THEORETICAL LINE PROFILES IN THE ULTRAVIOLET SPECTRA
OF EARLY B-TYPE STARS

by Donald C. MORTON
(Princeton University Observatory, U. S. A.)

RisuME. — On a calculé les profils de 106 raies U. V. de longueurs &’ onde comprises entre 911,6 et 3000 A, y compris

celles de largeur équivalente supérieure a 2

A et cela pour des modéles d’atmosphére B, V et By V. La plupart des

raies se situent dans la région de longueur d’onde inférieure & 1410 A : elles présentent une absorption centrale et

beaucoup ont des ailes trés étendues.

ABSTRACT. — The blended profiles of 106 ultraviolet lines, including all those expected to have equivalent widths greater
than 2 A in the wavelength range 911,6 to 3000 A, have been computed for B, V and B, V model atmospheres.
Most of the lines are found shortward of 1410 A, where they have deep cores and mamny have extensive wings. This

blanketing amountsto 31 % at B; V and 20 % at B, V.

Pesome. — BriuucjieHH KOHTYPH 106 yJIbTpa@HOJETOBHIX JUHHUE ¢ JJIMHONX BOJH 3aKIIOYCHHOH MeXIy

911,6 u 3000

, BKIIoUad ¥ Te YKBUBAJCHTHAA IMHPHHA KOTOPHIX IPEBHINAET 2

JIA aTMOCPEPHBIX

mogenesi B, V 1 B, V. BoIpmuECTBO THEHHA PACIIONOMEHO B 0GIACTH JJIHHE BOJIH MeHbINe 1410 A ;
OHY BHABJIAIOT HAJAYAE CHIABHOTO IEHTPATBHOTO IOTJIOIEHUA U MHOTHE MMEIOT 0YeHb PACIHPOCTEPTH

KDBLIbS.

Rocket-borne instruments soon will provide
ultraviolet spectra of hot stars with resolutions of
about 1 A. Consequently it is important to
attempt to predict these spectra using the best
theory presently available and including the pro-
files of the strongest lines.

As a basis for these calculations, two early-type
models by Miss UNDERHILL (1962a) were chosen,
both with surface gravities of 10 cm s—2 and abun-
dances by mass of 0.68 hydrogen and 0.32 helium.
One had an effective temperature of 25673 °K and
a spectral type near B2 V, while the other has a
temperature of 31023 °K and a type near Bo V.
Electron scattering and the bound-free absorption
of HI, H—, He I, and He II were included in the
opacity, but no line absorption.

106 lines were chosen, primarily from the list of
GausTap and SpiTzeEr (1961), and are expected
to include all those with equivalent widths greater
than 2 A in these atmospheres. The adopted
abundances are given in Table I. The broadening
in the Lyman lines of hydrogen was represented by
a simplified expression derived by GRIEM (1960)
which includes the perturbations of ions by the
quasi-static approximation and the perturbation
of electrons by the impact approximation. For
all other lines, a Doppler-damping profile was
assumed, with a

https://doi.org/10.1017/5S0074180900179562 Published online by Cambridge University Press

TABLE 1

ABUNDANCES OF THE ELEMENTS BY WEIGHT.

ELEMENT ABUNDANCE ELEMENT ABUNDANCE
H 0.68 Al 0.45 x 10—
He ~0.29 Si 8.8 X 104
C 0.0067 S 6.7 x 10—¢
N 0.0014 CI 8.8 X 10—¢
(0] 0.015 A 6.3 X 10—

