,
results in higher temperatures in the EUV continuum form-and in color-colod ,J,H,K diagrams. Excellent agreement is
ing region. found between theory and observations over the whole char-

Hauschildt, Baron, NugenfLLNL) and Branch(Okla-  acteristic temperature/luminosity range. This enables the de-
homa have modeled supernovae near maximum light. Thestermination of the mass of the faintest objects observed,
objects, with their diversity of compositions, velocities, en-which is found to bem;;,, ~ 0.085M, for [M/H]=0 and
velope masses, and interactions are good testing grounds féd.5, andm;;,, = 0.09 M, for [M/H]=-1.5, for an age of 10
probing the importance of NLTE in expanding atmospheresGyrs.

In addition to treating H, He, Lil, O I, Ne |, Na |, and Mg Il Hauschildt, Allard, Jones, and VitUCL) compare obser-

in NLTE, a very large model atom of Fe Il is used to test thevations of the binary system CM Draconis with synthetic
importance of NLTE processes in both SNe la and Il. Sincespectra computed using the stellar atmosphere code PHOE-
the total number of potential line transitions that one has td\IX. Spectroscopic observations from 0.40 to 2u44, com-
include is enormous ¢~ 40 million), approximations and bined with photometry and the accurately known surface
simplifications are required to treat the problem accuratehgravity allow an estimate of the temperature and metallicity
and in finite computer time. With a large Fe Il model atomusing detailed spectral synthesis. Discrepancies between the
(617 levels, 13,675 primary NLTE line transitionseveral analysis of the infrared and optical spectrum are found: while
assumptions for treating the background opacity that ar¢he optical spectral energy distributi¢8ED) yields a metal-
needed to obtain correct UV line blanketing which deter-rich solution with T.z=3000 K, the infrared SED vyields -0.8
mines the shape of near-maximum light supernova spectr& [M/H] < -0.6, compatible with the high space motion of
can be tested. Due to interactions within the multiplets, treatthe system. The low-metallicity characteristics of the infrared
ing the background lines as pure scatter{titermalization SED could be real and is partly supported by a detailed
parametefe = 0) is found to be a poor approximation and analysis of the atomic lines in the optical region. However,
that an overall mean value ef~ 0.05— 0.10 is a far better the known incompleteness of the TiO and@line lists in
approximation. This is true even in SNe la, where the conthe models used as well as problems with the observational
tinuum absorption optical depth at 5000 A=( 79 is< 1.  data will cause systematic errors.

A detailed treatment of NLTE effects is required to properly Hauschildt, Allard, Alexander, SchweitzeLSW-
determine the ionization states of both abundant and tracdeidelberg, and Baron are modeling the atmospheres for M
elements. dwarfs and giants. The atmospheres of M stars are dominated

Hauschildt, with Allard, AlexandefWichita Stat¢, and by a small number of very strong molecular compounds
Starrfield are modeling the atmospheres of very low mas¢H,O, TiO, H,, CO, VO). Most of the hydrogen is locked in
stars and brown dwarfs. As progressively cooler stellar andnolecular H, most of the carbon in CO; and,B, TiO and
substellar objects are being discovered, the presence of firstO opacities define a pseudo-continuum covering the entire
molecules and then condensed particulates greatly complitux distribution of these stars. The optical “continuum” is
cates the understanding of their physical properties. Accuratéue to TiO vibrational bands which are often used as tem-
model atmospheres which include these processes are tperature indicators for these stars. These may be the depth of
key to establishing their atmospheric parameters. They play the bands relative to the troughs in between them; or the
crucial role in determining structural characteristics by set-depth of the VO bands; or of the atomic lines relative to the
ting the surface conditions of model interiors, and by provid-local “continuum”; or even the strength of the infrared wa-
ing transformations to the various observational planes. Itier bands. All of these depend on the strength of the TiO
addition, they can reveal the spectroscopic properties dbands and the amount of flux-redistribution to longer wave-
brown dwarfs and help establish their detectability. Thislengths exerted by them. Departures from LTE of the Ti |
project incorporates molecular and grain opacities in coohtom, and thus the concentration of the important TiO mol-
stellar spectra, as well as the latest progres§)imeriving  ecule, could, therefore, have severe and measurable conse-
the effective temperature scale of M dwaifis) reproducing quences on the atmospheric structure and spectra of these
the lower main sequences of metal-poor subdwarfs in thetars. Due to the very low electron temperatures, the electron
halo and globular clusters, artiii ) interesting results of the density is extremely low in M stars; even lower than in no-
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vae and SNe. Collisions with particles other than electronsprobably due to incomplete molecular data for TiO, metal
e.g., B or helium, are by far not as effective as electronhydrides and HO. The metal-poor M subdwarfs are well
collisions, both because of their smaller cross-sections anchatched by the models as oxide opacity sources are less
their much smaller relative velocities. Therefore, collisionalimportant in this case. The known extreme M subdwarfs
rates which tend to restore LTE, could be very small in coolhave metallicities about one—hundredth solar, and the coolest
stars. This, in turn, could significantly increase the impor-subdwarfs have g ~ 3000 K with masses- 0.09M/M, .
tance of NLTE effects in M stars when compared to, e.g.,The grainless models are not able to reproduce the flux dis-
solar type stars. tributions of disk objects with Ji; < 2500 K, however a

