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Department of Astronomy, Pennsylvania State Univeréity
and
' Samuel C. Barden?
Kitt Peak National Observatory
National Optical Astronomy Observatories
ABSTRACT.
We have obtained'spectra in the H-alpha and H-beta regions of the
pecﬁliar double-lined RS CVn,binary,‘RT,Lacertae, in the fall of 1984.

Limited IUE long wavelength low and high resolution spectra were

obtained concurrently. The ground based spectra have shown -an

" asymmetry with orbital bhaéé”iﬁ”fhéfﬁléibﬁé'brbfiléi‘”HAbétébedfiiEEk”"%wm
were consistent‘with the same effect. One hemisphere showed‘excess
emiééion and the other excess absorptioﬁ, with a broad'Gaussian
emission component superposed upon the e#cess H-alpha liné} IWe derived
an imprdved radial velocity curve, giving a better determined mass

ratib and geometry. This combined with the radii implied by the




rotational broadening of the spectra, showed one component to be 80-90%4
filling the equilibrium Roche surface. The two-faced nature is
xtherefore very likely due to mass transfer from the contact component

impacting upon its companion.

Low resolution ﬁltraviolet data. showed that the suppdsed cooler
compohent is bluer than its companion. This is also evidence of a
scgttering shell or cloud pfoduced.by the splash of a gas stream. High
resolution ultraviolet data taken during secondary eclipsé showed Mg II
emission strength which decreaéed mére slowly thén the area visible,
implying either a contribution frqm the contact component as well, or
spatial inhomogeneities oh the surface of the occulted star. The phése
behavior of the low resolution data support the former situation,

indicating "traditional" chromospheric activity as well.

1 Guest Observer with the International Ultravio1et Explorer
satellite, which is sponsored and operated by the National Aeronautics
and Space Administration, the Science Research Council of the United
V;Kingdom, anduthe'European Space Agency.'- | |

2bberafed by the Association of Univefsities for Reéearch'in Astronomy, Inc.,

under contract with the National Science Foundation.




I. Introduction.

RT Lacertae has been classified as an RS CVn system by Hall (1976). 1Its
fundamental characteristics and historylin the literaﬁure were presented
by Huenemoerder (1985) and the references therein. This paper is an
extension of that work, in which we expand the data base of high

quality CCD.spectre of the H-alpha and H-beta regions. In addition, we
have obtained spectra in the range 190 nm to 320 nm using the
Ipternational Ultraviolet Explorer (IUE) in both the low and high
dispersion modes. The IUE.data were aequired concurrentiy with the

ground based data.

" We have used the same analysis technique as in Huenemoerder (1985)‘and
Barden (1985), which derives radial velocities, rotational velocities,
and relative ihtensity weights by fitting standard‘star'spectra to the
binary'epectrum. From the velocities determined, we derive an. improved
radiel.velocity curve giving a more accurate orbital solution and mass
ratio. The previous curve was due to Joy (1931) and rated a "d" in
Battenis (1978) catalog. 'Other values forAfhe masses, from an unpub-
lished radial velocity curve determined by Popper, are given by Popper
and Ulrich (1977), but without any error estimates. From our spectra'
‘we also determined the stellar radii frOm the rotational velocity, known
period!Aandwthe assumption ofVsynehrenogsrrotationir TheAresulﬁingr
geeﬁetry and mess ratio has the hotter component filling 80%—90%‘of the
equilibrium Roche radiue. Another result of the fitting procedure is

an assessment of the excess emission or absorption in the Balmer lines,.
compared to the standard stars. Most coverage was at H-alpha, which
showed a two-faced behavior with phase; one hemisphere displayed excess

emission and the other excess absorption. H-beta spectra were more




“al. (1983) (MinI = JD(Hel.)2444873.3668 + 5.074001E.), the measured =~ =~~~

sparse in phase coverage, but were consistent with the same trend.
These observations suggested that the hotter component was indeed losing'

matter from the inner Lagrangian point.