Fe 2.2 X 10—¢

damping constant ten times the classical value so
that

The effect of the blended profiles on the emer-
gent flux was computed using a programme pro-
vided by Miss UNDERHILL (1962b). - A set of 660
wavelengths were chosen from 911.6 to 3000 A,
spaced according to the irregularities in the spec-
trum. At each wavelength the line absorption
was summed over all contributing profiles and
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added to the continuous opacity for 44 levels in
the atmosphere. The traunsfer equation was then
solved at each wavelength to give the emitted
flux, but no attempt was made to iterate the model
for flux constancy throughout the atmosphere.
All lines were assumed to be formed in pure absorp-
tion. The calculation of a few profiles formed by
pure coherent scattering showed no major diffe-
rences tfrom those in absorption. Pussible non-
equilibrium processes could affect the cores of the
lines but it is unlikely that they could cause strong
emission lines as in the Sun because in these stars
it would be difficult for such processes to enhance
lines above the ultraviolet continuum which carries
most of the flux.
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F1a. 1. — The spectrum of a B2V star from 910 to 1030 A.
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Fia. 3. — The spectrum of a B2V star from 1150 to 1270 A.
Figures 1-5 show the calculated spectrum of the

B2 V star. The continuum flux is represented by
the nearly horizontal lines across the upper parts
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Fi16. 4. — The spectrum of a B2V star from 1270 to 1390 A.

of the diagrams. It is seen that many of the lines
are rather strong, absorbing a large fraction of the
continnum, The cores of all lines are very deep, a
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Fia. 5. — The spectrum of & B2V star from 1390 to 3000 A.

oonsequence of the low temperature in the outer-
most layers and the low continuous opacity at
these wavelengths. However, the precise values
of the central intensities are not reliable because
at these points the opacity is so high that optical
depth unity is reached in one or two integration
steps. From 1560 to 3000 A there are no strong
lines. In Figure 6 the first 120 A of the BOV
spectrum longward of the Lyman limit is repro-
duced to show the general characteristics. Here
the Lyman series and most of the other lines are
somewhat weaker so that more of the continuum
is visible. A few lines in the higher ionization
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F16. 6. — The spectrum of a BOV star from 910 to 1030 A.

states are stronger. The He II line at 1640 A,
corresponding to He, is only 1 A wide. In the
B2 V model the ultraviolet blanketing totals 31 %,
while in the BO V model it is 20 9,. These results
demonstrate the necessity of including the opacity
of the strongest metal lines as well as the Lyman
series when calculating early-type model atmo-
spheres. A programme of constructing flux-
constant models with the lines has been begun at
Princeton in collaboration with Dimitri MrEALIS.

A more complete account of the present work
has been submitted to the Astrophysical Journal,
1965, 141, 564.

Manuscrit requ le 20 aodt 1964.
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Disoussion (*)

A. J. DEuTsor, — Last week, in Utrecht, Dr. Wrv-
BEL reported some work by himself and Dr. KrRAFT on
some colorimetric effects of the gravity darkening
associated with stellar rotation in stars somewhat
cooler than these. KrRa¥FT and WRUBEL have found
some such effects ; they are small but of the same order
as those often associated with changes in (H/M). Of
course, we know that the B stars described here are
also likely to be rapid rotators, in general ; and, there-
fore, we must be on guard against misinterpretation
of the colorimetric effects of gravity darkening.

Y. OnMaN. — I wonder if the new calculations
describe also the luminosity effects shown by the
Balmer continuum, the one discovered by CHALONGE
and BARBIER for B stars and the one found by Iwa-
NowsgA and myself for F stars.

S. E. StroM. — The grid of models we have calcu-

(*) This discussion is relevant to the four preceeding papers,
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lated have only been computed for two values of log g.
Thus a qualitative comment is all that is possible.
The Balmer discontinuity is 'decreased, for all Tex
values in the range between 10000 and 20000 °K, as
log g decreases from 4,0 to 3,0. For a model having
Tt = 9500 oK and log ¢ values of 4,3 ; 4,0 and 3,7,
the values of the Balmer discontinuities are respec-
tively D = 0,55 ; 0,57 and 0,568. These models do
not include the higher members of the Balmer series
and thus the observed and the above given values of
D are not directly comparable. The change in the
theoretical value of D, however, is well represented by
the above sample set.