Hauschildt, Aufenberg, Sankri{Arizona Stat¢ and preliminary version of the NextGen—Dusty models which
Baron successfully reproduce the full multi-wavelengthincludes homogeneous formation and extinction by dust
spectrum, including the extreme ultraviol@EUV) con-  grains is able to match the colors of these very cool objects.
tinuum observed b¥xtreme Ultraviolet Explorerof the B1 ~ The least luminous objects in this sample are GD165B, three
[I-11l star B CM with a non-LTE fully line-blanketed spheri- DENIS objects — DBD0205, DBD1058 and DBD1228 —
cal model atmosphere. The available spectrophotometry aind Kelu-1. These have,fi ~ 2000 K and are at or below
B CMa from 500 A to 25um and Balmer lines ktand H5  the stellar limit with masses< 0.075M/M, . Photometry
are best fit with model parametergf=24000 K, logg= alone cannot constrain these parameters further as the age is
3.4, and an angular diameter of 0.57 mas. Together with thanknown, but published lithium detections for two of these
HIPPARCOS distance these results provide fundamentalobjects(Kelu-1 and DBD1228 imply that they are young
stellar parameters fg8 CMa. A neutral interstellar hydrogen (aged about 1 Gyrand substellatmass< 0.06M/M).
column of NHI) = 2 X 10" cm™2 provides the best agree- Hauschildt, Shahba@xford), and Taylor(Oxford) have
ment between the model EUV flux and that observed byobtained high resolution echelle spectroscopy of the recur-
EUVE In addition, a very diffuse HIl region surroundir®y  rent nova T CrB. The surface abundance of Li in T CrB is
CMa is leaking 0.5% of its ionizing flux into the surrounding compared with field M-stars and is found to be somewhat
interstellar medium. below solar, whereas in the M8 field stars it is non-

As a check, a model is computed for the primary of theexistent. Possible explanations for this include either a delay
resolved spectroscopic binasyVir for which independently in the onset of convection in the giant star, enhanced coronal
determined values for the mass and radius are available. Faxctivity due to star-spots or the enhancement of Li resulting
a Vir , parameters Is; = 23070 K, logg = 3.6, and angular from the nova explosion.
diameter= 0.93 mas provide the best match to the UV, Hauschildt and Baron discuss numerical methods and al-
optical, and IR spectrophotometry and the Balmer line pro-gorithms for the solution of NLTE stellar atmosphere prob-
files. The mass and radius af Vir derived from the model lems involving expanding atmospheres, e.g., found in novae,
fit and HIPPARCOSdistance are in agreement with values supernovae and stellar winds. A scheme of nested iterations
from direct measurements. The model toVir predicts 1.6  can be used to reduce the high dimension of the problem to
times more hydrogen ionizing flux than previous models.a humber of problems with smaller dimensions. As examples
However, this falls short of the measured lower limit from anof these sub-problems, the numerical solution of the radiative
Ha mapping of the HII region around Vir. transfer equation for relativistically expanding media with

