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Multiple observations carried out during 2007–2011 using high–resolution spectroscopy with
6m telescope BTA SAO RAS allowed to search for the peculiar properties of optical and UV
spectra and field of velocities in the yellow hypergiant’s ρ Cas atmosphere. Radial velocity de-
termined by symmetrical absorptions of metals varies in time relatively to the system’s velocity
Vsys = −47 ± 1 km s−1, and this fact is a sequence of small amplitude pulsations of the near-
photospherical atmosphere layers. In the single moments the velocity gradient in the deep layers of
stellar atmosphere have been observed. Radial velocity determined using by short-wave components
of Ba II, Sr II, Ti II and other strong lines with low level excitational potential takes place in the
narrow limit of Vblue ∼ −60 ÷ −70 km s−1. We suppose that short-wave components form in the
circumstellar shell as well as one of the components of sodium doublet lines D Na I.
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I. INTRODUCTION

ρ Cas with its spectral type G2 Iae is a prototype
of yellow hypergiants, — massive stars with extreme-
ly high luminosity. In the Herzsprung–Russel diagram
these objects take place in the instability region near the
limit of luminosity (de Jager et al., [1]). These objects
evolved rapidly from the red supergiants to Wolf-Rayet
stars or LBV ones. The process of moving into the high-
temperatures region has been studied very poorly, and
this fact account for the expedience of monitoring for
yellow hypergiants.

The nearest object in the HR–diagram to ρ Cas is the
famous hypergiant V1302Aql, more known by the name
of IRC +10420, which is the infrared source associated
with it. The central star V1302 Aql (spectral type F8 Ia
and luminosity near 106 L�) has cored up by the gas-
dust medium and it is a source of OH-maser’s power
radiation (see Schuster et al. [2]). One of the prior re-
sults during the long-term studies was the detection of
its effective temperature’s rapid growth (Klochkova et
al. [3]; Lobel et al. [4]). At that the monitoring data of
V1302 Aql during last decades of the 20th century dis-
played of the effective temperature growth acceleration
(Klochkova et al. [5]).

In addition yellow hypergiants differ from the usual
supergiants by their high rate of mass loss, dynamical
instability of atmospheres, that have revealed in pul-
sational activity and presence of extensive circumstel-
lar shells. Moreover yellow hypergiants additionally pass
over the so-called “shell episodes” when during a short-
time period this star lost a large part of its matter. As
a result, during some hundred days this star has been
wrapped up by the ejected cool matter that has formed

pseudo–photosphere. In case of ρ Cas the last such event
took place on the border of 2000–2001 when this star lost
about of 3×10−2 M� (Lobel et al. [4]).

In this article we present the results of ρ Cas spec-
troscopy during 2007–2011, taken with the 6 m telescope
BTA. In Section II we describe the methods of obser-
vations and data analysis; in Section III we present the
results and their comparison with published data, and in
Section 4 we give the main conclusions.

II. OBSERVATIONS, PROCESSING AND
ANALYSIS OF SPECTRA

Spectroscopic data for ρ Cas have been obtained us-
ing echelle spectrograph NES in the Nasmyth focus of
6 m telescope (Panchuk et al. [6]; Panchuk et al. [7]),
using CCD–matrix 2048×2048 or 4096×2048 elements
with an image slicer (Panchuk et al. [7]). Spectral res-
olution is equal to λ/∆λ ≈ 60000, signal-to-noise ratio
S/N ≥ 100. Average moments of observations (JD) and
spectral ranges are given in Table 1.

The extraction process of one-dimension spectra from
two-dimensions echelle-frames was implemented using a
modified context ECHELLE of the program complex the
MIDAS. Cosmic particles traces removal was carried out
by a median averaging-out of two spectra obtained one
by one. Wavelength calibration carried out using the
spectrum of Th–Ar hollow cathode lamp. Instrumental
agreement control of stellar and hollow cathode lamp
spectra was carried out using telluric lines O2 and H2O.
In ρ Cas the spectra for Vr control we have measured
15–22 telluric lines for spectra with the long-wave re-
gion 5930–6010 Å and 70–80 lines for other long-wave
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ones. The standard error of Vr using narrow telluric ab-
sorptions come to ≤ 0.5 km s−1(accuracy from one line).
More in detail the procedure of Vr from the spectra ob-

tained using NES specrograph and the sourses of errors
are described by Klochkova et al. [8].

