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CLASSIFICATION OF Ap-STARS HR 830 AND 21 CVn
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KITACCUDPUKALIUSA Ap-3BE3/] HR 830 U 21 CVn

HsyuyaroTcsa nBe HeonpeneneHHo kinaccuduunrpoBansbie 38e3abl Tunia Ap HR 830 u 21 CVn. Ha6monatenbHbie

JIaHHBbIE CPABHUBAIOTCS C JAHHBIMU IJIs1 HOpMAnbHbIX 3Be3x aDel u aLyr. 3se3nga HR 830 kiaccudpuuupyercs

KaK Ap KPEMHHEBOIO THIIA HA OCHOBaHMHM YCHJICHHOTO TOTJIOLIEHHS B JIMHHAX KPEMHHUSA, B MZPEMEHHOCTH

6necka B cuctreme UBV. 21 CVn xnaccuduUHpyeTCs Kak Ap KPEMHHEBOTO THOA HAa OCHOBAHHMU OCIAGJIEHHBIX

JIRHUH TeNus, UX MEPEMEHHOCTH, (OTOMETPHYECKOM MEPHOIUYECKON MEPEMEHHOCTH, 1 cBoMicTB UV cmekrpa.

JaeTcs 3akitoyeHue, 410 GoToOMeTpHYECKasi HEPHOJHYECKAS IEPEMEHHOCTD SIBJSETCS XOPOIIMM HHINKATOPOM
CBOMCTB Ap OBICTPO BpamamInnxcs A ¥ mo3aHbix B 3Be3n.

Two ambiguously classified Ap-stars, HR 830 and 21 CVn, are studied. The observational data are compared

with the data for normal stars aDel and aLyr. The star HR 830 is classified as Ap of type Si based on the

enhanced absorption in the Si lines and photometric variability in UBV. 21 CVn is classified as Ap Si

based on weaker absorptions of helium, the variability of helium lines, photometric periodic variability

and the properties of the UV spectrum. It is concluded that the photometric periodic variability is a good
indicator of Ap-properties of rapidly rotating A and late B stars.

1. Introduction Cowley et al. (1969) classified both the stars in this

study as ““A0 V — Si:” and in the catalogue of Bertaud

Stars of spectral type A with insufficiently developed and Floquet (1974) they are among the Ap-stars

features of Ap-peculiarity, usually mentioned with
ambiguous or uncertain classification, are interesting
with regard to the possible elimination of the causes
legdipg up to the generation of Ap-characteristics.

Bull. Astron. Inst. Czechosl, 35 (1984), 294—299.

with an uncertain classification. The former study
is based on low-dispersion spectrograms 12-5nm
mm~! and the classification given means that
“_..silicon may be considerably enhanced but not
enough for the star to be referred to as peculiar”.

Publishing House of the Czechoslovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1984BAICz..35..294Z

N
&

21350079

1
&
<
0

L

Vol. 35 (1984), No. 5

Spectroscopic studies founded on high-dispersion data
nor systematic photometric observations have been
published yet.

One UBV observation is given for HR 830 (HD
17471, BD +24°396, m, = 5-82) in the catalogue
of Blanco et al. (1968). Medium-band uvbyf photo-
metry was carried out by Johansen and Gyldenkerne
(1970) and Philip et al. (1976). Their data do not
indicate a photometric variability larger than about
0-01 mag, which is within the given values of the mean
error for both sources.

UBV observations of 21 CVn (HR 5023, HD 115 735
BD + 50°1994, m, = 5-15) have been published by
Blanco et al. (1968), Haggkvist and Oja (1966) and
Higgkvist et al. (1971). In the individual papers the
values of the B—V index differ by as much as 0-075
mag. Johansen and Gyldkerne (1970) and Philip et al.
(1976) made observations in the ubvyf system. The
differences in the values of the b—y indices are at
limits of the given mean errors, 0-013 and 0:011 mag.
According to narrow-band photometry in the K-line
(Henry, 1969; Henry and Hesser, 1971) this star
displays no variability up to an amplitude of 0-008
mag. UV fluxes in the interval 138—254 nm are
published in the paper of Jamar et al. (1976).

