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SUMMARY: Spectroscopic observations of close binary star V455 Cygni reveal
many lines that originate in interstellar and circumstellar medium and the atmo-
sphere of the Earth; we found over two hundred such spectral features, and in this
paper we present the list of telluric lines we identified through comparison with
HITRAN database of molecular lines. The lines that remain unidentified or show
peculiar behavior will be discussed in the second part of the paper.
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1. INTRODUCTION

The close eclipsing binary V455 Cygni is a Hα
emission-line star (coordinates α = 20h26m20s.92,
δ = +39o40

′
10

′′
.1, FK5 2000.0/2000.0) in the region

of the emission/absorption nebulae around P Cyg.
V455 Cygni belongs to the OB-association Cyg OB9
(Zakirov and Eshankulova 2004), which is located at
the distance of about 500 pc (Garibdzhanyan 1984).

The preliminary results of our analysis of spec-
troscopic and photometric data suggest that V455
Cygni is a semi detached system in the stage of mass
exchange, with the hotter star having an accretion
disc, and the cooler star filling its Roche-lobe and
streaming gas to its companion (-Durašević at al.
2007). The system is classified as B spectral type, so
we can expect an extended envelope around it. Fur-
thermore, due to the increased density of interstellar

gas in the P Cyg region, spectra of V455 Cygni have
strong interstellar absorption components in some
resonant spectral lines (such as D1 and D2 sodium
lines, or h and k ionized magnesium lines). There-
fore, the spectra of this star are a mixture of lines
from all these different sources; and for successful
separation and examination of these sources we first
need to identify the spectral lines, and determine
their origin.

Another reason for making an effort at identi-
fication of telluric lines in particular is that some of
the mentioned interstellar and circumstellar features
have very similar profiles as the spectral lines that
originate in the Earth’s atmosphere; telluric lines
also have a pronounced influence on profiles of im-
portant lines (in the vicinity of Na I D1 and D2 lines,
Hα region, in infrared A and B bands and so forth).
Identification of telluric lines, effectively eliminating
them from further study, is thus essential for proper
analysis of V455 Cygni’s spectra.
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2. OBSERVATIONS AND REDUCTION

The spectra were obtained with echelle spec-
trograph (R ≈ 10000) linked to the 1.25 m tele-
scope of the Crimean observatory of the Sternberg
Astronomical Institute in September 2004. The spec-
tral range covered by the spectrograph was approxi-
mately 4200 to 7100 Å. Nine spectra were obtained
in the course of two weeks, covering different phases.
The data were processed in the usual way: bias
frames subtracted, the influence of cosmic particles
filtered out, orders found/approximated/extracted,
wavelength calibration done using calibration spec-
tra of a line lamp, orders combined. The result-
ing one-dimensional spectra were divided by the re-
sponse curve of the spectrograph. The spectra were
re-binned to the wavelength bin size of 0.25 Å. Fi-
nally, the continuum was approximated by a spline
function to produce normalized spectra. The pro-
cessing was performed using the MIDAS package.
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An unidentified phase-
independant line at 6686 A

Fig. 1. Spectra of V455 Cygni in three different
phases. We see a typical example of wavelength shift-
ing of He I line at 6678.15 Å due to system’s orbital
motion; the small line in the right clearly does not
originate in the binary.

3. LINE IDENTIFICATION

Since V455 Cygni is a single-lined spectro-
scopic binary, spectral lines originating in stellar at-
mospheres (or in the accretion disk, the gas stream
and other elements comprising this complex sys-
tem) clearly show wavelength shifts corresponding
to orbital motion. Therefore, by overlapping spec-
tra at different phases it is possible to separate such
”stellar” lines from the lines that are created ”out-

side” the system, in the interstellar and circumstel-
lar medium and in the Earth’s atmosphere, as their
wavelengths will not change with orbital phase. The
preliminary inspection of V455 Cygni’s spectra re-
vealed a large number of these phase-independent
features. Fig. 1 shows an excerpt of our spectra in
phases near 0, 0.25 and 0.75; while the wavelength
shift of the strong, broadened stellar line is obvious,
the narrow (so far unidentified) line shows no change
in position.