Hauschildt, PistinneBar Shebg Eichler (Bar Shebg  spherical symmetry is analyzed along with the solution of the
and Baron calculate a grid of spherically symmetric OB stel-multi-level non-LTE statistical equilibrium problem for ex-
lar atmospheres at low metallicities, including both non-localtremely large model atoms, and the temperature correction
thermodynamic equilibriunfNLTE) and metal line blanket- procedure.
ing effects. This is done to assess the uncertainties in helium Hauschildt, Ciardi(Wyoming), and Howell (Wyoming
abundance determination by nebular codes due to input stgbresent phase—resolved near—infrared broadband photometry
lar atmosphere models. The more sophisticated stellar atmaf four short period cataclysmic variablédsU Aqr, WZ Sge,
sphere models which are used can differ from LTE modelSTY Psc, & V592 Cas Coupled with ultraviolet and optical
by as much as 40 percent in the ratio of He- to H-ionizingdata obtained from the literature, the spectral energy distri-
photons. butions of these four cataclysmic variables are modeled, as

Hauschildt, LeggettHawaii), and Allard present new in- well as the twin of WZ Sge, AL Com. The secondary stars
frared JHK photometry for 61 halo and disk stars around theontribute no more than 20-50% of the near—infrared flux
stellar/substellar boundary. In addition, new hhotometry  except for the polar HU Agr where the secondary contributes
for 21 of these stars and for 40 low—mass stars taken from- 75% of the near—infrared flux. For the systems located
the Leggett 1992 photometry database is compiled. Thesabove the orbital period minimum, the temperatures of the
data are combined with available optical photometry and assecondary stars match those for the expected main sequence
trometric data to produce color—color and absolutesecondary stars. However, the modeling places WZ Sge be-
magnitude—color diagrams. The current sample extendew the orbital period minimum and containing a secondary
work presented earlier into more metal—poor and lower masstar of< 1700 K — the coldest star yet identified.
regimes. The disk and halo sequences are compared to the Hauschildt, Ciardi, Howell, Dhillon(Oxford), Wagner
predictions of the latest model atmospheres and structurdKPNO), and Allard present near—infrared and optical spec-
models. Good agreement is found between observation artcoscopic observations of the polar ST Leonis Minaissl
theory except for known problems in the V and H passband&Mi) in an extreme low—state. The near—infrared spectrum,
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showing no emission lines whatsoever, is produced solely byulation of the non-LTE H calculation. The Ca IR? lines
the secondary star. The spectrum with a series of stellar a&re best fit by a model in which,,;, is cooler by 300 K and
mosphere models is fit and the secondary star is found tehallower by over half a decade in lmghan that which best
have a temperature of 2880200 K. Six months later, ST fits the optical lines. The emergent flux in tHe® line cores
LMi was reobserved in the near—infrared, at which timearises from thel ,,, region, whereas the flux the other diag-
mass transfer had resumed, and the system was now in a higlstics arises from layers well aboVg,,, and it is postu-
state. Evidence suggests that the second pole in ST LMi waated that this may be the cause of the discrepancy.
actively accreting material. Short and Doyle(Armagh have obtained simultaneous
Hauschildt, Allard, and Baron present a NextGen Modelhigh resolution H and Na D spectra of five dwarf M stars
Atmosphere grid for low mass stars to effective temperatureghat span a wide range in chromospheric activity level. The
larger than 3000 K. These LTE models are calculated withohserved Na D lines exhibit behavior that is qualitatively
the same basic model assumptions and input physics as thgnilar to that of more well established diagnostics such as
VLMS part of the NextGen grid so that the complete gridthe Cal HK lines: as the activity level, as indicated by the
can be used, e.g., for consistent stellar evolution calculationg 4 |ine, increases, the absorption core brightens and then
and for internally consistent analysis of cool star Spectragevelops an emission reversal. The observed profiles are
This grid is also the starting point for a large grid of deta"edcompared with computed non-LTE profiles from a grid of
NLTE model atmospheres for dwarfs and giants. The mOde'Ehromosphericltransition region models. The End Na D
were calculated from 3000 K to 10000 (K steps of 200 K jines tend to be in general agreement as indicators of ap-

for 3.5< log g = 5.5(in steps of 0.pand metallicities in proximate chromospheric activity level. However, thex H

the r:mge from -4.0 rt1o| 0'% . . h line systematically indicates a value for the mass loading at
Short and Hauschildt have incorporated into the PHOE+,6 onset of the Transition Region and the locationgf,

