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Abstract. We have analysed the Mgl h&k resonance lines
of IM Peg (KII-III) on 14 high resolution IUE LWR spectra
and compared the results coming from visual spectroscopic and
UBV (RI)c photometric data. The ‘clean’ spectra (free from
interstellar absorption) were modelled using a convolution of
the rotational profile with a Gaussian profile, that represents
macroturbulence and broadenings of other origin, the former
dominating.

Significant variations in the h&k line fluxes and widths were
found throughout the orbital phase range. A line broadening
effect is found at maximum spot visibility both in the k and
h lines. The Mg11 line widths increase linearly with the flux
of the transition region lines as a function of rotational phase.
Anticorrelations as a function of phase were found between the
Mg 1 line fluxes and the higher temperature lines. The k line
is broader than the h line, correlated with a slope greater than
unity, in keeping with a greater radiation transfer effect in the k
line, and a non-optically thin medium at all phases. We observe
a systematic asymmetry in the ratio of the h to k line profiles at
all phases. The spectral diagnostics thus suggest the appearance
of a plage region on the stellar disc.

We obtained new orbital elements of the IM Peg system,
deriving a small, but non-zero eccentricity.
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1. Introduction

The Mg 11 h&k resonance lines are well-known activity indica-
tors in late-type stars. Since very early stellar activity studies,
chromospheres were investigated using observations and mod-
elling of these lines. Neff (1991) described in detail how the
ultraviolet spectral imaging method could help in studying the
chromospheres of late-type active stars. A classic example of
this research was carried out by Neff et al. (1989). The basic idea
was, that if there is a non-uniform emission source on the stellar
surface, an additional component is needed to model the spectral
line beside the symmetric one centered at the stellar velocity,
assumed to be Gaussian. However, previous studies on mapping
stellar surfaces did not take into account line profile broadening
mechanisms other than rotation. Instead, targets were appropri-
ately chosen so that the major part of the line broadening was due
torotation and the other effects were assumed negligible. Ol4h et
al. (1992) described a method to separate the rotational broad-
ening of the Mg11 h&k line profiles from broadening caused
by other factors. In the case of HK Lac (KOIII+?), Ol4h et al.
(1992) found that broadening due to rotation was comparable
to another broadening mechanism that is unknown in detail, but
assumed to be due to the effects of turbulence in the line forming
medium.

A similar, two-Gaussian approach has been used on other
RS CVn systems (e.g., Wood et al. (1995); Dempsey et al.
(1996b)). In those studies, the Mg 11 profile is fit with a ‘narrow’
and ‘broad’ component. Alternatively, an anisotropic turbulence
model has been used successfully to fit the Mg 11 and C 1V pro-
files of V824 Arae (Dempsey etal. (1997)). In these approaches,
broadening beyond rotation is attributed to either continuous
microflaring or asymmetrically distributed radial and tangential
macroturbulence.
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In the present paper, we apply Olah et al.’s (1992) analy-
sis technique to the RS CVn system IM Peg (HD 216489), a
binary consisting of a K2II-III primary and a companion of un-
known spectral type with an orbital period of 24.649 days. Here
we use time series observations of the Mg1I lines and try to
describe the variability of the profiles in terms of the two afore-
mentioned broadening terms. In addition, we also incorporate
an optical depth term into our fitting function. We further use the
ratio of the line profiles to probe the fluctuations of the optical
depth in the chromosphere. Further diagnostic information can
be obtained by comparing the Mg 11 line broadening with the
fluxes of transition region lines like Si1v and C 1v. Finally, we
use the new data to compute a revised orbit for the binary and
analyse the IUE data for the presence, if any, of systematic line
shifts.

2. IUE observations

We have analysed a series of IUE LWR spectra of the active
giant star IM Peg. The spectra cover almost, and were obtained
within, one rotational cycle, and have been taken as part of
an observing campaign, together with visual spectroscopic and
U BV (RI)c photometric data. At each phase longer exposure
(LWP 24134, 24141, 24156, 24171, 24193, 24250, 24290) and
shorter exposure (LWP 24135, 24142, 24157, 24172, 24194,
24249, 24291) spectra were obtained. The observing log and
further details of the observations and reduction can be found
in Dempsey et al. (1996a).