The identification procedure was as follows.
The spectra from all the phases were overlapped in
a new version of our program for spectral analy-
sis, ISAAC (Latković, Čeki and Vince 2003), so the
phase-independent features were fairly easy to dis-
tinguish. After making a complete list of all such
lines, we tried to identify each one using the HI-
TRAN database (Rothman et al. 2005) of molecular
lines and the atlas of solar spectrum (Moore, Min-
naert, and Houtgast 1966). We created an artificial
spectrum out of the entries in the HITRAN database
by normalizing the line intensities to a maximum lo-
cal to the range of observed spectra, and then over-
lapped it with the observations (see Fig. 2).
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Fig. 2. Spectra of V455 Cygni in two of the three
phases from Fig. 1, overlapped with the ”spectrum”
composed of HITRAN molecular lines.

Most of the lines that do not ”participate” in
the system’s orbital motion are telluric lines. The
lines are shown in Table 1, with wavelengths, inten-
sities and absorbing molecules; all the data presented
here are taken from the HITRAN database. The in-
tensities are given in cm−1

molecul·cm−2 . Entries in the ta-
ble are grouped so as to emphasize that many lines
could not be resolved in our observations, as they
constitute composite profiles. Every one of 122 seg-
ments of the table represents one line in the observed
spectra, and every one of 197 rows a line in the HI-
TRAN database.
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Table 1. Telluric lines identified in spectra of V455 Cygni. Every segment
represents one observed profile composed in some cases of several unresolved molecular lines.

The line intensity is given in cm−1

molecul·cm−2

λ[Å] Line intensity Species λ[Å] Line intensity Species
5883.891 1.133× 10−24 H2O 5946.842 9.927× 10−25 H2O
5885.969 2.013× 10−24 H2O 5947.048 1.613× 10−24 H2O
5886.330 6.558× 10−25 H2O 5949.165 1.858× 10−24 H2O
5887.214 1.702× 10−24 H2O 5956.346 5.846× 10−25 H2O
5887.652 1.291× 10−24 H2O 5957.874 1.651× 10−24 H2O
5891.148 3.394× 10−25 H2O 5958.244 9.616× 10−25 H2O
5891.492 5.658× 10−25 H2O 5958.620 1.272× 10−24 H2O
5891.649 1.993× 10−24 H2O 5966.319 3.614× 10−25 H2O
5892.387 1.382× 10−24 H2O 5966.656 1.038× 10−24 H2O
5893.034 7.899× 10−25 H2O 5967.825 1.274× 10−24 H2O
5893.496 6.052× 10−25 H2O 5968.268 1.461× 10−24 H2O
5898.151 2.014× 10−24 H2O 5971.341 9.867× 10−25 H2O
5899.001 8.305× 10−25 H2O 5976.998 8.277× 10−25 H2O
5899.910 1.149× 10−24 H2O 5990.607 2.427× 10−25 H2O
5900.030 1.920× 10−24 H2O 5990.842 6.347× 10−25 H2O
5901.240 4.171× 10−25 H2O 6285.802 5.418× 10−25 H2O
5901.457 2.690× 10−24 H2O 6469.348 5.188× 10−25 H2O
5903.528 6.277× 10−25 H2O 6469.630 8.863× 10−25 H2O
5905.113 2.852× 10−25 H2O 6469.985 5.664× 10−25 H2O
5905.282 4.376× 10−25 H2O 6472.457 9.475× 10−25 H2O
5905.364 2.374× 10−25 H2O 6473.164 1.200× 10−24 H2O
5907.255 4.611× 10−25 H2O 6475.043 1.479× 10−24 H2O
5907.352 2.242× 10−25 H2O 6475.193 1.673× 10−24 H2O
5907.831 6.618× 10−25 H2O 6475.807 2.949× 10−24 H2O
5908.198 5.907× 10−25 H2O 6483.233 2.250× 10−24 H2O
5908.989 1.479× 10−24 H2O 6483.759 8.076× 10−25 H2O
5912.987 1.189× 10−24 H2O 6483.904 8.961× 10−25 H2O
5918.395 1.708× 10−25 H2O 6490.782 2.397× 10−24 H2O
5918.395 1.053× 10−24 H2O 6492.900 1.695× 10−24 H2O
5918.449 8.279× 10−25 H2O 6492.921 2.171× 10−25 H2O
5919.045 2.155× 10−24 H2O 6495.862 2.465× 10−24 H2O
5919.638 2.743× 10−24 H2O 6497.474 3.190× 10−25 H2O
5922.360 3.405× 10−25 H2O 6497.593 6.404× 10−25 H2O
5922.505 1.218× 10−24 H2O 6504.202 5.184× 10−25 H2O
5922.707 3.446× 10−25 H2O 6508.594 9.785× 10−25 H2O
5923.638 1.022× 10−24 H2O 6511.998 6.952× 10−25 H2O
5923.737 3.682× 10−25 H2O 6512.248 5.918× 10−25 H2O
5923.822 1.390× 10−24 H2O 6514.723 2.694× 10−24 H2O
5924.265 1.790× 10−24 H2O 6516.452 6.809× 10−25 H2O
5928.283 1.154× 10−24 H2O 6516.539 1.959× 10−24 H2O
5932.084 1.975× 10−24 H2O 6516.629 1.937× 10−24 H2O
5932.774 1.109× 10−24 H2O 6518.005 9.266× 10−25 H2O
5941.076 2.526× 10−24 H2O 6519.448 1.201× 10−24 H2O
5941.622 1.786× 10−24 H2O 6523.836 1.516× 10−24 H2O
5942.400 6.630× 10−25 H2O 6532.347 1.798× 10−24 H2O
5942.423 6.918× 10−25 H2O 6543.897 2.763× 10−24 H2O
5942.558 2.266× 10−24 H2O 6547.687 1.062× 10−24 H2O
5945.643 7.862× 10−25 H2O 6548.614 1.989× 10−24 H2O
5945.999 2.177× 10−24 H2O 6552.616 2.335× 10−24 H2O
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Table 1. Continued

