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Spectroscopic Studies of the Classical Cepheid ζ Gem:
Analysis of the Velocity Field in the Atmosphere and Manifestation

of the Presence of a Circumstellar Envelope

I. A. Usenko*

Astronomical Observatory, Odessa National University, Shevchenko Park, Odessa, 65014 Ukraine
Received December 21, 2015

Abstract—Based on five high-resolution spectra in the range 5625–7525 Å taken in 1995 and covering the
ascending branch of the light curve from minimum to maximum, we have performed spectroscopic studies
of the classical Cepheid ζ Gem. The atmospheric parameters and chemical composition of the Cepheid
have been refined. The abundances of the key elements of the evolution of yellow supergiants are typical
for an object that has passed the first dredge-up: a C underabundance, N, Na, and Al overabundances,
and nearly solar O and Mg abundances. We have estimated [Fe/H] = +0.01 dex; the abundances of the
remaining elements are also nearly solar. The metal absorption lines in all spectra show a clear asymmetry
and the formation of secondary blue (B1 and B2) and red (R1 and R2) components, just as for the Cepheid
X Sgr. The Hα absorption line is also split into blue (B) and red (R) components with different depths
changing with pulsation phase. To analyze the velocity field in the atmosphere of ζ Gem, we have estimated
the radial velocities from specially selected (with clear signatures of the B1, B2, R1, and R2 components)
absorption lines (neutral atoms and ions) of metals (38 lines) and the B and R components of the Hα line.
Analysis of these estimates has shown that their scatter is from −22 to 36 km s−1 for all pulsation phases
but does not exceed 35–40 km s−1 for each individual phase, while it does not exceed 22 km s−1 for the Hα
line components. The radial velocity estimates for the metal lines and their B1 and B2 components have
been found to depend on the depths, suggesting the presence of a velocity gradient in the atmosphere. No
significant difference in velocities between the atoms and ions of the metal lines is observed, i.e., there is no
significant inhomogeneity in the upper atmospheric layers of the Cepheid. Since the averaged radial velocity
estimates for the cores of the metal lines and their B1 and B2 components change with pulsation phase and
coincide with those for the B component of the Hα line, they are all formed in the Cepheid’s atmosphere.
The formation and passage of a shock wave due to the κ-mechanism at work can be responsible for the
stronger scatter of the B1 and B2 components in their velocities at phases after the Cepheid’s minimum
radius. The averaged velocities of the R1 components also change with pulsation phase and differ only
slightly from the remaining ones. On the other hand, the mean velocity estimate for the R component of
the Hα line at all phases is +32.72± 2.50 km s−1 and differs significantly from the bulk of the velocities,
suggesting the formation of this component in the envelope around the Cepheid. The unusual behavior of
the mean velocities for the R2 components of the metal absorption lines can also point to their formation in
the envelope and can be yet another indicator of its presence around ζ Gem.

DOI: 10.1134/S1063773716060074

Keywords: Galactic Cepheids, optical spectra, atmospheric parameters, chemical composition,
secondary components of metal absorption lines, splitting of hydrogen absorption lines, radial
velocities, gaseous circumstellar envelopes.

INTRODUCTION

The classical Cepheid ζ Gem is one of the bright-
est and interesting representatives of this class of
pulsating variable yellow supergiants in the Galaxy.
Having a pulsation period of 10d.15 (Kholopov et al.
1986), the variable is between the classical Cepheids

*E-mail: igus99@ukr.net

(DCEP) with pulsation periods from 7d to 9d (for
which a characteristic secondary maximum or a
“crest” beginning from the minimum and approach-
ing the maximum as the pulsation period increases
is observed on the descending branch of the light,
color, and radial velocity curves) and the objects
with pulsation periods longer than 10d (when the
crest is displaced from maximum to minimum along
the ascending branch of the light, color, and radial
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velocity curves). The coincidence of the primary
and secondary maxima in ζ Gem imparts a nearly
sinusoidal shape to these curves, just as for small-
amplitude Cepheids (DCEPS); therefore, some au-
thors assign the variable to this class. ζ Gem is also
a calibration object for the period–luminosity–color
(P–L–C) relation.

While investigating the behavior of the radial
velocity curves for the Cepheid measured from metal
absorption lines and Hα, Jacobsen and Waller-
stein (1982) detected a significant positive displace-
ment of the latter, just as for the shorter-period
Cepheid η Aql (P = 7d) and the longer-period X Cyg
(P = 16d). Such a phenomenon for three Cepheids
with pulsation periods close to 10d (S Mus, β Dor,
and S Nor) was detected previously by Rogers and
Bell (1967a, 1967b) and Schmidt (1970). Jacobsen
and Wallerstein (1982) pointed out that the Hα line
shows a strong asymmetry with a red core and a
blueshifted wing, while the displacement between the
radial velocity curves measured from the iron and Hα

lines is 9 km s−1 or about 0P. 2 of the phase cycle.
The authors gave a possible explanation for this phe-
nomenon: the appearance of a wave reflected from the
upper chromosphere that provides some combination
of compression, recombination, and downward veloc-
ity in the stellar atmosphere. Nardetto et al. (2008)
showed the peculiar behavior of the Hα line to be
very typical for Cepheids with periods longer than
10d and offered the version that this effect could be
due to the presence of an extended circumstellar
envelope. Kervella and Dominicano de Souza (2006),
Mérand et al. (2006, 2007), Barmby et al. (2011), and
Gallenne et al. (2012) (the observations of Cepheids
on the FLUOR infrared interferometer, the Spitzer
Space Telescope, and the VISIR infrared photometer)
confirmed the presence of such envelopes around
many Cepheids (in particular, around the above-
mentioned S Mus, X Cyg, and η Aql).

While investigating high-resolution spectra for
the peculiar Cepheid X Sgr (P = 7d), Mathias et al.
(2006) detected a multicomponent structure in the
metal absorption lines, i.e., the presence of two
or three red and/or blue components in each line,
depending on the pulsation phase. The authors in-
terpreted this phenomenon as a manifestation of two
consecutive shock waves in the atmosphere, one be-
ing apparently related to the so-called κ-mechanism
at work, while the origin of the second shock was un-
clear. After the detection of a circumstellar envelope
of gas and dust around X Sgr (Gallenne et al. 2012),
Usenko et al. (2013) suggested that its presence
could explain the multicomponent structure of the
metal absorption lines. In this and subsequent papers

(Usenko et al. 2014a, 2014b; Usenko and Klochko-
va 2015), by analyzing the anomalous behavior of the
Hα, Hβ, and metal absorption lines, it was concluded
that such envelopes could be present not only around
long-period Cepheids (SZ Cas, RU Sct) but also
around short-period ones (Y Sgr, BG Cru, AV Cir,
BP Cir, LR TrA, BY Cas). Thus, taking into account
the anomalous behavior of the Hα line in ζ Gem, it
is suggested that a circumstellar envelope may be
present around this Cepheid.

