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Abstract. Two high resolution spectra of the hot RCrB star DΥ Cen in the
red region are compared. The photospheric absorption lines show a radial
velocity variation of 12 kms–1 between 1989 July and 1992 May. Emission
components to some CII lines present in 1989 are almost entirely absent in
1992. Nebular forbidden lines of [ΟΙ], [ΝΠ] and [SII] appear unchanged
from 1989 to 1992.
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1. Introduction
As a peculiar star, DY Cen is triply distinguished. Firstly, it is one of the select number
of R Coronae Borealis stars in the Galaxy. These are hydrogen-deficient supergiants
which at unpredictable times fade rapidly and severely as a cloud of carbon dust covers
their photospheres. Secondly, DY Cen is one of just three hot RCrBs. Most RCrBs are
classified as F-type with effective temperatures around 7000 Κ but DY Cen, an early
B-type supergiant, has an effective temperature of 20,000 Κ (Jeffery &, Heber 1993).
(MV Sgr and V348 Sgr are the other two hot RCrBs). Thirdly, unlike most RCrBs,
DY Cen’s atmosphere has a substantial amount of hydrogen (Rao 1986; Pollacco 1989):
Jeffery & Heber's (1993) analysis of Balmer and HeI lines gave a number density ratio
H/He =0·1.
Identification of DY Cen as an RCrB star was made by Hoffleit (1930) who noted
that the star had shown 4. RCrB-like declines. No additional reports of declines have
appeared but the star may have gradually faded over the last 40 years (Bateson 1978).
An infrared excess (Kilkenny & Whittet 1984; Walker 1986) signals the expected
presence of circumstellar material. The hot RCrBs V348 Sgr and MV Sgr are associated
with emission line nebulae. Earlier, we showed that nebular lines are present in the red
spectra of DY Cen (Rao, Giridhar & Lambert 1993). In short, DYCen bears the
photometric and spectroscopic hallmarks of an RCrB and, in particular, of a hotRCrB.
In this paper, we describe in some detail the spectrum of DY Cen in the red spectral
region. We present a spectral atlas. We combine our previous spectrum from 1989
with a new spectrum obtained in 1992 to comment on the spectral variations of
DY Cen. This atlas complements that provided by Leuenhagen, Heber & Jeffery (1994)
for DY Cen from 4000 Å–4990 Å. These authors use DY Cen as a comparison star
for that other hot RCrB V348Sgr and also present a red spectrum (5790Å–6800Å) of
the latter.
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2. Observations

Two spectra are compared. Both were obtained with the Cassegrain echelle spectrometer of the 4m telescope at the Cerro Tololo Inter-American Observatory. A spectrum with the air-Schmidt camera and a GECCCD was obtained on 16th July 1989
covering the spectral range 5475Å–6830Å at a resolution of about 25,000—this
spectrum was used by Rao et al. (1993). The second spectrum obtained on 20th May
1992 with the long camera and a Tektronix 1024 × 1024 pixel CCD covered the range
5480 Å–7080 Å at a resolution of approximately 40,000. In both cases a Th-Ar hollow
cathode lamp was observed immediately following the exposure on DY Cen. The 1989
spectrum was reduced at the Vainu Bappu Observatory, Kavalur using the RESPECT
software (Prabhu, Anupama & Giridhar 1987). The 1992 spectrum was reduced using
the IRAF echelle software package on the Sparc l0 at Bangalore.
The spectra are presented in Figs. 1–21 where a single echelle order is given in each
figure. The 1989 spectrum is plotted on the top and the 1992 spectrum at the bottom.
Obvious lines are identified and key characteristics are summarized in Table 1. The
wavelength scale is such that the photospheric lines are corrected for the radial velocity.