Spectrum Date HJD Spectral Teff

2450000+ range, Å (K)

s493015 09.03.2007 4168.630 4557–6014 6221±90

s494023 10.03.2007 4169.570 4557–6014 6200±171

s495019 10.03.2007 4170.490 4514–5940 6229±131

s516015 21.02.2008 4518.390 5204–6680 6610±53

s525032 19.10.2008 4759.230 3050–4520 —

s526006 20.10.2008 4760.230 5214–6690 6744±53

s538009 30.09.2009 5104.620 5216–6691 6420±39

s553018 01.08.2010 5409.520 4422–5930 5777±161

s554032 23.09.2110 5463.390 3970–5390 —

s555027 24.09.2010 5464.390 5216–6690 6044±40

s564020 13.01.2011 5574.600 5208–6683 6174±43

s565003 13.01.2011 5575.140 5208–6683 6322±52

Table 1. Observations log of ρ Cas and the results of Teff determinations

III. MAIN RESULTS

A. ρ Cas Effective Temperature

We determined the effective temperatures Teff using
spectroscopic criteria according to Kovtyukh [9]. This
method is based on the depth ratios for selected pairs of
spectral lines that are the most sensitive to the temper-
ature. For each pair of lines, analytical relations were
found between the depth ratio and the effective tem-
perature Teff . Since one pair of lines allows the effective
temperature Teff to be detemined within '50–110 K, a
large number of of such pairs of lines (calibrations), the
results from which are averaged, are used to increase ac-
curacy. Owing to a large number such calibrations (more
than 100 for yellow supergiants), this method provides an
internal accuracy in determining Teff of ' 10–30 K (the
error of the mean). However, while having a high inter-
nal accuracy, the scale of effective temperatures used in
analysis, can have a fairly large error in its zero point. At
present, there are no supergiants with the temperatures
accurately determined by direct methods (more accu-
rately than 30–50 K). As a result, the error of the scale ze-
ro point and the possible systematic error of our temper-
atures cannot be estimated. However since the method is
based on the most reliable published Teff determinations
for a large number of supergiants and Cepheids, we can
hope that the error in the zero point is small and is un-
likely to exceed 150–200K (Kovtyukh [9]). Such an error
has no noticeable effect on the results of our abundance
analysis.

Nevertheless in the case of ρ Cas we have an inter-
nal accuracy 39–53 K for spectra obtained in the ranges

5200–6700 Å and 90–171 K in the 4400-6015 Å, respec-
tively. This fact could be explained by a larger number
of selected pairs of spectral lines in the red part (fur-
ther than 6200 Å) of obtained spectra. For two spectra,
s525032 and s554032 we cannot determined the Teff val-
ues because of absence of any pairs of spectral lines from
Kovtyukh [9] list (see Table 1).

B. Peculiarity and Profiles Variability of Spectral
Details

The profiles of the majority of strong lines of metals in
ρ Cas spectra are variable. As a rule as they are asymmet-
ric: their short-wave wings are either elevated under con-
tinuum by the variable emission or they have an exten-
tion, much more in comparison with the long-wave wing.
As a good example is Ba II 6141 Å line that has been rep-
resented in the left fragment of Figure 1 in the “residual
intensity vs. heliocentrical radial velocity” coordinates.
The short-wave wing of Ba II 6141 Å has been formed by
the impact of stellar wind reach in the single moments
to –120 km s−1, and for the date 20.10.2008 even farther:
–170 km s−1. A variability of extensive short-wave wings
is a feature of stellar wind variability demonstration.

Besides of extensive short-wave wings the strongest ab-
sorptions in ρ Cas spectra have the peculiarities in line
cores split by the two components too. The strong low-
excitational absorptions splitting in the spectra of ρ Cas
have been known for many decades already (see refer-
ences in Lambert et al. [11]). More than 50 years ago
Sargent [12] gave a long list of these spectral details.

A large spectral interval registered by us detected
these absorptions: from 16 in the visual range (5100-6500
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Å) to 43 in the short-wave (3900–5000 Å) one. The list
of absorptions with core splitting is given in Table 2. All
the lines with the wavelength more than 5100 Å were
represented earlier in the list from Sargent [12]. All the
possible reasons that have caused this splitting we will
consider in the next item to be devoted to the field of
velocities analysis.