OBSERVATIONS AND PRIMARY
REDUCTION

In this paper, we used five spectra of ζ Gem taken
in September 1995 with the Coudé spectrograph of
the Kitt Peak National Observatory (Fry and Car-
ney 1997) and provided by B. Carney. The resolution
is R ≈ 30 000, the signal-to-noise ratio is S/N =
167−180 for 18 spectral orders in the spectral range
5625–6890 Å with a length of each from ≈75 to
≈90 Å and one order 7425–7525 Å with a length
of 100 Å. The spectra were taken in an interval of
seven consecutive nights. According to the data of
the above authors, this allowed half of the pulsation
period from minimum to maximum light to be cov-
ered.

The primary image reduction was performed with
the IRAF software package. The spectra were con-
verted to the format of the DECH 20 software pack-
age (Galazutdinov 1992), which was used to mea-
sure the absorption line equivalent widths and radial
velocities. The Julian dates of the observations were
taken from Fry and Carney (1997), while the pulsa-
tion phases were calculated using the ephemerides
from Kiss (1998) and are presented in Tables 1 and 3.
Due to their significant asymmetry and the multicom-
ponent structure of individual lines, the equivalent
widths of the metal absorption lines were measured
mostly by direct integration and, in rare cases, by
Gaussian fitting.

DETERMINATION OF THE ATMOSPHERIC
PARAMETERS AND CHEMICAL

COMPOSITION

To determine the effective temperature, Fry and
Carney (1997) used the (B − V )−Teff relation for
Cepheids (Fry and Carney 1999) followed by its im-
provement according to the spectroscopic criterion
for the neutral iron abundance being independent of
the lower-level excitation potential. The values of
log g and Vt were determined from the equality of the
abundances derived from Fe I and Fe II lines and from
the absence of any dependence of the Fe I abundances

ASTRONOMY LETTERS Vol. 42 No. 6 2016



SPECTROSCOPIC STUDIES OF THE CLASSICAL CEPHEID 395

Table 1. Atmospheric parameters of ζ Gem for each spectrum

HJD
2440000+

Phase
This paper FC97*

Teff , K log g Vt, km s−1 Teff , K log g Vt, km s−1

9981.9975 0.495 5229 ± 6 1.40 4.10 5250± 50 1.50 3.40

9982.9872 0.593 5344 ± 10 1.40 4.70 5310± 50 1.50 2.90

9985.0197 0.793 5694 ± 8 1.60 4.50 5675± 50 1.70 3.30

9986.0172 0.891 5748 ± 6 1.70 4.50 5750± 50 1.70 3.20

9987.0040 0.988 5847 ± 7 1.90 4.60 5875± 50 2.00 3.30

∗ FC97 stands for Fry and Carney (1997).

on their equivalent widths, respectively. For com-
parison, these estimates are given in columns 6–8 of
Table 1. In this paper, we used more perfect methods
for determining the atmospheric parameters of ζ Gem
using spectroscopic criteria.

(1) The effective temperature Teff was determined
from the depth ratios of the lines of iron-peak ele-
ments for pairs of lines with different excitation po-
tentials calibrated by Kovtyukh (2007). The accuracy
of the temperature is 6–10 K.

(2) The surface gravity log g was determined from
the condition for the abundances derived from Fe I
and Fe II lines being equal. The mean accuracy of
this parameter is 0.15 dex.

(3) The microturbulent velocity Vt was determined
from the condition for the Fe II abundance being
independent of the line equivalent width Wλ. Its mean
accuracy is 0.25 km s−1.

We computed the model atmospheres and chem-
ical composition for each spectrum using a version
of the WIDTH9 code based on the grid of models
by Kurucz (1992) with the solar estimates of log gf
taken from Kovtyukh and Andrievsky (1999). The
derived atmospheric parameters are presented in Ta-
ble 1. For our analysis, we used lines with equivalent
widths of no more than 160 mÅ, because large errors
are possible for stronger lines due to the inaccuracy of
the damping constants.

Table 2 presents the estimated elemental abun-
dances relative to the Sun [El/H] with their errors σ
and gives the number of lines NL used for a given el-
ement. For comparison, column 5 gives the averaged
elemental abundances from Luck et al. (2008). Com-
plete information about the influence of uncertainties

in determining the atmospheric parameters on the
elemental abundance estimates is described in Berd-
nikov et al. (2010). For the elements with a hyperfine
line structure , we used the values of log gf obtained
by summing all oscillator strengths for a given line.
As is pointed out in Berdnikov et al. (2010), given
the accuracy of the parameter determination and the
equivalent width measurement, the mean error of
their abundances for supergiants is 0.2–0.3 dex.

SPECTRAL ABSORPTION LINES
AND RADIAL VELOCITY MEASUREMENTS

Based on IUE ultraviolet spectra, Schmidt and
Parsons (1984) detected deep blueshifted absorptions
in the emission components of the Mg II h and k
resonance lines for the Cepheid. They explained this
phenomenon as an intense mass loss from the sur-
face (stellar wind) and estimated it to be 10−10 M�.
Subsequently, Deasy (1988) showed that such a stel-
lar wind could be detected by blueshifted absorption
dips not only in the Mg II h and k lines but also in
the Ca II H and K lines as well as in Hα. Since
the Mg II h and k lines are good indicators of cir-
cumstellar absorption and the possible presence of
an envelope and since the velocities measured from
the blueshifted absorptions lie within the range from
−120 to −160 km s−1 (depending on the pulsation
cycle), the mass of the possible envelope estimated
from them was ∼2.5 × 10−10 M�, while the mass
loss was 10−10 M�. While analyzing the spectra of
ζ Gem taken in the infrared range 10 800–16 000 Å,
Sasselov and Lester (1990) detected an asymmetry
of the photospheric absorption lines in it (just as in
other seven investigated Cepheids except for α UMi).

ASTRONOMY LETTERS Vol. 42 No. 6 2016



396 USENKO

Table 2. Elemental abundances in the atmosphere of
ζ Gem

Species
This paper LAFK08*

[El/H] σ NL [El/H]

C I –0.29 0.13 28 –0.22

N I +0.45 0.11 10 –

O I –0.04 0.07 14 –0.05

Na I +0.21 0.09 11 +0.24

Mg I –0.06 0.13 12 –0.09

Al I +0.17 0.11 10 +0.12

Si I +0.03 0.09 109 +0.02

Si II +0.30 0.03 5 +0.18

S I +0.12 0.18 27 +0.07

Ca I –0.08 0.09 25 –0.07

Sc I +0.11 0.12 10 +0.10

Sc II –0.20 0.05 10 +0.05

Ti I –0.00 0.13 98 +0.00

Ti II –0.01 0.05 5 –0.02

V I –0.01 0.09 72 –0.02

V II –0.13 0.09 10 –0.13

Cr I –0.03 0.115 52 –0.02

Cr II +0.20 0.11 5 +0.13

Mn I –0.18 0.09 17 +0.03

Fe I +0.01 0.10 593 +0.01

Fe II +0.01 0.07 112 +0.02

Co I –0.16 0.06 40 –0.16

Ni I –0.12 0.10 174 –0.01

Cu I –0.06 0.09 9 –0.02

Zn I +0.20 0.16 5 +0.20

Y I +0.39 0.15 6 +0.25

Y II +0.18 0.05 9 +0.21

Zr II –0.18 0.17 8 –0.09

Ru I –0.38 0.15 3 –

La II +0.15 0.11 10 +0.14

Ce II –0.07 0.06 9 –0.11

Nd II +0.04 0.22 15 +0.04

Eu II +0.03 0.09 10 +0.05

Gd II –0.16 0.13 5 +0.00
∗ LAFK08 stands for Luck et al. (2008).