M. S. SavEDOFF. — How does U. V. (2000 A) and
visual (4000 A) opacity compare ?

S. E. StrRoM. — For a model with Tey = 10% °K,
the values of the monochromatic optical depths differ
by about a factor 2 in the sense that those at 2000 A
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are larger. For higher Tey, the values of the mono-
chromatic opacities are again quite comparable. A
complete table of monochromatic optical depths at
selected wavelengths will appear for each of my models
(in the effective temperature range 10000 to 20000 °K)
in a forthcoming Ap. J. Supplement. If the models
correctly predict the flux at 4 000 A, then, they should
be valid for predicting the flux at 2000 A, unless, of
course, there is some unknown opacity source. The
results presented at this meeting, generally support
the view that, at least for stars whose rotational velo-
cities are not large, the models and observations are in
fairly good agreement.

L. GrarroN. — I would like to ask Miss UNDERAILL
whether she thinks that deviations from hydrostatic
equilibrium would cause a kind of extended-atmo-
sphere-effect which might cause a still larger discre-
pancy between observed and computed fluxes, ma-
king the calculated U. V. fluxes still larger ?

Miss A. B. UNDERHILL. — My model atmosphere
computations are in essential agreement with those of
AVRETT and STROM as regards the various effects they
have discussed. The models all give about the same
results for the continuous spectrum. It is when you
begin to compare computed line profiles with observed
line profiles (not H lines) in B stars that the discre-
pancies appear. It turns out that the lines are formed
high in the model where the conditions of radiative and
hydrostatic equilibrium may not be enough to define
the physical vonditions affecting line formation.
T and Miss C. GumLLAUME have also been experimen-
ting with a pseudo representation of line blanketing.
We find that for a model in which T near v =.1is
kept constant, more or less (in order to preserve the
line spectrum in the 4000 A region), the Tes is reduced
by 500 to 1000 °K and F, at » < 1500 A is reduced
somewhat while ¥, for A > 2000 A is increased. A
A mag A 5560 A of 0,2 or 0,5 may be achieved in com-
parison to the results without line blanketing at
A < 1400 A,
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Miss A. B. UNDERHILL. — Spectral types in the
beginning represent the observed strengths of strong
lines. Such lines are not well predicted by the models ;
later correlations have been made between colours or
Balmer jumps, D and spectral type. The continuous
spectrum models predict colours or values of D quite
well. I think it better to relate to stars via these para-
meters directly and not via spectral types. Thus
U. V. observations can relate to colours or D and to
models, but do not expect the same D or colours always
to refer to the same spectral type.

S. E. StroM. — I would agree with Miss UNDER-
HILL’S comments and would add that near Ao, even
for stars having identical Ter values, the metal opa-
cities due to Si and Mg may significantly affect the
Balmer discontinuity. Recent abundance analyses of
Sirius by S. STROM and K. STROM (unpublished) and
BoyarcHUCK indicate that the above metals are over-
abundant by a factor of 10 to 20 and, if this is so, the
Balmer discontinuity will be significantly decreased.

S. E. STroM. — We have calculated for all our
models between 10000 °K and 20000 °K the details of
the spectrum of the higher Hydrogen lines. This
may be useful in discussing various luminosity-sensi-
tive observed parameters.

Miss A. B. UNDERHILL. — It is interesting to note
that in the central parts of the strong lines, you have
shown [,/K, may be of the order of 10°. This means
that the central parts of the lines will be formed in the
extreme outermost parts of the atmosphere. Models
developed using continuous opacity only are not
usually defined in adequate detail in these regions
ie Teont ~ 105, Observations of the line centers in
the U. V. may give us very interesting information
about the physical conditions in the outermost parts
of B type atmospheres. The monochromatic optical
depths at 2000 A is about the same as that at 4200 A.
1t is only in continuum wavelengths at shorter wave-
lengths that one can hope to observe to deeper layers
in the atmosphere than one does in the 4000 A region.
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