Low resolution IUE exposures were made during secondary eclipse and

near quadrature. The low resolution data showed a bluer continuum when

‘the cooler and fainter star was visible. This is in agreement with the

photometfy of Milone (1977). 1In the high resolution data, only théng

II lines were visible.

ITI. Results.

- All optical observations were made at Kitt Peak National'Observatory

(KPNO) with the coude feed telescope and spectrograph system, using

camera five, grating B, and the Texas Instruments CCD. Observations were

made primarily at H-alpha, with a few exposureé at H-beta also. The

spectral resolutions were 0.05 nm at H-alpha and 0.03 nm at H-beta,

representing about two channels full-width-half-maximum of a Th-Ar com-

iparisdn line at both wavelength ranges. The KPNO data presented in

Huenemderder (1985) have been inélﬁded here to provide additional phase
covefage in deriving fhe'radial veloeity curve and to ﬁonitor the evo-
lution of any spectral chahges. An Qbserving log is_given'in Table 1,
which also includes the orbitai phase using the’éphemeris of Tunca, et

radial velocities and the observéd—minus-computed (o-c) values.

The absolute error in radial velocity, as determined from radial velocity
stahdardé, was 3.8‘km s-l. A élear and complete description of our
reduction procedure, which fits standard star spectra to the.binary to
derive radial velocities, rotational velocities,.and intensity weight;,

can be found in Barden (1985). 1In short, all lines in the spectrum,




except for regidns explicitly excluded, are fit simultaneously. This
avoids much of the usual problems of blending, distortion, and noise
in individual photospheric profiles. We will present the resulﬁs here
and refer the interested reader to the former reference-for the details:

(The standards used were HR7602, G8 IV, and HR7957, KO IV.)
a. 'The radial velocity curve and orbital solution.

The radial velocity curve is shown in Figure 1. Each component was fit
iﬁdependenﬁly via least-squares téchniques,'éssuming zero éccentricity_
and using the ephemeris of Tunca, et'al. (1983) . The solid curves
: plottéd are the results of the fit, using’the-weiéhtéd meaﬁ systemic
velocity from ééch'component's.solution; The various‘parameters and
_ﬁhéir standard érrors are givén in Table 2, as are the results of the
orbital soiuiion (also assuming zero-eccentricity). Note that the
radial VElocity”erfors determined from thé sharp lined single radial
.velocity standards (3.8 km s_l) afe virtually identical to tﬁe deviation >

about the fit radial.velocity curvev(3.9 km sfl

). This shdws_that the
composite, rotationally broadened speétra are detérmihed with the same'
~accﬁracy as‘single'staré. We haveAadopted.an_inclin;tion of»89 degrées

' as determined from the visual light curve by Eaton and Hall (1979). The
radii were deriVed.fromrthe rotafional velocitiés founa in.the spectrai

. fits, the known period, and the assumption of synchronous rotation.

The mass ratio of RT Lac, according to Kopal'(1978), yields an equilibrium
Roche surface for the secondary of five solar radii as measured perpen-

dicularly to the line joing the two stars and in the obrital plane.

Thus, for the derived radius of the secondary, it is within 80%

to.90%'of filling equilibrium Roche surface. Primary




refers to the more massive compénent{ which ié the cooler, smaller, and
faintef star_in'the RT Lac system. This means the secondary G9 star is
occulted during primary eclipse. Remember"that the radii are somewhat
uncertain, since they were derived from rotational velocities found by
fitting'artificially broadened standafd star spectra to the obéerved
binary. The broadening function assumed spherical:stars with a standard
limb darkening coefficient.. Thé components of a_reai semi- of nearly
detached systeﬁ will certainly deviate from sphericity and have a
generally unknown limb darkenihg function. our éther spectroScopic
vevidence indicates that the RT Lac sécdndary is actually filling and

overflowing its Roche surface.
b. The Optical Spectra.