For the six observational moments the registered spec-
tral range has the Hα line. Complicated absorptional-to-
emissional profile of Hα has changed with time: the po-
sition of its absorptional core, intensity of emission com-
ponents and their intensities ratio have changed (see the
details in Fig. 2). Hα absorptional core position change
has pointed out that the region of its forming in the stel-
lar atmosphere is unstable. We will note that during the
period of our observations the Hα core offset comes to
≈ 16 km s−1, while in the earlier observations of Lobel
et al. [13] the core shift to 35 km s−1has been noted.

Fig. 1. Ba II 6141 Å and D2Na I 5889 Å in the ρ Cas spec-
tra in different observational moments: 1 — JD 2454760.2;
2 — JD 2455575.3; 3 — JD 2454518.4; 4 — JD 2455654.4; 5
— JD 2455409.5. The position of the interstellar component
Vr(IS)≈ −49.7 km s−1(Georgelin & Georgelin [10]) marked
off by the arrow. Vsys = −47 km s−1 marked off by the verti-
cal dash line.

Element Wavelength χlow

ion Å eV
Ti II 3913.47 0.95
Fe I 3920.26 0.97
Fe I 3922.91 0.97
Y II 3950.36 0.90
Fe I 4005.24 1.56
Ti II 4012.38 0.57
Mn I 4030.75 0.00
Mn I 4033.06 0.00
Mn I 4034.48 0.00
Fe I 4045.81 1.48
Fe I 4063.59 1.56
Fe I 4071.74 1.61
Sr II 4077.71 0.00
Fe I 4132.06 1.61
Fe I 4143.87 1.56
Fe I 4202.03 1.48
Sr II 4215.52 0.00
Ca I 4226.73 0.00
Sc II 4246.82 0.32
Fe I 4250.79 1.56
Fe I 4271.76 1.48
Fe I 4294.12 1.48
Ti II 4300.04 1.18
Fe I 4307.90 1.56
Fe I 4325.76 1.61
Ti II 4330.70 1.18
Ti II 4337.91 1.09
Fe I 4383.54 1.48
Ti II 4395.03 1.08
Fe I 4404.75 1.56
Sc II 4415.55 0.60
Ti II 4417.71 1.16
Fe I 4427.31 0.05
Ti II 4443.80 1.08
Fe I 4461.65 0.08
Ti II 4468.51 1.13
Ti II 4501.27 1.12
Ti II 4533.96 1.24
Ti II 4549.62 1.58
Ba II 4554.03 0.00
Ti II 4563.76 1.22
Ti II 4571.97 1.57
Ba II 4934.08 0.00
Ti II 5129.16 1.89
Fe II 5169.03 2.89
Mg I 5172.70 2.71
Mg I 5183.62 2.71
Fe I 5269.54 0.85
Fe I 5328.04 0.92
Fe I 5371.49 0.96
Fe I 5397.13 0.92
Fe I 5405.77 0.99
Fe I 5429.70 0.96
Fe I 5434.52 1.01
Fe I 5446.92 0.99
Fe I 5455.62 1.01
Ba II 5853.67 0.60
Ba II 6141.71 0.70
Ba II 6496.90 0.60

Table 2. List of splitting lines in ρCas spectra
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Fig. 2. Central part of Hα line profile in the ρ Cas spectra
in the different observational moments: 1 — JD2454760.2; 2
— JD 2455575.3; 3 — JD2454518.4; 4 — JD2455654.4; 5 —
JD2455409.5. Vsys = −47 km s−1 marked off by the vertical
dash line.

C. Field of velocities in the atmosphere
and core of ρ Cas

Systemic velocity of ρCas. Lambert et al. [11] us-
ing IR observations determined the systemic heliocen-

trical velocity Vsys = −48 ± 2 km s−1. Lobel et al. [14]
used as a systemic velocity Vsys = −42 km s−1, but
in a later article (Lobel et al. [13]) the value Vsys =
−47±1 km s−1have been adopted. In this paper we have
used −47± 1 km s−1according to the results from Lobel
et al. [13]. However, it would be noted that from the be-
longing of ρ Cas to Cas OB5 stellar association we could
adopt Vsys = −44 km s−1, to be averaged from the radial
velocities of five members of this association according to
Humphreys [15].