3. Method of the line profile fitting

Altogether, 14 high resolution spectra were used to analyse the
Mg 11 h&k resonance lines. As a first step the interstellar absorp-
tion lines were removed from the data. We used two component
Gaussian fits to the observations, one for the stellar, another
for the interstellar line. Our procedure gives wavelength, peak
intensity and FWHM for both the stellar and interstellar com-
ponents. We note, that the resolution of the IUE HIRES spectra
is about 0.2A and the derived FWHM of the interstellar (IS)
feature is not much wider than this (~0.28A) in our spectra, so
we cannot study the shape of the absorption component. Oldh et
al. (1992) demonstrated that, in cases like IM Peg, empirically
combining the IS and stellar components as either a product or
sum, yields fittings of essentially the same quality. Here we use
a sum of two Gaussians for fitting the IS and stellar compo-
nents. Adding back the fitted IS feature with opposite sign to
the data, we constructed ‘clean’ spectral lines for furt her mod-
elling. Sums of Gaussians were successfully used for such line
profile fitting in several previous similar cases, e.g., for AR Lac
by Neffetal. (1989) or for V711 Tau by Dempsey et al. (1996b).

Rotational phases were calculated using the ephemeris
2422243.316+24.649 xE (Eaton et al., 1983). The mean wave-
length of the h IS feature is 2802.762 + 0.051A with a mean
of 0.256 + 0.031A FWHM, whereas the k IS is centered at
2795.597 + 0.045A and has 0.277 + 0.023A FWHM. The
mean fluxes of the h and k IS lines are 0.25 £ 0.03 and
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0.33 £ 0.05 10~ Merg s~! cm™2, respectively, which are less
than 15% of the stellar line fluxes. The errors are single stan-
dard deviations. Taking into account the extreme IS flux values,
the subtraction of the IS lines would cause less than 2—3% error
in the stellar line fluxes.

The observed profiles and the two component Gaussian
fits for 7 spectra (those which had longer exposure times and
therefore better signal to noise ratio) are displayed in Fig. 1.
Similar results are found for the remaining data. Wavelengths
were transformed to a velocity scale using air wavelengths of
2802.705A and 2795.528A for the h and k lines, respectively.
This plot allows us to compare the line profiles of the h&k
lines directly. A small discrepancy in the velocity transforma-
tion may arise from the fact that the h&k lines appear in differ-
ent echelle orders of the LWP camera, however, this (system-
atic) uncertainty does not exceed 2-3 km s ! (see Robinson and
Carpenter,1995).

Using our reduced data, keeping in mind the measurement
uncertainties, we proceeded with a simple two component fit
to the line profiles. Following Olah et al. (1992), the resulting
‘clean’ spectra (free from interstellar absorption) were further
modelled assuming that the width of the lines came from:

— rotational broadening (‘dish-shaped’ component): ‘r’ pa-
rameter
— intrinsic broadening (Gaussian component): ‘s’ parameter

The meaning of these parameters has been discussed pre-
viously (cf. Oldh et al. 1992). The ‘r’ parameter, for instance,
has a value for a rapid rotation, as in the present case, which is
easy to estimate, and determinations in such contexts have been
found to be quite robust. The ‘s’ parameter relates generally
to other broadening factors. At the temperature of ~ 8000K,
where the Mg 11 h&k lines are formed in a giant star’s atmo-
sphere, the thermal broadening is not strong: thermal velocities
can be ~ 2kms~! for the line forming ions. Effects associated
with the finite atmospheric region of the line’s formation around
this temperature may contribute to ‘s’. When we take out the
rotational broadening from the profile, what is left, however, is
much broader than would follow from such an effect. There-
fore, this ‘s’ parameter must reflect processes that randomize
motions on a scale several times greater than is possible by a
classical, temperature-related process.

Further consideration of our results, and correspondence
with the referee, particularly concerning this latter point, led
us to extend our fitting procedure to try to take into account
such scattering effects. For this purpose we introduced another
parameter 7 denoting the optical depth of the region in which the
line is taken to be predominantly formed. Photons of a frequency
near that of the natural centre of the line from such a region can
be depleted by scattering encounters with other MglIl ions as
they emerge from the chromosphere.