The H-alpha'spectfa and the exéess profiles'defived by.subtracting the
:synthetic cdﬁposite from the fits are shbwn in Figure 2.  The four scans
frém Huenemoerder (l985)»have beenvrep;oduced here also. _The spectra

_ are'arranged'in orderbof5increasing orbital phase and have beénv m

-corrected for systemic velocity and the earth's motion. The H—alpha

" line centers of the components are indicated. . Sharp features are telluric

water vapor lines. An excess abSorption in H-alpha, which occurs redward

of the K star's_Ha'iine component, increases'in strength from phase zero

up_to _secondary. eclipse (phase 0.5)._ As ,igyééﬁﬁzpmf;hgqother,directiqnh_m,*

at phases 0.6 through 0.8,-excessvemissioh.bccurred from both components.
‘A broad emission component is superposed upon all H—élpha spectra, as 1is

easily seen at phases 0.452 and 0.655.




The H-beta spectra are shown in the same fashion in Figure 3. Excess
H-beta spectra generally resembled the H-alpha ones, except that the G
star showed little or no excess emission. There were no obvious long

term changes in either the H-alpha or H-beta lines from 1983 to 1984.

‘The system geometry is shown from a polar view in Figure 4. ' The dotted
_contour represents the Rochefsurface; The direction of view for the

. observed phases are marked around the outer circle.

. ¢. The IUE Satellite Data.

Several gxposﬁres were made with the'IUE satellite observatory

(Boggess, et al. 1978a,b) céntemporaneously with the optical

observations. Two consecutive long wavelength highvreéolution
'exposures.were>made as RT Lac went into secondary eélipse, ~The only
feétureé Visible.wére'thé Mg II multiplet at 280 nm. Low resolution

long wavelength exposures weré made during secondary eClipsé-and near
-quédratures. ‘The Mg II line was satﬁrated in most of these in order to B

~ expose the continuum. An obsefving,log is given in>Table 3.

Limited photometry was also available from the IUE satellite, in the
magnitudes (Holm and Crabb, 1979) which are good to about 0.1
‘magnitude. An estimate of the B-V color index is needed for the
.measure, and was taken from the light curve for 1983-1984 from Fried
(1984), discussed in Huenemoerder (1985). The results and data

necessary for conversion are listed in Table 4.




III. Discussion.'

- Our improved'orbital solution, coupled with the spectroscopically
determined radii,.has placed RT Lac on the verge of ‘being only |
semi-detached, with the hotter, lowerimass component nearly fiiling its
'Roche lobe. The spectroscopio_eVidence‘presented here has led us to
the conclusion that it indeed is semi—detached, as'previously |

postulated by'Milonev(l977), Eaton and Hall (1979), and Milone and

~ Naftilan (1980). Their'conclusion was based on photometric evidence,

such as period changes, elllpt1c1ty and eclipse duration variations, an
infrared excess, and nearness of the radius of the hotter star to the
Roche limit. Some of these features could p0551bly be explained by a
.spot model, but they could not fit the light curves to their v

satisfaction.

Assuming that RoChe lobe overflow is occurring, we can apply the

dynamical theory of Lubow and Shu (1975) to constrain the stream

characteristics. For'the mass ratio and geometry of RT Lac, the stream

leaving the inner Lagrangian point has a’small radius compafed to the .

 stellar d1mens1ons, and impacts on the K component with a veloc1ty of

-1

about 500 km‘s--- The impact area would be viewed face on somewhere

near phase 0.4.

It is near this phase when the excess H-alpha absorption becomes

strong, with broad emission wings. The absorption is slightly
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redshifted from the velocity of the K star. One interpretation could
be that we are viewing a hot, turbulent region through an intervening
recedlng gas; that 1s, we are looking along the stream as it falls onto
the K star. However, the observations of Huenemoerder (1985), indicate
that the excess absorptxon remains right through secondary eclipse,
even when the K star is occulted and suggested the possibility of mass

loss through the outer Lagrangian point.

