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Abstract.

We presenm the abundane distribution of Mg, Fe Co, Nd, Pr on the surfae of

the roAp star HD 24712 Co, Nd and Pr are concentratd in one big spa nea the visible south
magnetc pole of the star, while Mg is depleta in the same region Intensily variatiors of the
iron lines can be explainal by the Fe abundane distribution arourd the magnetc equator A
seard for radid velocity (RV) variatiors resultel in discovey of rapid RV variatiors in the Prlll
A 6160.2 A line with an amplitude of 250 ms* and a period P=6.2 min. This period does
not coincide with the known period P=6.15 min, of the photometrt pulsations We did not find
rotationd modulaticn of the RV amplitude which shoud be expectel in an oblique pulsata

modd for roAp stars

1. Introduction

HD 24712 (HR1217, DO Eri, V=6.00 is a well-
known variable rapidly oscillating Ap (roAp) star
It possesselight (Wolff & Morrison, 1973 spectrun
and magnetc (Preston 1972 variatiors with a rota-
tion period P=12.4 days Kurtz (1981 discovere
photometrc oscillatiors with a period of 6.15 min.
Later Kurtz (1982 found that the maximum of the
pulsationd amplitude correspond to the maximum
of the longitudind magnetc field (B) which does
not chang polarity. Matthews et al. (1988 found ra-
dial velocity (RV) variatiors with an amplitude of
04 +0.06 kms* and with the main frequengy of
the photometré pulsations Moreover accordirg to
the authos the amplitude of the RV variatiors cor-
relates with the amplitude of the photometrc pulsa
tions showirg its maximd value at the phase of the
magnett maximum

Additiona magnettc field measuremerst were
published by Ryabchikow et al. (1997) The authos
also investigatel spectra variability of HD 24712
and provided an abundane analyss of the sta at
the phase of the maximum and minimum of the
longitudind magnetc field. They pointed out that
the rotationd period P=12.46D days obtaina by
Mathys (1991 from magnett measuremerstremove
the pha® shift betwea light, spectrun and magnettc
variations while the rotationd period P=12.452
days obtaina from photomety (Kurtz & Marang
1987 gives a 0.08 pha shift betwean photometrc

and magnetc variations Recen very accuraé B,
measuremerst made by Wade et al. (1999 seen to
favour the photometrc period althouch a specia in-
vestigatio is neded to clarify the period problem for
HD 24712 which is importart for establishig con
nection betwe® magnetc and pulsationd phenom
ena and surfae@ abundane distribution

We presen the fisrt resuls of abundane mappirg
of HD 24712 and preliminaly resuls of RV monitor
ing.

2. Observations and data reduction

High-spee spectroscop of HD 24712 was performel
in Decembe 1998 - March 1999 Specta were ob-
tained with the Photometrie CCD camea installed
in the couce spectrograp of the 26 m Schap reflec
tor of the Crimean Astrophysicd Observatory The
exposue time was 60 seconds We had to use a wider
slit correspondig to a resolving powe of R=200®
to obtain a mean signal-to-noig ratio of abou 30-
60 for an individud spectrum All observatios were
made in the spectr& region 6110-615 A which con
tains Fel, Ball, Prlll and NdIIl lines. The obser
vationd log is given in Table 1. The secom and the
third columrs give the numbe of specta per night
and the duration of the observatios in minutes The
last column gives the rotationd phas correspondig
to the middle of eath observationk night. The sanme
reduction procedue as describe in Savane et al.
(1999 for v Equ RV observatios was used
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Table 1: HD 24712: journal of RV observations

HJD 2400000+ Number of spectra  Time (min)

Phase of rotation

51177.315 39
51183.274 45
51184.293 45
51186.418 24
51197.219 22
51199.253 15
51206.286 21
51213.193 39
51221.202 32
51222.205 35
51223.210 56
5124(.191 40

53 0.920
60 0.399
62 0.480
33 0.651
30 0.518
19 0.681
28 0.246
54 6.800
45 0.443
48 0.524
89 0.604
56 (0.968

The spectral resolution of the Crimean spectra is
not sufficient for abundance mapping of HD 24712
(see Sect.3), therefore we used for this purpose the
observations described in Ryabchikova et al. (1997).
These observations were carried out with the coude
spectrograph of the Canada-Prance-Hawaii telescope
in 1984 on eight consecutive nights, covering about
2/3 of one rotation. Spectra were obtained in the
4460-4525 A
tion. Crimean observations were used mainly to check
abundance maps derived from CFHT spectra.

spectral region with a O.IOA resolu-

3. Abundance mapping

Ryabchikova et al. (1997) found the rotational veloc-
ity for HD24712 to be v sini=5.6 kms_l. The slow
rotation makes it impossible to apply usual Doppler
imaging technique for mapping, because with our
highest spectral resolution we have 3 resolution el-
ements per spectral line (5-6 pixels). Therefore we
used here a simplified method developed by Tsymbal.
Instead of getting local abundances on the surface of
the star we considered the abundance distribution as
a set of circular spots with a given abundance. The
following parameters define the abundance distribu-
tion which provide the best fit to the observed line
profiles:

* coordinates of the center of a spot and its ra-
dius;

+ element abundance inside the spot;

* element abundance in the photosphere;

* inclination of the rotational axis.