The two component profile fitting, considered previously,
comes from convolving the dish-shaped rotational form

fir =T+ CEROVICPIRP AT G
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Table 1. Results of the clean fits of the Mg 11 h & k lines of IM Peg.
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k line h line

LWP ¢ flux® T T S I(p)b FWHM A flux? T T S I(p)b FWHM A

24134 0.18 211 078 0.29 0.73 3.1 1.323 2795.177 1.68 0.77 0.27 0.62 238 1.238 2802.330
24135 0.18 220 080 029 073 3.03 135 2795222 1.55 079 0.27 0.60 225 1.192 2802.389
24141 026 228 080 0.28 0.73 3.17 1345 2795240 1.69 080 0.27 058 233 1.205 2802.391
24142 026 236 080 0.28 0.70 3.29 1.316 2795222 180 0.79 0.27 0.60 250 1.216 2802.356
24156 034 234 080 029 075 321 1400 2795291 1.74 0.79 0.27 0.65 240 1294 2802.422
24157 034 216 080 0.29 0.79 3.08 1411 2795336 1.68 0.79 0.28 0.68 242 1.296 2802.496
24171 042 214 080 0.29 0.80 3.12 1447 2795393 1.79 0.79 0.27 0.65 247 1.244 2802.544
24172 042 217 081 031 086 3.01 1503 2795449 1.72 0.78 0.28 0.68 237 1314 2802.623
24193 050 220 082 0.32 090 2.87 1.587 2795544 161 0.79 0.29 0.73 220 1.384 2802.702
24194 050 213 082 031 087 282 1549 2795.652 163 0.79 029 074 221 1377 2802.811
24249 0.66 215 080 033 101 264 1763 2795723 1.75 080 0.29 0.81 229 1445 2802.813
24250 0.66 216 084 0.33 099 273 1.721 2795749 184 081 0.30 0.85 239 1481 2802.880
24290 0.82 243 081 0.30 080 330 1.437 2795829 178 0.79 0.29 0.73 246 1361 2802.983
24291 0.82 232 081 030 085 3.11 1512 2795877 1.80 0.79 0.29 0.78 240 1415 2803.020

* fluxes are in units of 10™"" ergs™' cm™2

® I(p) (source intensity) is in units of 10~ ergs~! cm~2A ~!

with the gaussian broadening

1
fa(s,\) = ) expl—(\ — \g)?/25%]. 2)

\/ 2m

Here, I}, is the background flux level, from which the profile
is measured. [ is an assigned source flux level, subject to redis-
tribution from the scattering atmosphere. In our integration of
the profile we make use of integrals J; and .J, to form the basic
rotational (‘dish-shaped’) profile f; (cf. e.g. Budding and Zei-
lik, 1994, and for further background to the terms used cf. Oldh
et al. (1992)). This description appears adequate for optically
thin conditions.

When we take into account scattering, however, we relace
f2 with f3, which integrates emerging flux down to an optical
depth ‘7’ at the line centre:

f3(7-a S, )‘) = (1 - exp[_TfZ])/T- (3)

The form f> is now regarded as the limiting case of line-
broadening by turbulently moving contributors in an optically
thin regime. The form f3 assumes a photon flux from such con-
tributors to have undergone scattering by as much as a repre-
sentative optical depth ‘7’ at the wavelength of the line centre.
The ratio of the h to the k line flux indicated a non-optically thin
medium transferring the Mg 11 lines to the features we observe
(see Fig.5).

We then proceeded to trial this 3-parameter fitting function.
We found a strong correlation to exist, particularly affecting
the values of ‘r’ and ‘7’. This can be understood in terms of
finite optical depth tending to flatten out the line centre, in a
way comparable to the flattening of the dish-shaped effect, due
to rotation. These effects will tend to counter each other. Such
results demonstrate the rather limited extent of real, quantitative
information often characterizing practical curve-fitting studies
with independent parameters. Because of the strong correlation
involving the ‘r’, ‘s’, and ‘7’ parameters we would keep one
of them fixed in later trials. First, we set 7 = (.8, as indicated

by the h to k line ratio results, and derived a mean r=0.29A
from the fittings to all the Mg II lines. Since the rotation rate
would not, in fact, change, we then adopted this value and used
subsequent fittings to examine optimal values of ‘s’ and ‘7.
We note here that the correlated error estimates of ‘7’ are large
(0.3-0.4), though its value tends always to be around 0.8.