The asymmetry manifested itself on both blue and red
sides of the lines: as an example, the Si I 10 844 Å
and C I 10 707 Å lines were shown at phases 0P. 27
and 0P. 77, respectively (see Figs. 4 and 5 from their
paper). However, the appearance of additional ab-
sorption line components, as in X Sgr, δ Cep, and
η Aql, was not recorded in ζ Gem. As has already
been mentioned in the Introduction, a multicompo-
nent structure and an absorption line asymmetry at
optical wavelengths as well as the presence of en-
velopes are typical for these three Cepheids.

A visual estimate of the five spectra used in this
paper suggests that a multicomponent structure of
the absorption lines, which is so prominent, for ex-
ample, in X Sgr, is also present here: the secondary
components appear and disappear on both blue and
red sides of the line for both neutral atoms and ions,
depending on the pulsation phase (see Figs. 1–3),
and with different values of χlow (Fig. 4). How-
ever, the most interesting fact is that in ζ Gem, just
as in X Sgr (Mathias et al. 2006), the secondary
components are split into two components, with this
phenomenon being most pronounced in weak lines
(Fig. 5). The strong Na I D resonance lines also
exhibit blue and red components (Fig. 6).

The Hα absorption line profile also looks unusual:
its splitting into two components is noticeable, with
the line core being shifted from the blue region to the
red one with rising effective temperature due to the
change in pulsation phase (Fig. 7).

To investigate the dynamical processes in the
atmosphere and envelope of the yellow hypergiant
ρ Cas, Klochkova et al. (2014) used the radial
velocities measured not only from the cores of the
hydrogen and metal absorption lines but also from
the blue and red components of these lines. Particular
attention was given to the lines of neutral atoms and
ions with low lower-level excitation potentials χlow
and to the Na I D resonance lines. Therefore, in
this case with ζ Gem, the same technique but with
some distinctions was used. The bulk of the radial
velocities were estimated from the cores of the metal
absorption lines and Hα (see Table 3). In contrast,
the so-called anomalous lines, unblended ones, with
a clear presence of such components (preference was
given to the lines where two or three components were
present, depending on the pulsation phase) and with
different intensities were selected for the estimates
from the blue and red components. Apart from the
Hα absorption line, a total of 38 such anomalous lines
of neutral atoms and ions of metals were selected
in the range 5625–6800 Å (see Table 4). As can
be seen from Table 4, there are lines not only with
low values of χlow but also with high ones in this
list. Apart from the radial velocity estimates, the
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Table 3. Radial velocities of ζ Gem for each spectrum determined from the metal absorption lines and Hα profile
components

HJD
2440000+

Phase
Metal lines Hα

RV , km s−1 σ, km s−1 NL RVB , km s−1 r RVC , km s−1 r RVR, km s−1 r

9981.9975 0.495 20.88 1.01 399 6.82 0.669 22.59 0.632 32.33 0.568

9982.9872 0.593 12.28 1.13 332 3.75 0.666 13.59 0.662 32.57 0.607

9985.0197 0.793 4.09 0.81 355 −5.83 0.602 4.09 0.651 37.17 0.767

9986.0172 0.891 2.20 0.73 348 −13.43 0.594 3.34 0.647 32.11 0.710

9987.0040 0.988 0.07 1.01 339 −15.31 0.609 −0.05 0.651 29.41 0.666

NL is the number of lines, r is the depth of the Hα line components, RVB—from the blue line component, RVC—from the line center,
RVR—from the red line component.

depths were also measured for these lines and their
components. The same procedure was also performed
for Hα (Table 3). Tables 5–9 present these values
for each of the five spectra, where column C gives
the estimates from the line core, columns В1 and В2
give the estimates from the blue components located
closer to and farther from the line core, respectively,
and columns R1 and R2 give the estimates from the
red components located closer to and father from the
line core, respectively.

DISCUSSION

Atmospheric Parameters and Chemical Composition

It can be seen from the results obtained in this
paper that the Cepheid’s derived atmospheric param-
eters (Table 1) Teff and log g differ only slightly from
those in Fry and Carney (1997), while this difference
for Vt is more significant. As regards the elemental
abundances in the atmosphere of ζ Gem (Table 2),
the results from Luck et al. (2008) were used for
comparison, because Fry and Carney (1997) did not
provide detailed estimates for each element. Only
the mean abundance estimates, [Fe/H] = +0.00 ±
0.04 dex and [α/Fe] = +0.07 ± 0.03 dex, were pre-
sented. Luck et al. (2008) estimated the abundance
of 25 elements, with the exception of nitrogen and
ruthenium.

It can be seen from Table 2 that the abundances
of the key elements of the evolution of yellow super-
giants in the atmosphere of ζ Gem are typical for a
Cepheid that has passed the first dredge-up: a carbon
underabundance, nitrogen, sodium, and aluminum

overabundances, and solar oxygen and magnesium
abundances. The abundances of the α-elements, Fe-
peak elements, and r- and s-process elements are
also nearly solar. There is good agreement of our
estimated with the results of Luck et al. (2008).

Analysis of the Velocity Field in the Cepheid’s
Atmosphere and the Presence of a Circumstellar

Envelope

As the Cepheid’s mean radial velocity, we used
the estimate of 〈Vr〉 = +6.7 km s−1 taken from the
catalog of Wielen et al. (1999). Since 〈Vr〉 changes
within 1 km s−1, it was chosen closer to the date at
which the spectra were taken. To analyze the velocity
field, we used the graphs of the dependence of the
radial velocity estimates on line depth (Tables 5–9)
and the change of the radial velocities estimated from
the cores of the metal absorption lines, their blue and
red components, and the Hα line components (Fig. 8)
as well as the dependence of the averaged velocity
estimates for these lines and their components on
pulsation phase (Fig. 9). It follows from these tables
and figures that the scatter in velocities is from −22
to +36 km s−1 for all pulsation phases, which is quite
significant (for the hypergiant ρ Cas, it is from −10
to −70 km s−1 (Klochkova et al. 2014)), but it does
not exceed 35–40 km s−1 for each individual phase,
except for the Hα line components. It is best to
consider the behavior of the radial velocity estimates
for each individual spectrum. For comparison, we
used the curve of radius variation for the Cepheid from
Russo and Sollazzo (1980).