In this paper we shall deal with the decisive features
for the Ap-classification of the stars involved. Their
spectral features are compared with the normal ones in
the spectra of aDel and aLyr. The regions of lines
SilI(1) in A3854-386:3nm and of SilI(3) in
A 412-8—413-1 and the helium line are studied. The
effective temperatures and values of the surface
gravity are derived from the photometry and
Balmer line profiles.

2. Observations

Within the scope of our programme of studying
Ap-stars with doubtful classification, we have included
both stars in the lists for photometric and high-dis-
persion spectroscopic observations. The photometric
observations were carried out with the 0-6m photo-
metric reflector of the Astronomical Institute in Skal-
naté Pleso. UBV observations for HR 830 were ob-
tained on 9 nights. These UBV observations indicate
variability within 0-04, 0-03 and 0-02 mag for U, B
and V colours, however, they are not sufficient to
determine periodicity if any. 21 VCn was observed
on 13 nights by means of a medium-band filter with
a central wavelength of 526 nm and halfwidth of 19 nm.
Our medium-band photometry with the filter centred
at 526 nm and a halfwidth of 19 nm disclosed a period-
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ic variability with an amplitude of 0-04 mag and
a period of 0-767 d.

The spectroscopic observations were made in the
coude focus of the 2 m telescope of the Astronomical
Institute in Ondfejov, the dispersion being 0-85 nm
mm ™!, and in the National Astronomical Observatory
of the Bulgarian Academy of Sciences in the coudé
focus of their 2 m telescope with a dispersion of 0-9 nm
mm~'. For HR 830 we obtained 5 spectrograms
with a dispersion of 0-85nm mm™!, IIaOb plates
and 6 spectrograms with a dispersion of 0-9 nm mm !,
plates I1aO. For 21 CVn we obtained 19 spectrograms
with a dispersion of 0-85nm mm™!, plates 11aOb
and 103a0. For aDel we had 3 and for alLyr 1
spectrogram with a dispersion of 0-85 nm mm™?,
plates IIaOb. The spectrograms were recorded with
a microdensitometer with direct intensity recording

(Minarovjech et al., 1983).

Table 1

Star 14 B— V|U—B Source

HR 830 | 582 | —0:07 | —0-08
589 | +0-:002 | —0-125

Blanco et al. (1968)
Our photometry

21 CVn | 515 0-00 | —0-20 | Blanco et al. (1968)
5-15 | —0-075 Haggkvist, Oja (196)
aDel 3-77 | —0-06 | —0-223 | Blanco et al. (1968)

|

N.B.: If the referenced source mentions more than one
observation, their average is given in this table.

Table 2

Star | (b — »)| c¢o mg | (u—b) B 0 |Ref

HR 830 —0-023 | 0-955 | 0-138 | 1-185 |2-831|0-45]| 1
—0:014 | 0-952 | 0-137 2-821 2
21 CVn | —0-024 | 0-945 | 0-135 | 1-167 | 2842|045} 1
—0:037 | 0939 | 0-144 2-844 2
aDel —0:030 [ 0-890 | 0-128 | 1-086 |2:802| 043 1
—0-022 | 0-891 | 0-133 2799 2

References: ') Phillip et al. (1976).
2y Johansen and Gyldenkerne (1970).

3. Effective Temperature and log g

3.1. Photometry

A number of studies has been published on the
relation between the effective temperature and various
photometric indices. A summarizing and exhaustive
review is presented in Heintze’s paper (1973) for the
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dependence of T, on the indices of UBV photometry.
Equations 25a—c (T ~ U— B) and 30a,b (T, ~
~ Q-parameter, spectral type) in the referenced paper
were used to derive the effective temperatures of stars
in the present study from available UBV data. To de-
termine the effective temperature and surface gravity
from the uvby we used the method described by
Zabriskie (1977). The resultant mean values of T
and log g, together with their mean errors, are given
in the first, second and sixth lines of Tab. 4. The eighth
line of this table gives the spectral type determined
from the average values of (U — B), and (B — V),
indices after Allen (1977).