The‘gas stream scenario is supported by analogy to known mass-transfer
' systems. Peters and Polidan (1984) have reported asymmetry with phase
in the behavior of ultraviolet absorption lines in some Algol-type~.
systems. Absorptions by high ionization states_wete seen at phases
consistent with the visibility of a stream impact as predicted by the
theory of Lubow and Shu (1975). Peters and Polidan (1984) concluded
A._that at least one hemisphere of the mass gaining star was affected by
the process,-producing‘a.high temperature accretion‘region. The stars
in their study each had a hot companion providing a bright continuum |
agalnst which to see the absorptlon lines. . Suoh is not the case with
RT Lac. Both components are cool stars, and no continuum was visible
in four hour hlgh dispersion long wavelength IUE exposures in an
attempt to detect a similar effect here. An alternate test for hlgh
temperature regions in RT Lac would be a search for high excitation
‘emission.lines in low resolution short wavelength IUE e#posures at the

phases where H-alpha and H-beta showed excess absorption and emission.

The ultraviolet observations have confirmed a color inconsistency first

noticed independently by Milone and Hall as reported by Milone (1968).

It was discussed by Milone (1976, 1977) and by Eaton and Hall (1979); the

component of lower surface brightness, and presumably temperature, was
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bluer. Low resolution long wafelength IUE observations also showed
this. Subtraction of the observed absolute flux during secondary
eclipse (G star visible) from that'at'quadrature:provided an
approximate spectrum of the K component. It was not only slightly
steéper-in-élope than the G component, but brighter. At 300 nm, the K
star contributes two thirds of thé total light, compared to énly about
one third near H-alpha. A continuum index was formed from the flux at
310 nm and compared to the visual'magnitﬁde as estimated from the fine
error sensor (FES) on IUE and the (B-V) color index from the photometry
of Fried (1984) and Evren, et al.‘(1985). Our FES data agreed with the
1982-83 light curves. From IUE observations made during secondary
eclipse (G star vi;ible) and at quadrature, the K star was found to be
nearly a magnitude bluer in a (310-V) color index. In a (510-V) versus
fB-V) sequence-madé frpm the Orbiting Astronomical Observatory Catalog
_6f.Code and Meade (1979),‘thé spectral types formed a fairly well
behaved sequence. The G9 component of RT Lac fell among the Gé to KO
region, while the K1 star was among the G8 stars. It was clearly bluer
both in (B-V)'ahd in the uitra?iolet index. This blueness could be a |
éignature df.a scattering shell, such as that produced by adcretion of

a gas stream. This possibility was also suggested by Milone (1977).

Addltlonal theoretical support for mass transfer is given by the work
: of Gllllland (1985) and the references thereln.“ Hls ‘and other
theoretlcal calculations and observations showed that periods of steédy‘
mass loss occur for all semi-detached systems when the mass losing star
is less than about one solar mass. The contact component of RT Lac is

about 0.8 solar masses.
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It iS~interéstihg to consider the relétionship of RT Lac, SZ Psc and,
current theory. SZ Psc has shown peculiar H-alpha behavior which has
been attributed to visibility of active regions (Weiler, 1978; Ramsey
and Nations, 1981) and to transient mass transfer (Bopp, 1981;
Huenemoefder and Ramsey, 1984). One component is near to 90% filling
the Roche surface (Jakate, et al., 1976; Eaton et al., 1982). The
othér star in the system has a size such that the stream would impact
upon it, according to the theory of Lubow and Shu (1975). Whiie no

- excess H-alpﬁa absorption was seeﬁ by Huenemberder and Ramsey, there
.waé a correlation betwéen the profile shape aﬁd thé phase, reminiscent
to that in RT Lac. The masses of the compohenté of 82 Psc are both
iust above a solar mass (Jakate, et al., 1976). This is in the fegion
wheré mass transfer is unstable,13cc6rding to thegry (Wood, 19?7; |
 Gi11i1and; 1985). Thﬁs, RT Lac and SZ Psc may be two key experimehts-'
in mass transfer ih binary stars, representing the boundary between
steédyvand'transient flow. They may provide cohstraints needed to
improve the theory. Though they are both.difficultvsystems to obtain
adequate phase coverage having periods very close to integrai'days,
“they warraﬁt attention, perhaps enough to enéourage.coordinated

~ observations in the interest of obtaining good phase and wavelengthv~.