4. Results

The final results of modelling the ‘clean’ emission line data
(wavelengths, peak intensities, ‘7’ and ‘s’ parameter values and
fluxes) are given in Table 1 along with the FWHM values re-
sulted from the two-Gaussian fit. We give ‘r’ parameter values
in italics, since they result from the first round when the opti-
cal depth parameter was kept fixed. These values formed the
mean ‘r’ parameter value used in the final fit. The other fitted
parameters (except FWHM) are from the final fitting.

The fit of the ‘clean’ lines are given in Fig. 2 for the same
spectra as of Fig. 1. A slight difference is seen between the h&k
lines in the red side of the original as well as in the clean spectra,
i.e., the k line wing seems to be redshifted by about 10kms™!
relative to the h line wing. Robinson and Carpenter (1995) have
found this effect in a large number of giant stars.

The corresponding parameters’ values are displayed in
Fig.3 (panels b, c, d), together with the V band light curve
(panel a). Flux values from Dempsey et al. (1996a) (stars) are
also plotted for comparison. This comparison shows a good
agreement between two different processes used for flux deter-
mination. Dempsey et al. (1996a) combined two spectra at each
phase before measuring while we processed pairs of spectra of
the same phase separately.

We have calculated the artificial modulation of the flux orig-
inating from the interstellar absorption (see Houdebine et al.,
1994). This artificial flux modulation is a double peaked curve
resulting from the similarity between IM Peg’s system velocity
of —13 km s~!, deduced from the present observations, and the
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velocity of the interstellar medium in the direction of the star,
which is &~ —6 km s~! (B6hm-Vitense, 1981). Our measure-
ments give +7 + 6 km s~! from the average wavelengths of the
Mg 11 h and k IS lines. According to our calculations, however,
the artificial modulation makes up only about 1.4% of the flux
variability.

For comparison, other activity indicators observed near the
same time by IUE and Ha are plotted in Fig. 3 from Dempsey
et al. (1996a; note their Figs. 7 and 14 are swapped). The chro-
mospheric and transition region line fluxes, strength of Ho and
the ‘s’ parameter of the Mg II lines run completely parallel.

We find mean Gaussian (turbulent+other: see the description
of the ‘s’ parameter in Sect.3) broadening widths of 75 and

200

velocity (km/s)

Fig. 1. IUE LWR observing data of IM Peg
and the two component Gaussian fits for 7
spectra (uncleaned). These spectra cover almost

one rotational cycle. Intensities are in units of
10~ ergs™ em™2A!

85kms~! for the h and k lines, respectively, which may be
compared with 2 km s~! thermal velocities. These widths attain
85-110km s~! when the maculation is close to the greatest and
fall to close to 65-75 km s~ half a cycle later.

4.1. The rotational broadening

The rotational broadening ‘r’ parameters of the h and k lines are
on average 0.28A (30kms~!) and 0.30A (32kms™!), respec-
tively (Table 1.). The difference between the two values cannot
be taken as real because of the typical error of their determina-
tion of 0.01A .
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emergent intensity

emergent intensity

emergent intensity

-200 0
velocity (km/s)

200

The reliability of the rotational broadening parameter can be
assessed knowing the star’s rotational period and radius using
Vpot = 2mR /Pyt For IM Peg P, = 24.649 days, and its ra-
dius can be taken to be between 16-20 R ;, in accordance with its
spectral type of K2II-IIT (Cowley and Bidelman, 1979), which
yields 33—41 km s~ for v,.,;. Taking i = 56° from Stawikowski
and Glebocki (1994), and using 16-20 R, we get 27-34 km s~!
for v sin 2. On the other hand, from an average ‘r’ parameter of
the h&k lines of 0.29A we getvsini~31 km s~ U in good agree-
ment with the preceding values, taking into account the uncer-
tainties in both the inclination and radius of the star. Fekel (1986)

velocity (km/s)

Fig. 2. The final fit of the clean lines (data
and model). Intensities are in units of 10~ "1
erg sTlem™2A !

gives v sin i =28.2 km s~ ! measuring the FWHM of a few lines
around the 6430 A spectral region. With the same fitting func-
tion as ours for modelling rotational broadening, Huisong and
Xuefu (1987) obtained v sin i =36 km s~! for IM Peg from two
iron and one calcium lines around 6700 A.