3.2. Spectroscopy

The shapes of the hydrogen lines are a good indi-
cator of the effective temperature and, in the neigh-
bourhood of spectral type AO, also of the value of
log g. In our comparisons we have used the theoretic-
al profiles of lines HB, Hy, HO from the paper of
Kurucz (1979). These theoretical profiles are normal-
ized to unity (I, at a distance of 10 nm from the
centre of the line. Since it is impossible to observe
the profiles practically to this distance in the spectro-
grams, we have normalized the theoretical profiles
to unity separately for each spectrogram and line

Table 3
1
HW vsin i
St
ar nm kms™?! "
|
HR 830 0-144 + 0-004 59+ 8 | 8
21 CVn 0-225 0-005 91 8 12
oDel 0-322 0004 129 8 3
f
Table 4
HR 830 21 CVn aDel Notes
T.e [K]| 10850140 | 112604 120 (11 710£ 190 | UBV
10920 14010890 15511420 150 | uvby B
10890 100|11360 130{11920 95| B,», o
5 5 3 a
11 14 9 b
logg 4-:09+003 | 4184003 | 4124+0-04 | uvbyB
392 003 | 40 391 004 | B,y,0
Spektrum B9 B85 B8 UBV
AOV AOV B9V c

a) number of plates used

b) number of measured profiles
¢) Cowley et al. (1969)

Vol. 35 (1984), No. 5

at the distance of the observed continuum, which was
3:5—5:0nm from the centre of the line. Since the
middle parts of the profiles of the hydrogen lines
are affected by rotational broadening, we have estimat-
ed the value of vsini from the halfwidth of the
Mg 11 448. 1 nm line, and with respect to it we have
corrected the middle portions (A4 < 0-2nm) of the
theoretical profiles. The values of the projected rota-
tional velocity, v sin i, determined after Slettebak et al.
(1975), are given in Tab. 3. The resultant effective
temperatures and log g, derived from the comparison
of the HB-, Hy- and Hd-curves, are in the third and
seventh lines of Tab. 4.

4. Spectrum Ap-Classification

4.1. High-Dispersion Features

The lines of ionized silicon Sill (1) 4 385-4—386-3
nm and SilI(3) A412-8—413-1nm are indicators
of peculiarity. According to Cowley et al. (1969),
the lines of multiplet 3 are considerably enhanced
in both stars. By comparing them with the spectra
of the normal stars aDel (B 9 V, Cowley et al., 1969)
and aLyr (AOV) we can determine to what degree
they have been enhanced. At the observed rotational
velocities particularly 21 CVn and aDel (91 and
129 km/s) display considerably broadened lines, so
that mutual overlapping and blending with other
lines, in this case with Eu II and Fel, do not allow
the equivalent widths to be measured separately.
Consequently, we measured the whole “‘equivalent
width” of the absorption formation within the limits
of the wavelengths given by the positions of the margin-
al lines and the rotational width for the most rapid
rotation (oDel). As regards SilI(3) this involved
the section A412:62—413-36 nm with the assumed
marginal lines SiIl(3) 1412-81 and Fe 143 1413-21
nm and, as regards SiII (1) this involved the section
A 385-37 and Fe I 20 A 38655 nm. Table 5 summarizes
the results of absorption measurements, expressed
in terms of the equivalent width in nm. The errors
are mean square and their higher values do not indi-
cate absorption variability but rather different signal-
to-noise ratios which varies from ~0-05 units of con-
tinuum intensity in the better spectrograms to ~0-1
in the worse. In our measurements we integrated the
actual spectrum record to avoid introducing a sub-
jective deviation in determining the shape of complicat-
ed curves. The signal-to-noise ratio depends, to some
extent, on the procedure of processing the plates and
is more important in the region of SiII(1) where
the photographic density decreases as a result of the
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overlapping of the wings of lines H 8 and H9. The
equivalent widths of the helium lines at 1 447-2 and
414-4 nm were measured separately with smoothed
curves.