Radial velocity measured from symmetrical absorp-
tions. Due to a wide wavelength range and high pre-
cision of radial velocity measurements from single lines,
the field of velocities was studied by using a record high
number of single symmetrical (more than a few hundreds
ones in each spectrum) and splitting lines. Large data
files of the individual spectral details, to be got and al-
lowed by us to obtain principally new results to display
radial velocities behaviour, are the distinction of our in-
vestigation from the approach to the problem from Lobel
et al. [4]. In this paper Lobel et al. [4] have used on-
ly small fragments of spectra 45 Å length, centred on the
wavelength 5187 Å, to make a radial velocity monitoring.
Vr values from emissions and absorptions in ρ Cas spectra
have a great scattering from −10 km s−1 to −70 km s−1.
However, according to Figure 3, displayed Vr relations
from the intensity (deep) of corresponding lines, there
are some sharply separable sufficient groups of lines. The
measurements results of ρ Cas heliocentrical radial ve-
locity for separable groups of lines for all observational
moments are given in Table 3. In the columns entitled as
NL we give the number of the lines used for the averaged
velocity for the given group.

Spectrum Date Vr, km s−1

sym NL blue NL red NL HIabs

s493015 09.03.2007 −54.4± 0.1 613 −65.5± 0.4 12 −34.9± 0.4 12 −46.51

s494023 10.03.2007 −54.9± 0.1 556 −66.9± 0.6 16 −35.0± 0.4 16 −47.41

s495019 10.03.2007 −54.6± 0.1 658 −67.3± 0.4 17 −34.1± 0.4 16 −46.31

s516015 21.02.2008 −43.8± 0.1 519 −61.7± 0.5 12 −37.3± 0.5 11 −40.02

s525032 19.10.2008 −40.9± 0.1 259 −65.8± 0.1 19 −34.4± 0.2 83 −49.13, −46.14

s526006 20.10.2008 −51.1± 0.1 519 −62.2± 0.4 12 −37.1± 0.5 12 −44.62

s538009 30.09.2009 −43.2± 0.2 483 −62.8± 0.2 12 −34.3± 0.4 12 −46.22

s553018 01.08.2010 −39.2± 0.1 551 −61.8± 0.3 11 −32.6± 0.3 11 −40.21

s554032 23.09.2110 −39.0± 0.1 738 −60.1± 0.2 45 −31.3± 0.2 46 −36.41, −36.43, −35.04

s555027 24.09.2010 −40.1± 0.2 411 −60.3± 0.4 12 −33.4± 0.4 12 −30.22

s564020 13.01.2011 −43.7± 0.2 473 −59.6± 0.3 11 −32.9± 0.4 12 −30.22

s565003 13.01.2011 −43.8± 0.2 548 −60.1± 0.4 12 −33.9± 0.4 12 −30.22

NL — number of lines
1 — Hβ line core;
2 — Hα line core;
3 — Hδ line core;
4 — Hγ line core;

Table 3. The results of ρ Cas heliocentrical radial velocity measurements. Vr(sym) — average velocity from symmetrical
absorptions, Vr(blue) — from short-wave, Vr(red) — from long-wave components of splitting absorptions; Vr(HIabs) — the one
from neutral hydrogen absorptional core
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Fig. 3. Relation of Vr measured from the core absorption for its central residual intensity. Dots — single absorptions of
symmetrical metals lines; squares — short-wave and circles — long-wave components of split absorptions. The position of
absorptional components of HI lines marked off by the cross, short- and long-wave components of D Na I lines, — by the stars.
Vsys = −47 km s−1marked off by the horizontal dash line.

The first group includes the overwhelming majority of
spectral details, — single moderate intensity symmetri-
cal lines of metals. The average values of radial velocity,
corresponding to the positions of these absorptions are
given in the third column of Table 3. As seen from Ta-
ble 3 and Figure 3, the value of Vr(sym) measured con-
fidently using the majority of symmetrical absorptions,
reveal changes from date to date. These changes with
the amplitude of some km s−1 are the demonstration of

pulsations. In single moments (see, for example the data
of spectra, obtained on 30.09.2009 and 24.09.2010) the
relation of radial velocity from the line residual intensity
is evident, and this fact points out to the existence of the
velocity gradient in the stellar atmosphere.