ASTRONOMY LETTERS Vol. 42 No. 6 2016
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Fig. 1. Changes of the Cr I 6767.770 Å (χlow = 1.83 eV)
absorption line profile with increasing pulsation phase
(from bottom to top).

(1) Phase 0PPP... 495. The time of minimum light,
when the Cepheid was contracting and its radius
decreased approximately by a quarter of the maximum
value. As can be seen from the graph in Fig. 8, there
is some dependence of the radial velocities measured
from the cores of the metal lines on the depth of these
lines, with no significant difference between the neu-
tral atoms and ions being observed. The same depen-
dence is also typical for the B2 components and is very
weak for the B1 components. The R2 components are
farthest from the bulk of the lines in the red region,
and the velocity difference exceeds 15 km s−1. The
R2 component of the Na I D 5889.966 Å resonance
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Fig. 2. Changes of the Fe II 5991.375 Å (χlow = 3.15 eV)
absorption line profile with increasing pulsation phase
(from bottom to top).

line shows the greatest “red” velocity close to the R
component of the Hα line, and two strong B1 com-
ponents are present in both doublet lines. There are
a total of three R1 components, and the existence of
such a dependence cannot be judged from them. On
the other hand, the velocity of the B component of the
Hα line coincides with 〈Vr〉. It can be seen from Fig. 9
that the averaged velocity of the B2 components also
coincides with the estimate from the B component
of the Hα line and with 〈Vr〉. At the same time, the
averaged velocity from the R2 components coincides
closely with the radial velocity estimated from the
R component of the Hα line. The depth of the B
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Fig. 3. Changes of the Ba II 6496.910 Å (χlow = 0.60 eV) absorption line profile with increasing pulsation phase (from bottom
to top).

component of the Hα line exceeds the depth of its R
component. In total, the number of components at
this phase is: 30 B1 (maximum number), 19 B2, 3 R1
(minimum number), and 8 R2.

(2) Phase 0PPP... 593. This spectrum corresponds
exactly to the mean radius of the Cepheid. There is
further contraction. The dependence of the radial ve-
locities on line depth becomes less pronounced when
estimated from the metal line cores and is virtually ab-
sent when estimated from the B1 and B2 components
(see Fig. 8). The R1 components approach the R2
components. The difference in velocity for the latter
from the bulk of the lines decreases: the R2 com-
ponents are blueshifted approximately by 10 km s−1.

Only strong B1 components are observed in the Na I
D resonance lines. There is a large blue shift of the
B component of the Hα line. It can be seen from
Fig. 9 that the approach of this B component to the
mean velocity for the B1 component, which, in turn,
approaches 〈Vr〉, is characteristic for this phase. On
the other hand, the velocity for the R component of the
Hα lines remains essentially unchanged. The depth
of the B component of the Hα line approaches that for
the R component. In total, the number of components
at this phase is: 18 B1, 29 B2 (maximum number),
6 R1, and 5 R2 (minimum number).

(3) Phase 0PPP... 793. The minimum radius is the
maximum contraction of the Cepheid’s atmosphere.
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Fig. 4. Changes of the Fe II 6369.460 Å (χlow = 2.89 eV) and Si II 6369.460 Å (χlow = 8.12 eV) absorption line profiles with
increasing pulsation phase (from bottom to top).

The radial velocities determined from the metal line
cores are close to 〈Vr〉. The B1 and B2 components
are blueshifted further, with the scatter in velocities
for the B2 components increasing (∼10 km s−1); the
R2 components also continue to be blueshifted and
approach the R1 components. As in the previous
case, there are only strong B1 components in the Na I
D resonance lines. There is no apparent dependence
of the radial velocities estimated from the cores of
the metal lines and their components on line depth
either. The depth of the R component of the Hα line
and its velocity reach their maximum values, while
the B component continues to be blushifted further
(Fig. 8). Remarkably, the velocity estimate for the
B component of the Hα line is intermediate between
the averaged velocity estimates for the B1 and B2
components (Fig. 9). The averaged velocity estimate
for the R1 component is close to 〈Vr〉. In total, the
number of components at this phase is: 27 B1, 12 B2,
17 R1, and 8 R2.

(4) Phase 0PPP... 891. The stage of expansion of the
Cepheid’s atmosphere and further increase in its ra-
dius. A slight dependence of the radial velocities esti-
mated from the metal line cores on line depth begins
to manifest itself. The same can also be said about
the B1 components, though an increase of the scatter
in velocities to 10 km s−1 is noticeable from them.
The same scatter in velocities is also noticeable for the
B2 components. These components reach their max-
imum blueshift. The R1 and R2 components show
no such dependence, while the averaged velocity es-
timate for the R1 components coincides with 〈Vr〉
(Fig. 8). The velocity difference between the R1 and
R2 components remains approximately the same as
that at the previous phase; their mean values change
insignificantly. A strong B1 component is observed in
the Na I D 5889.966 Å resonance line, and a strong
R1 component is observed in the 5895.932 Å line. At
this phase, the velocity of the B component of the Hα
line coincides with the averaged velocity estimate for
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Fig. 5. Changes of the Zr II 6114.690 Å (χlow = 1.66 eV)
absorption line profile with increasing pulsation phase
(from bottom to top).

the B2 component, while the velocity of the R com-
ponent of the Hα line is approximately equal to those
at phases 0P. 495 and 0P. 593 (Fig. 9). The depth of the
R component continues to decrease; the difference in
depth for both components also decreases. In total,
the number of components at this phase is: 25 B1, 9
B2 (minimum number), 19 R1 (maximum number),
and 10 R2.

(5) Phase 0PPP... 988. Maximum light, the Cepheid’s
atmosphere continues to expand, and its radius in-
creases approximately by a quarter. The slight de-
pendence of the radial velocities estimated from the

metal line cores on line depth that manifested itself
at the previous phase persists; it is unnoticeable for
the B1 components. The scatter in velocities for the
B2 components is retained as before, and they show
a maximum blueshift as before. The positions of the
R1 and R2 components remain virtually the same as
do their averaged velocity estimates, and the mean
velocity of the R1 component also coincides with 〈Vr〉
(Fig. 8). On the other hand, only two strong R1
components are observed in the Na I D lines. The
coincidence of the velocity for the B component of the
Hα line with the averaged velocity estimate for the
B2 components is retained (Fig. 9). The velocity of
the R component of the Hα line slightly decreases,
its depth also decreases, while it increases for the B
component. In total, the number of components at
this phase is: 12 B1 (minimum number), 11 B2, 17
R1, and 12 R2 (maximum number).