λ[Å] Line intensity Species λ[Å] Line intensity Species
6574.838 2.164× 10−24 H2O 6939.610 3.569× 10−24 H2O
6580.777 6.719× 10−25 H2O 6940.180 5.513× 10−24 H2O
6588.559 1.740× 10−25 H2O 6942.148 3.971× 10−24 H2O
6867.540 2.262× 10−25 O2 6942.367 1.967× 10−24 H2O
6868.907 4.201× 10−25 O2 6943.797 5.187× 10−24 H2O
6869.089 2.908× 10−25 O2 6947.532 6.938× 10−24 H2O
6869.890 3.779× 10−25 O2 6947.629 1.409× 10−24 H2O
6869.968 5.125× 10−25 O2 6948.985 2.007× 10−24 H2O
6870.941 4.535× 10−25 O2 6949.080 2.291× 10−24 H2O
6871.278 5.757× 10−25 O2 6953.574 2.454× 10−24 H2O
6872.242 4.977× 10−25 O2 6953.763 1.115× 10−24 H2O
6872.838 5.886× 10−25 O2 6956.401 6.700× 10−24 H2O
6873.791 4.910× 10−25 O2 6956.506 3.394× 10−24 H2O
6874.649 5.362× 10−25 O2 6959.448 4.398× 10−24 H2O
6875.588 4.208× 10−25 O2 6961.257 6.211× 10−24 H2O
6876.711 4.155× 10−25 O2 6986.575 4.575× 10−24 H2O
6877.633 2.865× 10−25 O2 6988.980 5.950× 10−24 H2O
6879.038 2.387× 10−25 O2 6990.366 2.023× 10−24 H2O
6879.926 1.025× 10−25 O2 6992.816 6.384× 10−25 H2O
6883.829 2.052× 10−25 O2 6993.511 3.287× 10−24 H2O
6885.751 2.603× 10−25 O2 6994.104 2.502× 10−24 H2O
6886.739 3.830× 10−25 O2 6998.709 1.518× 10−24 H2O
6888.943 4.001× 10−25 O2 6998.961 4.523× 10−24 H2O
6889.898 5.071× 10−25 O2 7004.305 1.217× 10−24 H2O
6892.367 4.763× 10−25 O2 7004.749 3.704× 10−24 H2O
6893.304 5.644× 10−25 O2 7005.116 1.718× 10−24 H2O
6896.034 4.884× 10−25 O2 7005.354 4.729× 10−25 H2O
6896.960 5.569× 10−25 O2 7005.607 6.994× 10−25 H2O
6899.949 4.485× 10−25 O2 7009.865 1.180× 10−24 H2O
6900.864 4.990× 10−25 O2 7010.648 2.127× 10−25 H2O
6904.113 3.760× 10−25 O2 7010.733 2.174× 10−25 H2O
6905.019 4.111× 10−25 O2 7010.954 8.278× 10−25 H2O
6908.528 2.907× 10−25 O2 7011.229 7.527× 10−25 H2O
6909.425 3.139× 10−25 O2 7011.321 1.359× 10−24 H2O
6913.194 2.087× 10−25 O2 7011.349 7.926× 10−25 H2O
6914.084 2.231× 10−25 O2 7015.932 1.599× 10−24 H2O
6918.115 1.397× 10−25 O2 7016.450 5.517× 10−24 H2O
6918.997 1.482× 10−25 O2 7026.931 2.263× 10−24 H2O
6929.095 1.402× 10−24 H2O 7027.472 4.511× 10−24 H2O
6929.302 2.680× 10−24 H2O 7027.857 1.580× 10−24 H2O
6929.832 1.697× 10−24 H2O 7037.189 1.207× 10−24 H2O
6929.930 5.480× 10−25 H2O 7037.532 2.479× 10−24 H2O
6931.312 1.275× 10−24 H2O 7039.282 1.072× 10−24 H2O
6931.758 1.091× 10−24 H2O 7039.794 3.546× 10−24 H2O
6933.594 1.377× 10−24 H2O 7077.789 4.884× 10−25 H2O
6933.808 2.771× 10−24 H2O 7078.240 9.351× 10−25 H2O
6935.420 2.722× 10−25 H2O 7078.831 7.883× 10−25 H2O
6935.814 6.906× 10−25 H2O 7079.466 2.515× 10−25 H2O
6937.694 4.327× 10−24 H2O 7079.598 7.038× 10−25 H2O