3. Spectrum variations
3.1 The photospheric lines
Absorption lines such as the high excitation lines of CII, NII, OII, Nel, A1III, and SiIII
are presumably formed in the photosphere. With the exception of the CII lines, the
equivalent widths of the photospheric lines are little changed between 1989 and 1992.
(The CII lines may be filled in by emission to a greater extent in 1992.) There is a change
in the photospheric radial velocity—see Table 2: the mean velocity of 41 kms–1 in
1989 from a collection of CII, NII, and ÑeI lines had fallen to near 29 kms –1 in 1992 as
measured from CII, NII, OII, NeI, and Α1ΙΠ lines.
This clear detection of a variable radial velocity is consistent with the few previously
available determinations. Herbig (1990,private communication) reported a velocity of
29 kms–1 for 1982 April. Pollacco & Hill (1991) measured 15·1±2 5 kms-1 for 1988
March. Quite obviously, many additional determinations are needed to determine if
the radial velocity variations are periodic and to attribute them toa physical mechanism such as membership in a spectroscopic binary or photospheric pulsations.
3.2 The nebular lines
Nebular forbidden lines of [OI], [NII], and [SII] were identified by Rao et al. (1993).
The 6583 Å [NII] and the 6716 Å and 6730 Å [SII] lines are blended with photospheric
absorption lines. In particular, the red wings of the [SII] lines are badly mutilated in the
1992 spectrum. The equivalent widths of these forbidden lines (Table 3) appear little
changed between 1989 and 1992. On the assumption that the continuum flux was little
changed, the emission lines have kept a more or less constant flux.
The radial velocity (Table 3) of the nebular lines was unchanged too between 1989
-1
and 1992:the mean velocity is 23kms–1 to within an uncertainty of about 2 kms .
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Figure 1. Spectra of DY Cen in 1989 and 1992 for the region 5480-5545 Å. Note the CII lines
with the inverse P-Cygni profiles in the 1989 spectrum.

Figure 2. Spectra of DY Cen in 1989 and 1992 for the region 5600–5660Å. Note the two strong
CII lines which are markedly asymmetric in the 1992 spectrum.
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Figure 3. Spectra of DY Cen in 1989and1992 for the region 5650–5710Å. Note the strong CII,
NII, and Α1ΙΠ lines which are little changed between 1989 and 1992.

Figure 4. Spectra of DY Cen in 1989 and 1992 for the region 5710–5775 Å. Note the strong NII,
Α1ΙΠ, and SiIII lines which are little changed between 1989 and 1992.
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Figure 5. Spectra of DY Cen in 1989 and 1992 for the region 5770–5840 Å. Note the two diffuse
interstellar bands (DIB).

Figure 6. Spectra of DY Cen in 1989 and 1992 for the region 5830-5880 Å. Note the difference
in the profile of the HeI triplet line at 5875 Å.
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Figure 7. Spectra of DYCen in 1989 and 1992 for the region 5880–5900 Å. Note the NaD
absorption lines which owing to the superior resolution of the 1992 spectrum show multiple
components not so easily seen in the 1989 spectrum.

Figure 8. Spectra of DY Cen in 1989 and 1992 for the region 5900–5960 Å. Note the CII and
NII lines which are little changed between 1989 and 1992.
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Figure 9. Spectra of DY Cen in 1989 and 1992 for the region 5960-6025 Å.

Figure 10 Spectra of DY Cen in 1989 and for the region 6020–6090 Å. Note the weak CII,
and NeI lines which are little changed between 1989 and 1992.
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Figure 11. Spectra of DY Cen in 1989 and 1992 for the region 60906160 Å. Note the CII lines
with inverse P-Cygni profiles in the 1989 spectrum.

Figure 12. Spectra of DY Cen in 1989 and 1992 for the region 6150–6230 Å.

Spectral Variations of DY Cen

31

Figure 13. Spectral of DY Cen in 1989 and 1992 for the 6230–6300 Å Note the CII lines with
inverse P-Cygni profiles in the 1989 spectrum. Absorption band near 6280 Å is due to telluric O 2.

Figure 14. Spectra of DY Cen in 1989 and 1992 for the region 6295–6370 Å. Strong terrestrial
emission from [OI] is present at 6300 and 6363 Å. Stellar [OI] emission is present to the red of
the terrestrial emission.
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Figure 15. Spectra of DY Cen in q989 and 1992 for the region 6370–6440 Å. Note the strong
NeI line which is markedly as asymmetric in the 1992 spectrum which is of superior resolution to
the 1989 spectrum.

Figure 16. Spectra of DY Cen in 1989 and 1992 for the region 6440–6510 Å.Note the strong
lines of CII, NII and Nel.
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Figure 17. Spectra of DY Cen in 1989 for the region 6510–6600 Å. Note the strong
emission H alpha and the weak emission in the [NII] lines.

Figure 18. Spectra of DY Cen in 1989 and 1992 for the region 6595–6665 Å. Note the lines of
CII, NII,OII,and NeI.
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Figure 19. Spectra of DY Cen in 1992 for the region 6675–6760 Å. Note the profile
variations of the HeI line at 6678 A. [SII] emission lines, and the strong CII and OII lines.