Thus, the revealed dependence of the radial ve-
locities measured from the cores of the metal lines
and their B components on line depth suggests the
presence of a velocity gradient in the Cepheid’s at-
mosphere. This dependence is observed at the times
of contraction of the atmosphere to its minimum ra-
dius and subsequent expansion. Such a dependence
was occasionally observed in the atmosphere of the
hypergiant ρ Cas (Klochkova et al. 2014) and was
also explained by variability due to pulsational activ-
ity. Nevertheless, in contrast to ρ Cas, no significant
difference in the velocities measured from the lines
of neutral atoms and ions is observed in ζ Gem.
Consequently, in the outer atmospheric layers of the
Cepheid, there is no significant inhomogeneity, as in
ρ Cas.

The mean radial velocities of the B1 and B2 com-
ponents are seen to change with pulsation phase
similarly to the velocities measured from the metal
line cores. The coincidences of the averaged velocity
estimates for the B1 and B2 components (including
the components of the Na I D resonance lines) with
the velocities of the B component of the Hα line at all
five pulsation phases show that all these components
are formed in the Cepheid’s atmosphere (Fig. 9). The
formation and passage of a shock wave due to the
κ-mechanism at work, which was written about by
Mathias et al. (2006), can be responsible for the de-
crease in the number of B1 and B2 components with
pulsation phase and the stronger scatter in their ve-
locities at three phases from the Cepheid’s minimum
radius.

The most important point is the behavior of the R
component of the Hα line. Its radial velocity remains
essentially unchanged, +32.72 ± 2.50 km s−1, except
for its slight increase to +37.17 km s−1 at the phase
of the Cepheid’s minimum radius (Fig. 9). At this
time, the difference in velocities with the B component
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Fig. 6. Changes of the Na I D 5895.932 Å and 5899.297 Å absorption line profiles with increasing pulsation phase (from bottom
to top).

reaches a maximum value of 33.08 km s−1, while a
slight change in the radial velocity of the Hα core with
pulsation phase compared to that determined from the
metal lines for Cepheids is one of the indicators of
the presence of a circumstellar envelope (Usenko and
Klochkova 2015). Hence an important conclusion
follows: the R component of the Hα line is formed in
the envelope of ζ Gem and is its indicator, because
the velocity of this component is not related in any
way to the pulsational changes in the supergiant’s
atmosphere.

The behavior of the R1 and R2 components
is more enigmatic. Their number is minimal at
the phase of minimum light and the phase of the

Cepheid’s mean radius and then increases sharply at
the phase of its minimum radius. The mean velocity
of the R2 components at the phase of minimum
light virtually coincides with the velocity of the R
component of the Hα line, and these components
are farthest in velocity from the R1 components.
Subsequently, the velocity difference between these
components decreases and remains essentially con-
stant for all the remaining pulsation phases. The
scatter in velocities for the R1 components is not
as significant as that for the R2 components. The
mean velocities of the R1 components also change
gradually with pulsation phase, as do those for the
B1 and B2 components, and they are probably also
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Fig. 7. Changes of the Hα 6562.850 Å absorption line profile with increasing pulsation phase.

formed in the Cepheid’s atmosphere. For the R2
components, such changes in the mean velocities
are observed only until the phase of minimum radius,
whereupon they become almost identical (Fig. 9).
Klochkova et al. (2014) showed that the short-
wavelength components of lines with low lower-
level excitation potentials (most of them are located
in the blue spectral range), which differ noticeably
in radial velocities from other absorption lines, are
formed precisely in the envelope of ρ Cas. As follows
from Tables 5–9, in the R2 components, especially
for the spectrum at the phase of minimum light, the
lines with low χlow (up to 5.00 eV) constitute the
overwhelming majority, but the Si II 6371.355 Å line
with χlow = 8.12 eV is present. Therefore, it is rather

difficult to state categorically that all R2 components
can also be formed in the circumstellar envelope,
though the R2 component of the Na I D 5889.966 Å
resonance line may well be formed in it.

If the radial velocities estimated from the metal line
cores and Hα in this paper are compared with those
from Jacobsen and Wallerstein (1982) (see Table 1
and Fig. 1 from their paper) for their 1979–1981 data
set, then it can be noticed that the amplitude of the
radial velocity curve from the metal lines is slightly
smaller (Fig. 9). The radial velocity curve from the Hα
core constructed by these authors has an amplitude
of ∼36 km s−1. In this paper, as can be seen from
Fig. 9, the radial velocities estimated from the Hα
line center (crosses) do not differ in any way from
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those measured from the metal lines. On the other
hand, the difference in the mean velocity estimates
obtained from the B and R components of the Hα
line is ∼37.5 km s−1. Consequently, Jacobsen and
Wallerstein (1982) obtained their estimates for the
Hα curve by measuring the radial velocities from the
dominant B or R component in the line core at a
given pulsation phase. Hence a characteristic “shift
in phase” arises between the radial velocity curves
constructed from the cores of the metal lines and Hα,
respectively.

CONCLUSIONS

Through detailed studies of five high-resolution
spectra for the classical Cepheid ζ Gem on the as-
cending branch of the light curve, we estimated its
atmospheric parameters, chemical composition, and
radial velocities measured from the cores of metal
lines, the blue and red components of specially chosen
metal lines, and the Hα line. Based on these results,
the following conclusions can be reached.

(1) The atmospheric parameters of the Cepheid
were refined for each spectrum. Our estimates of
the chemical composition show that, according to the

abundances of the key elements of the evolution of
yellow supergiants, ζ Gem has already passed the
first dredge-up and crosses the Cepheid instability
strip not for the first time. The abundances of all the
remaining elements are nearly solar.

(2) The overwhelming majority of metal absorp-
tion lines in the Cepheid’s atmosphere show dramatic
changes of the shape with pulsation phase, an asym-
metry and the formation of blue and red components,
often up to two on each side. The Hα absorption line
is also split into blue and red components. Such a
behavior of the metal and hydrogen absorption lines
is observed in Cepheids with circumstellar envelopes
(for example, in δ Cep, η Aql, X Sgr, and others).

(3) The radial velocities measured from the cores
of the metal absorption lines, their blue B1 and B2
and red R1 and R2 components, and the B and R
components of the Hα line showed that their scatter
is from −22 to +36 km s−1 for all pulsation phases
but does not exceed 35–40 km s−1 for each individual
phase. For the B and R components of the Hα line, it
does not exceed 22 km s−1.