Hel 447.1 HR 830

0.1

4130

4113

4118
noise

1 . .

.J\,

Fig. 1. HR 830: intensity record of the HeI 447-2 nm line
region.

He 4471

,A/\r‘\fW\)WN\W WJ’VW 2065
M I

noise

Fig. 2. 21 CVn: intensity record of the HeI 447-2 nm line
region.
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In HR 830 the variability of absorption lines of sili-
con was not observed and the variability of helium
lines is disputable. The plates with a more advantage-
ous signal-to-noise ratio show line 1 447-2 nm clearly,
this aplies to plate No. 4130, whereas if the ratio
is worse, this applies to plate No. 4118, the shape
of the line is disrupted considerably, Fig. 1.

In 21 CVn the intensity of the helium lines seems to
vary. For example, line A 447-2 nm can be seen clearly
on plates Nos 3660, 2065 and 3628, whereas on plate
No. 3678 it is obscured by noise and on No. 3575 it
cannot be seen at all, Fig. 2.

4.2. UV Spectrum

Stars 21 CVn and aDel were observed in the UV
region of the spectrum with a spectrometer located
on board the TD-1 satellite. The results of measuring
fluxes in the spectral region AA 138—254 nm have
been published by Jamar et al. (1976) in the “UV
Bright-Star Spectrophotometric Catalogue”. The UV
spectra of 77 Ap-stars from this catalogue, selected
on the basis of an earlier classification (Bertaud and
Floquet, 1974), were analysed by Jamar et al. (1978),
but 21 CVn was not included in this set because its
classification was ambiguous. Nor was this star rec-
ognized as an Ap-star in testing the UV fluxes according
to the 8,490 parameter.

The comparison of the UV continua of 21 CVn
and aDel clearly indicate a smaller slope of the
spectrum of the former below 200 nm, Fig. 3. This
may partly be due to the effective temperature being
500 K lower than that of the comparison star, how-
ever, the shape of the spectrum of 21 CVn indicates
that absorptions have affected it more than the spec-

T T T T T T T T

T T T T
Fell  Crill
I S’_i| It Fg—:ll S;nll Mrrlmll

NN ‘

/\’\/\A ]
\\/\21CVn;
| J\”\\

log f)

i 105004]
[ Joa
. xDel |
1 l 1 1 1 1 I 1 1 1 1 i 1 |
150 200 250 A (nm)

Fig. 3. Comparison of UV spectra of aDel, 21 CVn (after
Jamar et al., 1976, corrected for reddening) and of the theore-
tical (after Kurucz, 1979).
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) ) ~ Table 5 : : - e
- Absorption in the Si II and He I lines in nm
Sill'1 SiIl3 HelI 14 HeI53 Sp. UBV
13853—64 A412-8—3-1 A 4472 14144
HR 830 0-140 0-084 0-022 0-013 B9
+ 8 4 2
n= 6 8 5 1
21 CVn 0-102 0-047 0-014 0-008 B8-S
+ 6 1 1 1
n= 10 13 9 4
aDel 0-085 0-057 0-023 0-024 B8
+ 4 6 1 1
n= 3 3 3 3
aLyr 0-077 0-021 0-005 0-005 A0
n= 1 1 1 1

n = Number of plates measured

trum of the normal star aDel. First of all, the absorp-
tion at A 140 nm, caused by Fe Il and by self-ioniza-
tion of SiIl, is quite clear (Jamar et al., 1978), accom-
panied by absorption at A 194 nm. Also the absorption
due to Fell and CrlIII (?) at 1160 nm is greater
than in aDel. The decrease of the continuum at 4 208
nm, probably due to Mn II, is remarkable. It is indeed
this absorption which could have been responsible
for 21 CVn being missed in testing the spectra of Ap
peculiarity by means of the d,40, parameter which
is based on comparing the A140nm and 210 nm
fluxes.