Figure 20. Spectra of SY Cen in 1989 for the region 6750–6830 Å. Note the strong
lines of CII which are systematically stronger in the 1989 spectrum.
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Figure 21. Spectrum of DY Cen in 1992 for the region 7015–7085 Å. Note the HeI line at 7065 Å
with a P-CYgni profile

As noted by Rao et al. (1993), the fragmentary data on the photospheric radial velocity
suggest that the mean velocity of the nebular lines is close to the star's velocity and that,
therefore, the nebular may be arranged symmetrically about the star.
The Balmer line Hα is strongly in emission on both spectra. Quite possibly,much of
this emission is from the nebula, The emission core has the same velocity as the
forbidden lines. The equivalent width of the Hα emissionis about 20% higher in 1992
–1
when a P-Cygni-like absorption also appeared with a velocity of – 69kms for the
absorption core.

3.3 Permitted emission lines
Emission lines, generally part of an inverse P-Cygni profile, of several CII lines were
a marked feature of the 1989 spectrum. These emission lines are almost completely
absent from the 1992 spectrum. Table 4 summarizes the absorption and emission
equivalent widths and velocities of the 1989 CII lines with prominent inverse P-Cygni
profiles. Emission in CII RMT 3 is of similar strength in 1992 and 1989 but the other
emission is undetectable in 1992.
The HeI lines at 5875 Å, 6678 Å, and 7065 Å (1992 only) are in our bandpass. These
lines show remarkable changes which are summarized in Table 5. The 5875 Å line in
1989 appeared in absorption with possibly two components with the stronger component at the photospheric velocity (40 kms–1) and the weaker component at 8 kms–1. In
1992 this line shows a P-Cygni profile with absorption at – 54 kms–1 and apparently
two emission components: a sharp one at – 2 kms–1 and a broader one at 55 kms–1 .
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Table 1. A list of lines observed in DY Cen spectrum.

(Continued)
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Table 1. (Continued)

(Continued)
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Table 1. (Continued)

Table 2. Observed photospheric (absorption line) radial
velocities of DY Cenin 1989 July and 1992May.

The triplet line at 7065 Å shows a P-Cygni profile with a very sharp transition from
absorption to emission. Peak emission is at a velocity of 16 kms–1 . The HeI absorption
is apparently blended with the CII line at 7063·70 Å (RMT 26) which is represented by
two weaker members of the multiplet. The singlet HeI line at 6678 Å is in absorption on
both spectra but the 1992 spectrum shows emission in the absorption core. The 1989
absorption line is broader than other lines of similar depth––compare, for example, the
HeI line and the other lines between 6720 Å and 6750 Å. This difference is not simply
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Table 3. The nebular lines.

Table 4.

CII lines with emission components.

a

The line is double with a second (stronger) component of Wλ = 268 mÅ at
a velocity of 33 kms-1.
Table 5.

The HeI lines.
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due to thermal broadening at photospheric temperatures. The profile in 1992 is clearly
doubled with apparent absorption components at – 39 and + 40 kms–1 . We cannot
exclude the possibility that filling of an absorption core by emission has created the
appearance of two absorption components. If this is the case, the emission is at
a velocity of about + 3 kms–1 and the absorption component may be close to the
54 kms–1 seen in the 5875 Å line. The fact that the singlet 6678 Å line shows much
less prominent emission than the triplet lines at 5875 Å and 7065 Å is not a surprise as
the latter are very likely influenced by the fact that the lowest triplet state is metastable.

4. Concluding remarks
DY Cen shows a variable photospheric spectrum with a clear velocity variation
between our two spectra. The velocity difference of about 12 kms–1 is due likely to an
atmospheric pulsation but an intensive program will be needed to establish this and to
identify the principal period and its velocity amplitude. Variability extends to the
region, presumably just above the photosphere, providing the emission component
seen in some CII lines and seen to vary greatly between 1989 and 1992. This region
appears to provide a wind whose outflow is presumed responsible for the blue-shifted
absorption seen in the HeI lines as part of their P-Cygni-like profiles. The outflow
velocity in 1992 was about 30 kms-1 . Nebular emission lines vary little in velocity,
width and equivalent width between 1989 and 1992. They appear to be centred on the
systemic velocity and the width of these lines indicates that the nebular has an
expansion velocity of not more than about 23 kms–1.
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