Components of split absorptions. The second group
of lines are the short-wave components of splitting low-
excited absorptions. As it has been mentioned above, Ta-
ble 2 contains the list of these lines: identification and
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wavelengths are given according to the spectral atlas
from Klochkova et al. [16], whereas the low level exci-
tational potentials were selected from VALD (Piskunov
et al. [17]; Kupka et al. [18]) database.

In the 4th column of Table 2 we give the present group
of lines-averaged radial velocity value Vr(blue) for each
date of observations. We have note two principal mo-
ments. Firstly, the short-wave components position is
close to the one of CO line core in the near IR range
(Lambert et al. [11]; Gorlova et al. [19]) that in case of
star with F- spectral type can be formed in the circum-
stellar shell only.

Secondly, as seen from Figure 3, Vr (blue) determined
from the short-wave components is not a constant value.
It changes from date to date, moreover, for single mo-
ments the velocity gradient takes place: from less deep
to the deepest lines Vr (blue) changes to 5–6 km s−1. We
stress that this velocity gradient in the shell detected by
us for the first time. The probability of the outflow ve-
locity gradient presence was noted by Sargent [12]. Later
Lambert et al. [11] pointed out for the possible existence
of this velocity gradient in the circumstellar shell to ex-
plain the asymmetry of CO molecule line profile.

Third group of lines are the long-wave components of
splitting absorptions. In the 5th column of Table 3 we
give the present group lines-averaged radial velocity val-
ue Vr (red) for each date of observations. In the region of
forming these long-wave components of splitting absorp-
tions the velocity gradient is present too, moreover, it is
more strongly pronounced in comparison with the short-
wave ones, and for the single moments of observations
(for example 20.10.2008) it has exceded 15 km s−1. The
trend of velocity in the relation of line depth is often as a
prolongation of this one for non-splitting lines (Figure 3).
The velocity gradient from the long- and short-wave com-
ponents of splitting absorptions give rise to the growth
of the error in the mean (see column three and four in
Table 3).

We suppose that long-wave components of splitting ab-
sorptions are the usual photospheric ones and their form-
ing region and corresponding velocity do not differ from
the same for single large intesity absorptions. However
for the series of observations (see the spectra obtained
09.03.2007 and 20.10.2008), when single absorptional ve-
locity do not depend from their intensity, long-wave split-
ting absorptions components gradient to be remained,
and consequently the velocity jump by the pass from the
single absorptions to long-wave components of splitting
lines has been observed (see Figure 3).

Concerning the short-wave components of splitting ab-
sorptions it could be considered, of course, that they
have formed in the circumstellal shell. As a confirmation
of this fact is a consistency of short–wave components
Vr (blue) value with the CO line profile velocity (Lam-
bert et al. [11]). As it should be seen from Table 2 and 3
the shell extension velocity, where shell absorptions have
been formed, has changes during the time in the small
interval of values: from −59.6 to −65.5 km s−1. More-
over, in the singe moments (20.10.2008 and 13.01.2011)
some small (some kilometers per second) shell spread-

ing velocity gradient has been observed. At that the CO
profile velocity to be formed in the highest upper shell
stellar atmospheric layers ensuring continuation of the
shell spreading velocity, to be observed by the strong ab-
sorptions.

Other lines. Besides the lines mentioned above for all
the spectra containing the neutral hydrogen lines we give
the velocity Vr(HIabs) measured from the absorptional
components of Hδ, Hγ , Hβ and Hα lines.

D Na I lines profiles besides of the wide components
are similar to the ones that we can observe for the
strongest absorptions containing the narrow one with
Vr = −48.9 km s−1and the poorly separating component
in our spectra near Vr ≈ -29 km s−1. Absorption with
Vr ≈ −50 km s−1has an interstellar origin and it agrees
for ρ Cas position within the Perseus arm (Georgelin &
Georgelin [10]). Interstellar NaI line that agrees with the
Local Arm, does not separate from the long-wave photo-
spheric component.