(N:IX m?dt_al a_ltmt(_)sph(tare co:\j/le tfga abﬂztjypflo tretat_ Fe_, Nt'.’ andthat is 0.3 dex lower in column mass density than that indi-
0 up 1o lonization stagel, Mg, &-a, an up to lonizalion 64 by Na D. Therefore, the profile of both lines cannot be

ts;agemaand S and .Sl’.'t)u.pr;[q?__'roé')'zat.'on stageltplut Ofl Ig.calt simultaneously well fit for all but one of our stars. For dMe
ermodynamic equitibriu using a multi-levet direct 0 < the shape of the N& emission cores is a much more

method with large model atoms¥ 400 levels and~ 7500 sensitive indicator of chromospheric thickndss, equiva-

fcransmons in the case of N_l). These species are critically lently, chromospheric steepngsan is Hr, and, therefore,
important for modeling the time development of Novae spec-

tra. The ability to treat similarly Cs, Rb, and K, which are provides a powerful diagnostic complement ta FFinally,
. . N ’ the dependence of the predicted line profiles on the values of
important for fitting chromospheric models to M dwarf spec-

tra has been added, in addition to Ba which is important fOIIhe stellar parameters is investigated and it is found that the
modeling SNe supe,rnovae This is an increase from 40 to 8. ferred chromospheric pressure is sensitive to the choice of
in the total number of ionization stages among all species &ff and logg, especially among dMe stars. o .
treated in non-LTE by PHOENIX, and provides an unprec- Sho_rt and qule have obtamed,_ for the f|_rst time, a high
edented ability to directly compute multi-species, muIti-IeveIreSOIUtIon ne_ar-lnfrare_d spectrum in th? region ofRa a
non-LTE solutions with a model atmosphere code. The equachromospherically active M dwafAU Mic). They demon-

tion of state, and the chemical, thermal, and hydrostatic equitrate that both Raand Hx can be fit with a model of large
librium equations are all solved consistently with the non-Chromospheric pressure, but that the two lines indicate

LTE equilibrium of all the species treated in non-LTE. Also, ¢l€arly different values of the exact pressure. There are sev-
the addition of many new non-LTE species allows computa€'@l important types of missing physics that need to be in-
tion of synthetic spectra with self-consistent, massive non¢luded in the calculations before the importance of this ap-
LTE line blanketing due to many more atoms and ions tharParent discrepancy can be assessed. Nevertheless, the
has previously been possible. approximate agreement of the two lines lends support to an
Short, Byrne(Armagh, and PanagiRedding present the earlier theoretical result that the Paschen series is a useful
first simultaneous multi-line fitting of a semi-empirical atmo- chromospheric diagnostic in M dwarfs.
spheric model with a chromosphere and transition region to Doyle, Short, Byrne, and Amad@atania failed to detect
the Hi and Cai spectra of an RS Can Ven stdrPeg. The  the nearby faint M dwarf star GI 1056 star of anomalously
static component of the &l emission core, the line profile of 10w chromospheric and coronal activityith the HRI on-
Hp, the apparent absence ofytand HS5, and the emission board ROSAT, implying logL, < 26.1. High resolution
core profiles of Ca K and two of the Ca IR® lines are all  optical data for Ca HK indicate a surface flux of~ 6.5
approximately fit by a static @ model with the following X 10° erg cmi 2 s™%, in good agreement with the previously
properties: logn at the onset of the transition region is measured Mg hk flux. Based on chromospheric modeling
~—2.85, and a 6000 K plateau in the upper chromosphergoth the Hr and Cal K line profiles indicate an atmospheric
that spans about a decade infogn particular, the model is  structure which is intermediate between that of an interme-
able to reproduce the unusually steep Balmer decrememtiate dM chromosphere and a basal chromosphere. Also, the
(compared to the dMe starsin which Ha is strongly in  modeling indicates that a better fit is obtained using a model
emission and I8 is in absorption, without recourse to extra- atmosphere which has,,;, less than 2650 K, and a thin
atmospheric material. This latter result is found to hold whersteep chromosphere. Furthermore, thenGdK radiative
the metal abundance is varied in the background opacity calesses may only be- 5% of the radiative losses in the UV
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continuum, implying total chromospheric losses in excess oHauschildt, P.H., Allard, F., Alexander, D.R., & Baron, E.

10° erg cm 2 571, 1998, “NLTE effects of Til in M dwarfs and giants,”
ApJ, in press
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