5. Discussion

The magnesium resonance doublet is a powerful diagnostic of
stellar outer atmospheres because it permits a differential optical
depth analysis. In the optically thin case, the line shapes are
almost identical and the h to k flux ratio throughout the profile
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Fig. 3a—g. Resulting parameters of the ‘clean’ fits of the Mg h&k
line together with the V band light curve supplemented with other ac-
tivity indicators observed near the same time in the short wavelength
region and in Ho. Symbols: filled squares: V observations, dots: k line
parameters, circles: h line parameters, stars: fluxes from Dempsey et
al. (1996a), filled stars: flux ratio, filled triangles: other activity indi-
cators from Dempsey et al. (1996a). Units in the different panels are:
a mag., b 10! erg s~ em™2, ¢ dimensionless, d A , e residual line
core intensity, see Dempsey et al. (1996a), fandg 10~ ergs ™' cm™2.
On the left side of panels b and d the average standard deviations of
the resulting parameters are shown

equals the ratio of the oscillator strengths (0.5). For the optically
thick case the ratio tends towards unity. In real cases, however,
the optical depth varies along the line profiles, being commonly
larger at line center and smaller in the wings. Directly comparing
the line profiles is therefore a potential diagnostic of the optical
depth.

First, let us investigate the main spectral characteristics of
the Mg 11 doublet of IM Peg. The h&k line fluxes and widths
display significant variations throughout the orbital phase; the k
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Fig. 4. The k line width as a function of h line width, in angstroms

flux reaches a maximum when the star is brightest around phase
0.8, but previous to this, it shows a progressive fall (phase 0.2
to 0.65). During the decrease of the k line flux, both the h and
k line widths increase, while the h line flux remains more con-
stant (Fig. 3, panels b and d). These changes are unambiguous
signatures of the varying properties of the emitting medium.

In Fig. 4 we show the k width as a function of the h width.
Both widths should correlate because broadening mechanisms
(turbulence, rotation, radiation transfer) affect both lines simul-
taneously. We do observe some correlation (Fig. 4) but with a
scatter consistent with measurement uncertainties. The slope of
the correlation remains greater than unity, which is evidence
for radiation transfer effects (i.e. radiation damping that occurs
when aline is not optically thin) and a non-optically thin medium
at all phases. The correlation can be given by the following linear
relation:

FWHM(K) = 1.351(£0.186)FWHM{(h) — 0.307(40.246) (4)

That the slope is typically larger than 1 by 10% is another
indication for larger radiation transfer effects in the k line, where
the optical depth is twice as large as in the h line. However, if this
rise in broadening was due to radiation transfer alone, it should
be correlated to changes in the k to h line flux ratio, but this is
not convincingly observed. Only at the k flux minimum does the
line width increase and the flux ratio decrease significantly; see
Fig. 3 (panels b,c,d). The possible reason for this result, beside
measurement uncertainties, is that the difference in line widths
is partly due to radiation transfer, but the increase in the widths
is due to turbulence and/or rotation (extended structures). It
seems that the magnesium line optical depths in their region of
formation is on average larger at the k line minimum.

The ‘7’ parameter perhaps shows a slight wave as the star
rotates (see Table 1.), parallel with the other activity indicators,
which may signify variable optical depth, but because of the
large error of the determination we cannot take these changes
as evidence.

The real situation is probably more complex than we de-
scribe. However, we believe that in the simplest understanding
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Fig. 5. The ratio of the h line to the k line flux
for different phases. Dots and triangles rep-
resent the longer and shorter exposure spec-
tra, respectively. A ratio of 1 and 0.5 corre-
spond respectively to the optically thick and
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of the situation one would expect the line centre to provide the
most sensitive measure of the optical depth and test of our un-
derstanding of possible broadening effects.