5. Discussion

The results of the measurements, summarized in
Tab. 5, indicate that the absorption in the silicon
lines in the spectrum of HR 830 is higher by 50 —60%;
than normal. The absorption in the helium lines is
normal for the spectral type determined by UBV.
The variability of the helium lines is questionable,

but the photometric variability in UBV of a few

hundredths of magnitude and the dependence of the
amplitude on wavelength, proved by our observations,
are typical of Ap-stars. These properties are character-

istic of Ap-stars and, therefore, HR 830 may be classi-

fied as Ap with an Si-type peculiarity.

As regards 21 VCn, the absorption in Sill (3) is
comparable with the value determined for aDel.
Nor does the criterium in Si II (1) indicate a significant
overabundance of absorption as compared to normal.
The situation is different, however, in the helium
lines. According to the spectral type determined from
UBYV photometry, the intensity of the helium absorp-
tion should be between the values for aDel (B 8)

and HR 830 (B 9). However, it is actually weaker
and rather corresponds to spectral type B 9-5, between
HR 830 and aLyr. This helium deficiency in 21 CVn
is evidence in favour of the Ap-classification, which
also applies to the photometric periodicity of the
0-04 mag variability with a period of 0-767 d, observed
in our photometry.

The medium-band ubvyf photometry yields a me-
tallic index “m,” which represents the degree of en-
hanced absorption by metal lines in the violet part
of the spectrum. In the c—m diagrams (Cameron,
1966) both the stars are in a region with normal and
Ap-stars. These criteria cannot, therefore, be used
to decide whether 21 CVn and HR 830 are Ap-stars.
Since the other criteria indicate Ap-peculiarity, these
two stars should be considered “low-m” Ap-stars.

The analysis of 21 CVn observations yields an im-
portant result for the relation between slow rotation
and the Ap-characteristics. The relatively high value
of vsini (in this particular case 91 km/s) cancels,
to a large extent, the intensification of the individual
absorptions. At high dispersion the lines may
overlap and become shallow, so that enhanced ab-
sorption need not be determined by measurement
as regards problems with continuum drawing and the
effect of noise. At low dispersions the intensifica-
tion is degraded. However, if an Ap-star is really
involved, which may display photometric variability
due to the distribution of elements on its surface, as
opposed to the shapes of the lines, it is not affected
even by more rapid rotation. Photometric variability,
as in the case of 21 CVn, remains undegraded. It
follows that slow rotation is not a condition for the
creation of Ap-properties. It is rather an equivalent,
more or less developed property and aids in the
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spectroscopic detection of Ap-stars by not smudging
the intensified absorptior.. The photometric periodic
variability of A (and late B) stars is thus a good
indicator of Ap (Bp) properties, provided cannot be
determined uniquely by spectroscopy.

6. Conclusions

By analysing high-dispersion spectrograms, UV
observations and photometric results, we have shown
that stars HR 830 and 21 CVn may be classified as
Ap (Bp) stars. As regards HR 830 this classification
is justified by the absorption in the silicon lines, en-
hanced by 50—609, as compared to normal, and by
photometric variability of 0-04, 0-03 and 0-02 mag
in U, B and V colours. The variability of the helium
line at A 447-2 nm, although it has not been definitely
proved, is possible. 21 CVn does not have significantly
enhanced silicon absorptions, which may be obscured
by the high rotational velocity of the star. However,
the helium line absorption corresponds to the later
spectral type and is variable. Another Ap-property
is the periodic photometric variability of 0-04 mag
in the filter centred at 526 nm with a halfwidth of
19 nm. The UV spectrum of this star has more absorp-
tions than the normal aDel.

Based on the observational data of 21 CVn, it is
concluded that slow rotation is not one of the condi-
tions for creating Ap-properties (to allow for the
stability of the atmosphere on creating the height and
surface distribution of elements). The enhanced ab-
sorptions in the spectrum may be smudged by high
rotational velocity which, in combination with the
uncertainty in continuum drawing, leads to their
obscuration on high-dispersion spectrograms and
to degradation in low-dispersion spectrograms. Rapid
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rotation. cannot degrade or obscure photometric
periodic variability caused by non-uniform distribu-
tion of elements over the star’s surface. It can, therefore
be seen well and can serve as a criterion for determin-
ing Ap (late Bp) stars.
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