In the paper of Gesicki [20] due to ρ Cas spectra ob-
tained in 1969–70, the temporal behaviour of the Ba
II 4934 Å and 5843 Å with Fe I 5328 Å lines have been
studied. The main Gesicki’s conclusion consists in the
fact that short-wave component forms in the circumstel-
lar shell with the maximum gas temperature ≈ 12000 K.
Our results confirm this conclusion. However, Gesicki [20]
on the basis of ρ Cas spectral monitoring arrived at a con-
clusion that both the components of splitting lines keep
the Vr value during the whole pulsational period. Our
high-precision measurements show that both the com-
ponents of splitting absorptions positions have changed
over time with the amplitude of a few km s−1.

In recent years Lobel with co-authors (Lobel et al.
[14]; Lobel et al. [13]; Gorlova et al. [19]) have pro-
posed another explanation of the low-excitation absorp-
tions splitting in the ρ Cas spectra: these wide absorp-
tions with saturated cores separation for two compo-
nents reasoned by the superposition of stationary emis-
sion with Vr ≈ −50 km s−1that has formed in the inter-
stellar medium. The main arguments of these authors
against the proposition about the short-wave compo-
nents formed in the interstellar medium consist in the
following facts (Gorlova et al. [19]). Firstly, the presence
of two independent components demands constant pres-
ence of layers to be moving out and into stellar center and
it excluded by the physical reason. Secondly, the split-
ting low-exitational absorptoins line profiles variations
are not independent.

In the hypergiant atmosphere V1302 Aql = IRC+10420
the layers moving out and falling into the stellar center
are present simultaneously (Humphreys et al. [21]).

IV. CONCLUSIONS

We have analysed the characteristics of 12 high-
resolution spectra of ρ Cas obtained during the different
observational seasons 2007–2011. Stellar effective tem-
perature changes in the range of 5777–6744 K.
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Due to a wide wavelength range the field of velocities
have been studied using the record high number of single
absorptions (a few hundred ones in each spectrum) and
splitting lines (from 16 in the visual range to 43 in the
short-wave one).

The field of velocities from the single absorptional lines
changes from date to date. In the single moments the de-
pendence of radial velocity from line intencity has been
observed and this fact points out to the existence of the
radial velocity gradient in the stellar atmosphere. In the
long-wave components of splitting absorptions forming
region this radial velocity gradient (exceeding 15 km s−1

for single moments), at the trend of velocity, depending
on the line depth is a prolongation of the same one for
the single lines. In the single dates the radial velocity
gradients from short-wave components take place too,
but they are poorly pronounced and their values do not
exceed 6 km s−1.

The main conclusion consists in the fact that the long-
wave components of splitting absorptions are the usual
photospherical ones, and their forming region and cor-
responding radial velocity do not differ for the same for
single absorptions. And the short-wave splitting absorp-
tions components form in the expanding circumstellar
shell.
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СПЕКТР ЖОВТОГО ГIПЕРГIГАНТА ρ CAS ПРОТЯГОМ 2007–2011 рр.

В. Г. Клочкова1, I. А. Усенко2

1Спецiальна астрономiчна обсерваторiя РАН, м. Нижнiй Архис, 369167, Росiя
2Астрономiчна обсерваторiя Одеського нацiонального унiверситету,

парк Т. Г. Шевченка, м. Одеса, 65014, Україна

Численнi спостереження, виконанi протягом 2007–2011 рр. за допомогою спектроскопiї з високою роздi-
льною здатнiстю на 6-м телескопi БТА САО РАН, дали змогу дослiдити в деталях пекулярнi особливостi
оптичних та ультрафiолетових спектрiв i полiв швидкостей в атмосферi жовтого гiпергiганта ρ Cas. Радiаль-
нi швидкостi, отриманi за допомогою симетричних лiнiй поглинання металiв, змiнюються з часом стосовно
до системної швидкостi Vsys = −47± 1 км/с, та цей факт збiгається з малоамплiтудними пульсацiями атмо-
сферних шарiв поблизу фотосфери. В окремi моменти спостерiгали ґрадiєнт швидкостi в глибоких шарах
атмосфери. Радiальна швидкiсть отримана за допомогою короткохвильових компонент Ba II, Sr II, Ti II та
iнших сильних лiнiй iз низкими потенцiалами збудження, наявна у вузькому лiмiтi Vblue ∼ −60÷−70 км/с.
Ми припускаємо, що короткохвильовi компоненти формуються в навколозорянiй оболонцi, точно так, як
одна з компонент дублета лiнiй натрiю D Na I.
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