- coverage.

" Whether some of the spectroscopic activity of RT Lac is due to the
active‘chromosphére phenomenon of "typical" RS CVn étars is difficult
‘to aséess. The K star always seems to have excess H-beta emission,
while at H-alphé, it usually does. The G star has excess H-alpha
emissioh near phase.o.f. This could be due to the same type of

chromospheric activity as is seen in other RS CVn stars. Both
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components also seem to have some steédy Mg II h and k emission. As
“the system.went into secondary eclipse (K star occulted), the strength
of the Mg II lines decreased, but not as quickly as the visible area of
the K star. Either the G star aléo has some Mg II activity, 6r it is
spatially inhomogeneous on the K star. The low resolution IUE data
also show weaker but prominent emission during secéndary eclipse,

suggesting that both stars are active.

Another possible explanation for the strong variations in the excess
H-alpha profile ié suggested by the calculations of Cram and Mullan
(1985). Their models have shown that the presence of a .chromosphere
inéreases the stfength of H-alpha absorption in late type stars, unless
the pressure is high enough to drive the lines ihto emiSsiohJ The
extfeme variations in H-alpha could then represent large |
Ainhomogeneities in the temperature and density structure of the outer
atmosphere of RT Lac.‘ More extensive observafions and modeling is |
needed to assess this possibility. 1In particular; simultaneous H-~alpha

and H-beta spectra with good phase coverage are needed, coupled with

chromospheric modeling similar to Cram and Mullan's'for both lines, but

tuned to the parameters of RT Lac.

~The consistency of the data with both theory and other observations
strongly suggest that RT Lac is a mass transfer .system, and that this
is the primary cause of its activity. Though the system is
ﬁomplicated; it may provide a useful example for studies of evolution

of low mass binary stars.
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Table»l

KPNO Observihg Log

*

UT Date & . time phase region : Vv(K) 0=C v(G) O0-C
20 Sep 84 2:31 0.868 H-beta = -86.2 6.5 25.4 -4.7
: 4:35 0.885 . H-alpha -83.4 5.2  17.8 -3.7

8:10 0.914 H-alpha -76.2 4.6 0.5 -4.3

21 Sep 84 2:50 0.067 H-alpha -34.4 -2.4 -109.2 -9.2

6:37 0.098 H-beta  -16.8 6.2 -121.4 -2.2

8 Oct 84 3:17 0.421 H-alpha  -29.6 -1.2 =-101.8 5.8
5:30  '0.440 H-beta -22.4 11.7 -87.8 7.6

| 7:18 0.454 H-alpha -34.6 3.9 =-86.6 =0.7

.9 Oct 84 2:32 .0.612 H-alpha -89.8 -1.9  22.8 3.0

4:35 0.629 H-beta -89.0 3.0 35.7 7.0
7:47 0.655 H-alpha -99.6 -2.2 39.1 -1.2
10 Ooct 84 2:11 0.806 H-alpha -99.3 4.0 47.1 -5.8
5:18 0.831 H-alpha -99.4 0.5 38.6 -6.9

15 Oct 83  9:32 0.720 H-alpha -103.0 2.7 51.3 =6.6"
| . 9:44  0.722 H-alpha =-103.9 1.9 51.8 ~6.3

16 Oct 83 3:21 0.866 H-beta -90.5 2.6  28.2 -2.8

. ~ 3:56 0.871 H-beta -89.1 2.9 25.6 -3.1
| 6:30 0.892 ‘H-alpha -81.7 5.2 14.3 -3.3
17 Oct 83 5:12 0.078 H-alpha  -28.4 0.3 -115.4 8.4
19 Ooct 83 2:44 0.452 H-alpha = =-45.0 -7.2 -95.1 -7.8
- 6.6 -87.2 -3.3

- 3:17 0.457 H-alpha -32.8

1

“Absolute error = 3.8 kms -~
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Table 2

Radial Velocity and Orbital Solution

Quantity . value error units notes

K(G9 IV) ‘ -113.5 1.6 [km s™1]

K(K1 IV) . 53.0 1.6 [km s-1] -

Gamma - -53.6 0.8  [km s71]

error 3.95 [ km sf%]_ Standard deviation of

unit weight about the
computed curve.