(4) Based on the radial velocities measured from
the cores of the metal lines and their B components at

ASTRONOMY LETTERS Vol. 42 No. 6 2016



406 USENKO

Table 4. List of anomalous metal lines in the spectra of ζ Gem used to measure the radial velocities

Wavelength Species χlow, eV Wavelength Species χlow, eV Wavelength Species χlow, eV

5627.490 Fe II 3.39 6114.690 Zr II 1.66 6432.680 Fe II 2.89

5633.970 Fe I 4.99 6127.912 Fe I 4.14 6475.630 Fe I 2.56

5688.217 Na I 2.10 6175.371 Ni I 4.09 6491.572 Ti II 2.06

5717.838 Fe I 4.28 6179.381 Fe II 5.57 6493.788 Ca I 2.52

5783.069 Cr I 3.32 6226.740 Fe I 3.88 6496.910 Ba II 0.60

5889.966 Na I 0.00 6290.971 Fe I 4.73 6516.080 Fe II 2.89

5895.932 Na I 0.00 6302.503 Fe I 3.69 6518.380 Fe I 2.83

5899.297 Ti I 1.05 6314.670 Ni I 4.15 6533.970 Fe I 4.56

5905.670 Fe I 4.65 6320.400 La II 0.17 6546.248 Fe I 2.76

5916.250 Fe I 2.45 6327.608 Ni I 1.68 6606.951 Ti II 2.06

5956.700 Fe I 0.86 6369.460 Fe II 2.89 6748.834 Ca I 5.89

5991.375 Fe II 3.15 6371.355 Si II 8.12 6767.770 Ni I 1.83

6113.322 Fe II 3.22 6390.480 La II 0.32

the times of contraction of the Cepheid’s atmosphere
to its minimum radius and subsequent expansion, we
revealed their dependence on the depths of these lines.
This may be evidence for the presence of a velocity
gradient in the atmosphere. No significant differ-
ence in velocities between the atoms and ions of the
metal lines is observed, which may also suggest the
absence of a significant inhomogeneity in the upper
atmospheric layers of ζ Gem.

(5) Since the averaged radial velocities of the B1
and B2 components (and the B components of the
Na I D resonance lines), along with the velocities
measured from the metal line cores, change with
pulsation phase and coincide with the velocities of the
B component of the Hα line, we concluded that all
these components are formed in the Cepheid’s atmo-
sphere. The formation and passage of a shock wave
due to the κ-mechanism at work can be responsible
for the stronger scatter in their velocities at three
phases from the Cepheid’s minimum radius and the
decrease in the number of these components. The

averaged radial velocities of the R1 components also
change with pulsation phase and differ only slightly
from those determined from the cores of the metal
lines and their B1 and B2 components. Consequently,
they are also formed in the Cepheid’s atmosphere.

(6) The radial velocity of the R component of
the Hα line at all pulsation phases is +32.72 ±
2.50 km s−1, changes very little (except for the time
of the Cepheid’s minimum radius), and differs signif-
icantly from the bulk of the velocities. From this it
follows that the R component of the Hα line is formed
in the envelope of ζ Gem and is an indicator of its
presence.

(7) The R2 components of the metal absorption
lines behave unusually: the mean velocity of the com-
ponents at minimum light coincides with the velocity
of the R component of the Hα line, it then decreases
until the time of minimum radius, whereupon it be-
comes essentially constant. Given that the over-
whelming majority of the lines forming the R2 com-
ponents have low lower-level excitation potentials, it
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Table 5. Radial velocities determined from the anomalous metal lines and their components and their depths in the
spectrum at phase 0P. 495

Wavelength
RV (km s−1)

B2 r B1 r C r R1 r R2 r

5627.490 8.47 0.103 16.09 0.220 23.40 0.290 – – – –

5633.970 4.89 0.156 15.08 0.268 19.18 0.334 – – – –

5688.217 – – – – 21.01 0.583 – – 35.03 0.295

5717.838 – – 14.57 0.246 20.41 0.347 – – 32.12 0.152

5783.069 3.72 0.025 17.01 0.126 20.53 0.158 – – – –

5889.966 – – 16.93 0.827 21.48 0.838 – – 35.94 0.658

5895.932 – – 15.83 0.737 23.48 0.815 – – – –

5899.297 – – – – 19.49 0.268 23.32 0.265 33.27 0.148

5905.670 4.63 0.074 15.36 0.190 21.26 0.285 23.00 0.283 – –

5916.250 – – 12.65 0.306 21.83 0.379 – – – –

5956.700 – – 15.05 0.306 21.10 0.392 – – 31.96 0.133

5991.375 5.84 0.171 16.18 0.287 21.21 0.370 – – – –

6113.322 6.51 0.089 14.80 0.152 19.89 0.240 – – – –

6114.690 6.60 0.047 16.68 0.059 20.46 0.086 – – – –

6127.912 5.32 0.092 – – 21.02 0.261 – – – –

6175.371 5.82 0.074 15.73 0.171 20.16 0.252 – – – –

6179.381 5.77 0.047 13.64 0.055 20.54 0.068 – – – –

6226.740 2.66 0.044 14.25 0.081 20.10 0.170 – – – –

6290.971 5.52 0.193 16.94 0.171 21.81 0.296 – – – –

6302.503 6.42 0.272 – – 20.26 0.392 – – – –

6314.670 – – 10.57 0.235 20.38 0.388 – – – –

6320.400 – – 9.40 0.137 21.11 0.239 – – – –

6327.608 – – 10.99 0.171 21.18 0.273 – – – –

6369.460 – – 10.16 0.160 21.12 0.293 – – – –

6371.355 – – 11.06 0.182 21.03 0.222 – – 34.52 0.077

6390.480 7.06 0.051 14.49 0.115 21.28 0.222 – – – –

6432.680 – – 10.03 0.306 21.24 0.407 – – – –

6475.630 5.13 0.220 10.92 0.313 20.98 0.328 – – – –

6491.572 – – 13.24 0.272 21.12 0.148 – – – –

6493.788 8.19 0.227 – – 21.12 0.523 – – – –

6496.910 7.72 0.411 – – 22.67 0.715 – – – –

6516.080 – – 10.31 0.287 24.19: 0.497 24.24 0.317 – –

6518.380 – – 14.44 0.317 21.05 0.344 – – – –

6533.970 – – 13.42 0.175 19.43 0.182 – – 30.38 0.145

6546.248 8.46 0.284 – – 20.34 0.516 – – – –

6606.951 – – 12.40 0.156 19.80 0.219 – – 33.12 0.089

6748.834 7.01 0.089 – – 19.87 0.114 – – – –

6767.770 – – 12.25 0.242 21.50 0.437 – – – –

r is the depth of the lines and their components, RVB1—from the blue B1 line component, RVB2—from the blue B2 line component,
RVC—from the line core, RVR1—from the red R1 line component, RVR2—from the red R2 line component.
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Table 6. Radial velocities determined from the anomalous metal lines and their components and their depths in the
spectrum at phase 0P. 593

Wavelength
RV (km s−1)