7090.652 2.367× 10−25 H2O
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All the lines presented in this paper were
found in both the HITRAN database and in the atlas
of solar spectrum; we reason that the lines present
in the HITRAN database and missing from the atlas
are good candidates for interstellar and circumstel-
lar lines. However, a number of well defined lines
couldn’t be identified in either source, and there
are several lines found in the atlas, but not in the
HITRAN database. Furthermore, some non-stellar
lines exhibit changes of line profile depth through
phases; while in telluric lines this effect might be a
result of changing air-mass from one observation to
another. Our analysis is not yet conclusive, and will
be discussed in the forthcoming second part of this
paper.
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FAZOM U TESNOM DVOJNOM SISTEMU V455 CYG: I. TELURSKE LINIJE
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1Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia
2Sternberg Astronomical Institute

Universitetski pr. 13, Moscow 119992, Russia

UDK 520.84 : 524.384
Prethodno saopxteǌe

Spektroskopska posmatraǌa tesnog dvoj-
nog sistema V455 Cygni otkrivaju mnoxtvo
linija koje potiqu iz me�uzvezdane sredine,
okolozvezdanog omotaqa i Zemǉine atmos-
fere; pronaxli smo preko dve stotine ovakvih
linija i u ovom radu predstavǉamo spisak

telurskih linija koje smo identifikovali
pore�eǌem sa HITRAN bazom molekulskih li-
nija. O linijama koje nismo mogli da identi-
fikujemo i linijama koje pokazuju neuobiqa-
jeno ponaxaǌe bi�e reqi u drugom delu rada.
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