Vrot (G9 IV) - 42 3 [km s™1]

Vrot (K1 IV) . 34 7 [km s-17

B1(G9 1IV) - 0.63 0.05 [] (Rel. Brightness at H-alpha.)
B2(G9 IV) : - 0.56 0.02 - [] (Rel. Brightness at H-beta.)
M(K) /M(G) 2.14 0.07 []

(M1+M2)sin3i 2.4 0.1 {Solar Masses]

M(G9 IV) 0.78 0.03 [Solar Masses]

M(K1 IV) 1.66 0.08 [Solar Masses]

Semi-major axis 16.7 0.2 [Solar Radii]
"R(G9 IV) . 4.2 0.3 [Solar Radii]

R(K1 IV) - . 3.4 0.7 [Solar Radii]

The follbwing quantities were assumed:

Period - 5.074001 0.000001 [Day]
Inclination 89 0 [Degrees]
Eccentricity = 00 0]
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Table 3

IUE Observing Log

image cam disp UT date & time texp ' phase
4244 ILWP Hi 17 Sep 84 21:39 210 0.448
4245 ILWp - Hi . 18 Sep 84 1:41 185 0.479
4253 LWP Lo 19 Sep 84 10:35 35 0.739
4254 LWP Lo .- 19 Sep 84 11:43 15 0.749
24006 SWP . Lo 19 Sep 84 12:04 60 0.755
4255 WP - Lo 19 Sep 84 13:10 15 . 0.761
4524 LwWp " Lo 8 Oct 84 9:42 20 0.475
- 4525 . 1IWP Lo 8 Oct 84 10:39 15 0.483
4526 LWP Lo - 8 Oct 84 11:26 15 0.489
4527 LWP Lo 8 Oct 84 12:14 15 0.496

The date, time and phase are given for mid-exposure.
The exposure times are in minutes.
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Table 4
IUE FES Photometry

image FES v

4244 665 9.24

4245 515 9.52 (phase=0.466)
' 448 9.68 (phase=0.492)

4253 954 8.86

4254 961 8.85

24006 931 8.88

4255 909 8.91

4524 485 = 9.59

4525 460 9.65

4526 416 9.76

4527 415 9.76

'V is given for’mid-expoéure, unless
the phase is specified.

The above used: o
(B-V) 1.10 (phase=0.50)
(B-V) 1.03 (phase=0.75)
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Figuré Captions.

Figure 1.

The radial veloéity curve for RT Lac is shown. The solid
curves are the least Squares fits to the velocitieé of fhe G
component (*) and K coﬁponent (+). Error bars represent a
standard deviation of unit weight about the curve. B2ll data

were weighted equally.

Figure 2.

-a) The H-alpha spectra are shown in order of increasing phase
from top to bottom. The solid line is RT Lac and the

‘dotted are the fitted composite spectra.:

b) Tﬁése are thé excess H-alpha pfofilesi~obtained.by
| subtracting the‘dotted profiles from the solid dﬁes ih panel'
a. The central vertical line represents the rest H-alpha -
line center. The vertical dashes above each spectrum mark
the velocities of each component at that phase (the ldnger

bar represents the primary K star).

Vertical offsets in a and b are 0.5 intensity units, with

the continuum normalized to one.
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Figure 3. .

Like Figure 2, but for the H-beta region.

Figure'4.

This is a schematic polar view of RT~Lac_in proper scalé. The
stars are represented as solidAcircles and the Roche surface
as a'dottedicbntour.“A stream,-and presumed hot spot'and

| circumstellar matter are sketched in with hash marks.

Tic marks around the outer circle denote the direction of

view at observed phases. Phase 0.0 is at the right and

' phases increase in the clockwise direction.
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