B2 r B1 r C r R1 r R2 r

5627.490 – – 3.22 0.152 13.86 0.234 18.85 0.186 – –

5633.970 –1.01 0.148 – – 10.89 0.279 – – – –

5688.217 – – – – 12.94 0.518 – – 26.09 0.310

5717.838 – – 9.26 0.201 11.88 0.289 – – 24.92 0.118

5783.069 – – 2.33 0.133 12.37 0.105 – – – –

5889.966 – – 2.78 0.755 13.99 0.800 – – – –

5895.932 – – 3.10 0.628 14.55 0.785 – – – –

5899.297 – – 5.40 0.186 14.13 0.200 – – 24.28 0.122

5905.670 0.87 0.133 – – 12.33 0.215 – – – –

5916.250 – – 3.55 0.220 12.58 0.287 – – – –

5956.700 – – 4.65 0.212 13.17 0.288 15.07 0.190 – –

5991.375 –4.11 0.145 7.44 0.280 12.97 0.337 – – – –

6113.322 –0.42 0.141 7.25 0.178 11.37 0.194 – – – –

6114.690 –2.38 0.029 7.25 0.040 12.78 0.054 – – – –

6127.912 –3.94 0.051 5.21 0.163 13.74 0.195 – – – –

6175.371 – – 3.32 0.156 10.48 0.204 – – – –

6179.381 0.70 0.025 7.79 0.036 12.57 0.043 – – – –

6226.740 –1.75 0.062 7.79 0.115 9.43 0.103 – – – –

6290.971 –0.65 0.100 6.63 0.197 12.73 0.237 – – – –

6302.503 –4.88 0.227 3.40 0.280 11.65 0.306 – – – –

6314.670 0.22 0.197 – – 11.60 0.306 – – – –

6320.400 –1.02 0.092 – – 13.88 0.179 – – – –

6327.608 – – 2.17 0.152 11.49 0.192 – – – –

6369.460 – – 4.32 0.175 12.25 0.257 – – – –

6371.355 – – 4.46 0.175 11.65 0.209 19.67 0.137 27.51 0.044

6390.480 0.34 0.062 – – 12.34 0.150 – – – –

6432.680 – – 3.84 0.298 12.69 0.360 – – – –

6475.630 – – 6.73 0.242 11.43 0.250 – – – –

6491.572 – – 3.20 0.283 11.61 0.340 – – – –

6493.788 –2.28 0.182 – – 11.67 0.440 – – – –

6496.910 0.14 0.422 – – 13.51 0.662 – – – –

6516.080 – – 2.30 0.261 10.80 0.422 16.27 0.328 – –

6518.380 – – 2.47 0.220 12.16 0.266 19.97 0.197 – –

6533.970 –1.90 0.044 6.91 0.137 10.07 0.134 – – 21.70 0.137

6546.248 –3.38 0.227 4.75 0.392 12.37 0.429 – – – –

6606.951 – – – – 10.67 0.176 17.67 0.103 – –

6748.834 –0.96 0.047 6.84 0.092 13.59 0.077 – – – –

6767.770 – – 6.74 0.310 12.73 0.359 – – – –

r is the depth of the lines and components, RVB1—from the blue B1 line component, RVB2—from the blue B2 line component, RVC—
from the line core, RVR1—from the red R1 line component, RVR2—from the red R2 line component.
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Table 7. Radial velocities determined from the anomalous metal lines and their components and their depths in the
spectrum at phase 0P. 793

Wavelength
RV (km s−1)

B2 r B1 r C r R1 r R2 r

5627.490 – – – – 4.28 0.238 7.75 0.193 – –

5633.970 –9.46 0.133 0.78 0.268 2.23 0.277 – – 14.21 0.115

5688.217 –7.73 0.261 – – 3.70 0.525 – – 15.23 0.280

5717.838 – – 0.81 0.238 3.43 0.259 8.50 0.235 16.47 0.122

5783.069 –6.14 0.025 –1.10 0.066 3.76 0.078 8.65 0.066 17.35 0.077

5889.966 – – –0.88 0.763 7.69 0.849 – – – –

5895.932 – – 0.01 0.782 6.31 0.808 – – – –

5899.297 – – – – 4.14 0.141 – – 13.34 0.231

5905.670 – – –2.33 0.242 4.60 0.246 7.44 0.238 – –

5916.250 – – –0.53 0.238 3.84 0.242 – – 13.45 0.118

5956.700 – – – – 4.11 0.210 9.17 0.197 – –

5991.375 –6.78 0.186 – – 2.90 0.432 10.47 0.280 – –

6113.322 –8.13 0.092 – – 3.94 0.223 – – – –

6114.690 – – –5.67 0.021 4.28 0.051 9.61 0.059 – –

6127.912 – – –4.55 0.092 4.56 0.171 8.35 0.160 14.42 0.133

6175.371 – – –4.69 0.148 3.11 0.196 – – – –

6179.381 –9.93 0.029 –5.69 0.051 4.59 0.078 – – – –

6226.740 – – –5.81 0.051 3.71 0.107 – – – –

6290.971 – – –5.76 0.238 5.04 0.032 9.29 0.186 16.35 0.047

6302.503 – – 0.75 0.242 4.84 0.385 8.95 0.242 – –

6314.670 – – –2.15 0.253 4.21 0.282 6.43 0.295 – –

6320.400 –10.39 0.070 –2.24 0.118 4.27 0.163 – – – –

6327.608 – – –1.51 0.118 3.75 0.133 9.58 0.070 – –

6369.460 –13.96 0.126 – – 4.16 0.302 – – – –

6371.355 – – –3.90 0.220 4.56 0.298 – – – –

6390.480 –15.65 0.032 –2.98 0.077 4.92 0.148 – – – –

6432.680 – – – – 4.45 0.407 8.41 0.347 – –

6475.630 – – 2.60 0.351 5.18 0.351 7.82 0.351 – –

6491.572 – – –5.90 0.448 4.31 0.107 – – – –

6493.788 –10.19 0.317 – – 4.51 0.516 – – – –

6496.910 –18.10 0.136 – – 4.69 0.725 – – – –

6516.080 – – –7.04 0.340 5.00 0.446 – – 14.75 0.268

6518.380 – – –2.73 0.141 4.56 0.220 11.55 0.242 – –

6533.970 – – – – 2.81 0.119 8.90 0.085 – –

6546.248 – – –5.18 0.321 4.03 0.444 9.98 0.306 – –

6606.951 – – –3.27 0.092 4.47 0.187 – – 11.95 0.059

6748.834 –15.25 0.036 –7.01 0.107 2.88 0.141 – – – –

6767.770 – – –5.44 0.253 4.79 0.327 – – 11.89 0.171

r is the depth of the lines and components, RVB1—from the blue B1 line component, RVB2—from the blue B2 line component, RVC—
from the line core, RVR1—from the red R1 line component, RVR2—from the red R2 line component.
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Table 8. Radial velocities determined from the anomalous metal lines and their components and their depths in the
spectrum at phase 0P. 891

Wavelength
RV (km s−1)