The ratio of the h to k line fluxes is displayed in Fig. 5. This
ratio should lie between 1 (optically thick) and 0.5 (optically
thin), and should diminish from the line core to the wings. This
is verified up to about 100kms~! into the wings, but then the
ratio starts increasing up to a value of 1 where the line contri-
bution becomes zero. This later increase is an artifact due to
the incorrect fit into the wings where the flux is very small.
We shall therefore consider only the profiles between —100

optically thin cases

to 100kms~!: there we observe a systematic asymmetry that
never reverses. This asymmetry could be due to a larger optical
depth on the red wing from active regions disappearing on the
receding limb, although this scenario is rather improbable.
There are significant changes occurring in the h to k line
ratios (Fig. 5); for instance, the flux ratio at line center is sub-
stantially larger at phases 0.41 and 0.66 when it reaches almost
1, which corresponds to low k fluxes and generally larger line
widths. This is consistent with higher density plasmas and op-
tical depths. The profile at phase 0.82 is much flatter, also indi-
cating larger optical depths, but at this time in the wings rather
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Fig. 6. Average of the h&k line widths as a function of the sum of the
Si1tv, C1v, C11, and S 11 line fluxes

than at the line center. The lack of phase coverage does not allow
us to understand fully the origin of the large changes that occur
on the surface and/or in the chromospheric structures, but the
Mg 11 line characteristics emphasize that the outer atmosphere
is quite inhomogeneous.

We also found that the Mg 11 line widths (W(Mg 11)) increase
with higher temperature line fluxes (F(SWP), the sum of Si1v
+ C1v + C1I + S1I lines), as shown in Fig. 6, and follow the
relations:

W(MglD)(h) = 0.013(£0.003)FE(SWP) + 0.872(£0.109)  (5)
W(MglID)(k) = 0.018(+0.006)F(SWP) + 0.843(£0.197)  (6)

Wood, Linsky & Ayres (1997) have found a related correla-
tion between the width of their ‘broad’ Gaussian component of
the C1v lines of several stars and their X-ray surface flux. Un-
fortunately, X-ray observations obtained simultaneously with
those reported here were not obtained.

The maximum flux in the higher temperature lines is attained
when the k line flux is at minimum (Fig. 3, panels b, f, g) and the
visual brightness is at maximum. Because these lines are proba-
bly optically thin and their formation is collisionally controlled,
their fluxes are expected to increase with electron density. It is
also important to note the correspondence between the chro-
mospheric and photospheric diagnostics; maximum widths in
the Mg 11 profiles are reached at about the assumed maximum
spottedness (light minimum), while the maximum flux occurs
at minimum spottedness.

HID phase RV 0-C Obs./Templ.
kms™'  kms™!
2448536.7863  0.9062 22.27 0.83 NSO « Ari
2448537.8484  0.9493 21.38 -0.58 NSO « Ari
2448558.8707  0.8022 10.84 1.05 NSO « Ari
2448560.8660 0.8831 20.25 0.22 NSO « Ari
2448571.7414  0.3243 -41.31 -1.54 NSO «a Ari
2448572.6619 0.3617 -41.09 2.28 NSO « Ari
2448573.7117 0.4043 -45.39 0.12 NSO « Ari
2448582.8332  0.7743 2.88 -1.95 NSO «a Ari
2448583.6330 0.8068 12.06 1.51 NSO «a Ari
2448584.6584 0.8484 16.89 0.34 NSO «a Ari
2448594.6694  0.2545 -29.93 -0.72 NSO « Ari
2448598.6300 0.4152 -46.84 -1.12 NSO « Ari
2448644.6405 0.2818 -33.44 0.44 NSO «a Ari
2448647.6218  0.4028 -46.04 -0.57 NSO «a Ari
2448657.6336  0.8090 12.22 1.31 NSO «a Ari
2448631.6420 0.7545 -1.94 -2.95 NSO «a Ari
2448026.9380 0.2217 -22.66 0.19 KPNO « Boo
2448026.9644  0.2227 -22.68 0.39 KPNO «a Boo
2448029.9506  0.3439 -44.19 -2.34 KPNO g Her
Radial velocities of IM Peg
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Fig. 7. Radial velocity curve of IM Peg from Harper (1920), and using
the velocities of Table 2. Mg 11 h&k velocities are also displayed. See
the text for explanation

Hence, all spectral diagnostics, apart from the k to h flux ratio

which is inconclusive, suggest the progressive appearance on
the stellar disc of a higher pressure formation. Higher pressure
possibly means a higher magnetic field strength produced by
active regions (see Golub et al. 1980) indicating the presence of
at least one major plage area.