B2 r B1 r C r R1 r R2 r

5627.490 –9.88 0.059 – – 2.24 0.253 8.04 0.178 14.13 0.089

5633.970 – – –0.75 0.276 1.72 0.287 9.13 0.208 – –

5688.217 – – – – 2.40 0.553 – – 14.57 0.287

5717.838 – – – – 2.20 0.257 – – 10.98 0.163

5783.069 – – –5.02 0.055 1.34 0.107 6.28 0.062 – –

5889.966 – – –0.33 0.815 6.50 0.849 – – – –

5895.932 – – – – 2.32 0.808 5.67 0.804 – –

5899.297 – – – – 3.89 0.126 – – 14.36 0.171

5905.670 – – –5.01 0.111 1.84 0.238 8.11 0.152 – –

5916.250 – – 0.23 0.253 0.38 0.253 7.14 0.182 – –

5956.700 – – – – 2.17 0.207 – – 11.09 0.126

5991.375 – – –3.85 0.280 2.65 0.432 – – 10.91 0.133

6113.322 –9.22 0.197 – – 1.91 0.261 5.87 0.197 – –

6114.690 –10.45 0.025 –0.85 0.044 6.33 0.062 – – 10.07 0.051

6127.912 – – –5.09 0.118 2.51 0.182 – – 16.48 0.074

6175.371 – – –6.22 0.152 0.78 0.197 – – – –

6179.381 –9.82 0.032 –0.52 0.077 2.38 0.088 – – – –

6226.740 – – –8.50 0.051 1.11 0.107 – – – –

6290.971 – – –4.40 0.261 1.95 0.235 – – – –

6302.503 – – –1.10 0.291 2.31 0.376 5.42 0.385 – –

6314.670 – – – – 1.85 0.227 6.97 0.227 – –

6320.400 – – –6.83 0.103 2.62 0.167 – – – –

6327.608 –16.12 0.040 –2.52 0.118 2.16 0.130 7.73 0.111 – –

6369.460 –14.51 0.059 – – 2.29 0.327 – – – –

6371.355 – – –5.52 0.205 2.11 0.332 6.24 0.280 – –

6390.480 –20.85 0.044 –8.36 0.100 2.45 0.163 6.51 0.103 – –

6432.680 – – –8.96 0.351 2.30 0.433 5.67 0.216 – –

6475.630 – – 0.75 0.216 3.10 0.299 9.61 0.246 – –

6491.572 – – –3.42 0.433 1.15 0.444 8.14 0.388 – –

6493.788 – – –6.90 0.295 2.32 0.508 9.31 0.261 – –

6496.910 –17.03 0.414 – – 2.07 0.740 – – – –

6516.080 – – – – 2.05 0.476 – – 15.89 0.160

6518.380 – – –7.26 0.077 1.46 0.205 – – 12.73 0.167

6533.970 – – –5.07 0.044 0.92 0.122 8.54 0.070 – –

6546.248 – – – – 1.31 0.438 5.83 0.392 – –

6606.951 – – –5.12 0.122 2.28 0.200 9.01 0.130 – –

6748.834 –15.89 0.074 –2.92 0.145 1.33 0.164 – – – –

6767.770 – – – – 2.21 0.327 7.16 0.253 – –

r is the depth of the lines and components, RVB1—from the blue B1 line component, RVB2—from the blue B2 line component, RVC—
from the line core, RVR1—from the red R1 line component, RVR2—from the red R2 line component.
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Table 9. Radial velocities determined from the anomalous metal lines and their components and their depths in the
spectrum at phase 0P. 988

Wavelength
RV (km s−1)

B2 r B1 r C r R1 r R2 r

5627.490 –11.73 0.040 – – 0.73 0.262 – – 11.50 0.107

5633.330 – – –7.04 0.141 –1.12 0.284 3.09 0.220 – –

5688.217 – – – – –0.18 0.553 – – 12.43 0.268

5717.838 – – – – –0.32 0.253 – – 10.56 0.156

5783.069 – – – – –0.57 0.100 6.21 0.059 – –

5889.966 – – – – 0.76 0.834 3.74 0.845 – –

5895.932 – – – – 0.92 0.823 3.58 0.815 – –

5899.297 – – – – 1.73 0.130 – – 11.97 0.197

5905.670 – – – – –0.18 0.234 – – 8.00 0.126

5916.250 – – –1.46 0.261 –1.29 0.250 5.39 0.182 – –

5956.700 – – – – 0.50 0.186 – – 11.34 0.096

5991.375 – –6.10 0.310 –8.85 0.438 7.67 0.231 – –

6113.322 –16.12 0.074 – – –0.29 0.261 – – – –

6114.690 –13.26 0.017 – – 4.65 0.059 – – 13.89 0.025

6127.912 – – – – 0.27 0.167 6.08 0.126 14.87 0.059

6175.371 – – –8.74 0.148 –0.82 0.197 – – 20.09: 0.047

6179.381 –12.77 0.044 – – –0.26 0.092 – – – –

6226.740 –21.07 0.047 –6.47 0.070 –0.94 0.107 – – – –

6290.971 – – –4.84 0.280 –0.38 0.231 7.02 0.145 – –

6302.503 – – – – 0.29 0.328 4.70 0.340 – –

6314.670 – – – – –0.22 0.261 7.03 0.190 – –

6320.400 – – –8.31 0.040 –0.20 0.156 6.45 0.092 – –

6327.608 –14.61 0.040 –3.76 0.092 –0.96 0.118 – – – –

6369.460 –12.72 0.077 – – 0.59 0.328 – – – –

6371.355 – – –10.74 0.175 0.38 0.350 – – – –

6390.480 –22.00 0.036 – – 0.29 0.152 4.04 0.111 – –

6432.680 – – – – 0.21 0.446 5.80 0.291 – –

6475.630 – – – – 1.96 0.298 7.36 0.238 – –

6491.572 –13.00 0.190 –5.20 0.486 –0.11 0.444 – – – –

6493.788 – – –8.05 0.486 0.02 0.546 – – – –

6496.910 –18.14 0.448 – – 0.48 0.752 – – – –

6516.080 – – – – 0.51 0.489 – – 16.28 0.152

6518.380 – – – – –0.26 0.107 – – 12.45 0.178

6533.970 – – – – –1.76 0.122 5.29 0.066 – –

6546.248 – – – – –0.31 0.422 5.63 0.280 – –

6606.951 – – – – –0.61 0.190 – – 10.04 0.074

6748.834 –16.59 0.044 –4.88 0.096 –0.21 0.171 – – – –

6767.770 – – – – 0.67 0.321 6.23 0.205 – –

r is the depth of the lines and components, RVB1—from the blue B1 line component, RVB2—from the blue B2 line component, RVC—
from the line core, RVR1—from the red R1 line component, RVR2—from the red R2 line component.
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can be hypothesized that these components can also
be formed in the Cepheid’s envelope.

(8) All the above features of the spectra for
ζ Gem are consistent with the main signatures of cir-
cumstellar envelopes around Cepheids described by
Usenko and Klochkova (2015). The main conclusion
follows from this: the Cepheid has a circumstellar
envelope whose presence was previously assumed by
Schmidt and Parsons (1984) and Deasy (1988).
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