6. New orbit of IM Peg

Fig.7 gives the radial velocity curve of IM Peg observed by
Harper (1920, 1935). Our measurements of radial velocities
have also been plotted on this diagram.
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Table 3. New orbital elements of IM Peg
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element ~(kms™') K(kms™') e w To(HID) P(days)
Harper —12.84 33.20 0 - 2422240.992  24.65
1920 +0.34 +0.49 - - +0.054 -
present —12.985 33.944 0.0372 249001 2422238.8693 24.6487620
paper +0.356 +0.488 +£0.0127 +£22.6689 +1.5599  +0.0001064

To calculate an improved orbit we measured 19 new ra-
dial velocities using the cross-correlation method described in
Bopp & Dempsey (1989). Sixteen spectra covering the 6380-
6440A region were obtained with the National Solar Observa-
tory (NSO) McMath telescope utilizing a Milton-Roy grating
(1200 lines/mm) in second order with an 800x 800 TT CCD (15
pm pixels). All spectra were obtained in the fall of 1992. The
spectra have a 2 pixel resolution of 0.19A and S/N of greater than
200:1. Three additional spectra of the same region but with a 2
pixel resolution of 0.22A were obtained with the Kitt Peak Na-
tional Observatory (KPNO) coudé feed telescope utilizing the
1024 x1024 TIKA CCD (27 pm pixels), grating A and camera
5. The S/N was 100-200:1. For the NSO data the template star
was a Ari (K2 IIL, V = —14.3km s "). For the KPNO data the
templates were o Boo (K2 III, V = —0.04kms~!) and z Her
(G51V, V = —15.6kms™"). Errors in the resulting radial ve-
locities result primarily from the accuracy of the wavelength
comparison spectrum usually obtained before and after the stel-
lar spectra. Based on previous results (Bopp & Dempsey 1989)
we estimate the errors to be less than 1 km s~!. Measurements
obtained with different standard stars available and between
template stars show agreement to within 0.3kms~!. Results
are listed in Table 2.

A new orbit was derived by use of standard least-squares
fitting programs (Bopp, Evans & Laing 1970). Our values were
combined with those of Harper (1920) to obtain the final orbit.
According to Harper (1920), errors for the older data were 20%
larger than ours and were therefore given a weight of 0.8 while
the modern values were equally weighted at 1.0. The final el-
ements are listed in Table 3. Our orbit agrees very well with
that of Harper (1920) although we derive a small, but non-zero
eccentricity.

The velocities of the MgIl h&k lines have a systematic
offset of about +15 km s~! with respect to the radial veloc-
ity curve, and the error of these velocities are quite high, about
5-8 km s~!. This offset is very probably of instrumental ori-
gin, if not, than perhaps this reflects global flows on the star.
The same effect was found on EI Eri by Neff (1991), who gave
these possible explanations of the observed offset of the star’s
Mg 11 h&k line velocities.

7. Conclusions

We have determined an optimal line of sight rotation velocity
of 31kms~!, which is in keeping with other published values
to within published or expected errors. We find also represen-
tative mean Gaussian (turbulent+other) broadening widths of

80kms~! for both the Mg 11 h&k lines. These widths vary by
about 25% as the star rotates, following closely (but not match-
ing) the maculation wave. We find a net redward shift of the
Mg 11 emission lines with respect to the underlying star of about
15kms~'. There is also a redward shift of the k line wing by
about 10km s~! relative to the h line.

From the line profile modelling we can draw further con-
clusions:

— The width of the Mg 11 k-line is 10% larger, but well corre-
lated with, that of the h-line width.

— The asymmetry in the ratio of the Mg 11 line flux suggest a
difference in the optical depth in the redward line forming
region.

— The values of ‘7’ resulted from the h to k line ratios and
determined in the fittings support each other.

— The width of the Mg1I h&k resonance lines increases as
the flux of higher temperature emission lines also increases,
both of which vary significantly during the rotational period.

— The flux of the transition region lines as well as the C 11 and
S 11 emission appear to peak around light minimum, i.e., spot
maximum.

— Variations of the line profile parameters seen as a function
of phase, suggest the presece of a discrete, high pressure
region moving across the stellar disk as the star rotates.

Although not conclusive, the above points suggest that a
plage was detected on the primary of IM Peg. Since the flux of
the transition region lines as well as the C1I and S 11 emission
appear to peak around light minimum, i.e., spot maximum, the
plage may well be associated with cooler spots as observed in
the solar paradigm.

Finally, a revised orbit has been calculated showing good
agreement with Harper’s 1920 result, although we do find evi-
dence for a small, but real, eccentricity.
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