The 137°,
magnetic geometry solution by Bagnulo et al. (1995).

last value, i = was taken from the
We used the same atmospheric parameters for the
whole stellar surface as derived by Ryabchikova et al.
. -1
(1997): Teff=7250 K, log g=4.3, &=1.0 kms . Our
mapping procedure was applied to the elements Mg,

Fe, Co, Nd whose spectral lines vary over the rota-
tional period. It was not possible to improve the rota-
tional period using our present observations, therefore
we used here an ephemeris given by Kurtz & Marang

(1987):
JD(magneticmaximum) = 2440577.d23 +
12.%572 E.

As it was pointed out in Introduction the photomet-
ric period agrees better with the most recent B/ mea-
surements (Wade et al., 1999). The use of this period
or the period from Mathys (1991) does not change
significantly the main conclusions drawn in this pa-
per. All atomic line parameters for our calculations
were taken from VALD-2 (Kupka et al., 1999). For
the Prill line the oscillator strength was taken from
Bord (1999).

3.1. Magnesium, cobalt and rare-earth ele-
ments

All these elements have a similar abundance distribu-
tion within one spot. As a representative of the group
of rare-earth elements (REE) we choose neodymium,
which has unblended lines in both spectral regions.
In the red spectral region we also studied the lines of
Ndlll A 6145.07, and PrII A6165.89, PrII1A 6160.24.
The NdIII line is blended with Sil A 6145.02, and
the PrIlIl line is blended with Lull A 6159.93 and
SmII A6160.41. Although we took these blends into
account assuming the same distribution for all REE
elements, the results obtained from the NdIII and
Prilllines are less confident. This is true, in particu-
lar, for the Pr distribution because the PrIl A 6165.89
line is too weak to provide a good map. Coordinates
and radii of the spots and abundances in the spots
and in the photosphere are given in Table 2.

Figs. 1-3 show a comparison between the observed
line profiles and calculated with the adopted abun-
dance distribution for Mg, Co and Nd. We can achieve
abetter fit for both Nd II lines, strongerz\ 4462.98 and
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Table 2: Coordinates end radii of the spots, and abundances inside the spots and in the photosphere. The last

line gives coordinates of the visible south magnetic pole

Coordinates{degree)  Radius log{N/Niot)

Element Latitude Longitude ({degree} Spot Photosphere
Mgll -60 30 70 -6.45 -4.65
Coll -60 30 65 -5.05 -5.85
Pril -60 0 60 -9.35 -10.25
Priil -60 0 60 -7.46 -8.55
Nd I1(blue) -60 30 65 -8.04 -9.54
Nd II{red) -60 30 65 -8.70 -9.30
NdII1 -60 30 65 -6.50 -7.50
South magn. -68 4
pole

Mg Il 4481 Nd Il 4516.316 + Co Il 4516.608

T
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Figure 1: Comparison of the observed (filled circles)
and synthesized line profiles for Mg I X {481 A using
an abundance distribution from Table 2.

weake A 4516.2 playing with the verticd abundane
stratification but we failed to fit NdIl and NdIll
lines with any unique verticd abundane distribution
This mears that simple stratification cannd explan
the abundane differene obtaina from the lines of
the first and the secoml REE ions.

The last line in Table 2 contairs the coordinate
of the visible south magnetc pole in the dipolar con
figuration calculatel by S. Bagnub (private commu
nication). He used measuremerstof the longitudind
magnetc field by Prestm (1972) and by Ryabchike
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Figure 2: The same as in Fig. 1 but for NdII
N4516.36 + Coll A 4516.608 A lines.

vaet al. (1997) aswell as broad-bauwl linear polariza
tion measuremerstby Bagnub et al. (1995) Calcula
tions were macde for the rotationd period P=12.452
days derived from photometry The inclination of the
rotationd axis (i = 1319 in the new modd coin
cides within a few degres with that usel by us. The
position of the spos of Mg (depleted) Co, Nd, Pr,
(enhanced roughly coincides with the position of the
visible magnett pole. Periad uncertainties may be re-
sponsibe for the differene in longitudes of the spots
and of the magnetc pole.

The accuray of the spots radius is abou 10%.
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Figure 3: The same as in Fig. 1 but for NdII
A 4462.979 line. Synthetic spectrum calculations with
the spot Iatéude ¢ = —55% are shown by dashed line;
those with ¢ = —60° are shown by full line.

The accurag of longitude is +10°. The error in lat-
itude is less certain The calculatiors with the spa
latitude ¢ = -55° are shown in Fig.3 by the dashel
line. Note that the calculatiors with the spa latitude
¢ = —55 fully coincide with those for ¢ = —65°
Therefore in Table 2 we give the uppe limit, ¢ <
-60°. We also checkel the REE distribution with 2
spots at both magnetc poles We rejed the posst
bility of two symmetrt spos of equd abundances
a spa nea the invisible magnetc pole in a dipole
configuraticm mus be less anomalous

3.2. lron

According to Presta (1972 and Ryabchikowa et al.
(1997 the iron lines vary in counte phag with the
REE lines. The amplitudes of thes variatiors are
smaller This type of variatiors can be successfult
representé by a ring-like iron distribution arourd
the magnetc equator We approximate the equato
band by 5 spots with R=40° each Coordinates and
Fe abundance in the spos and in the photosphee
for blue specta are given in Table 3. In red speec
tra the Fel AX\ 6137-38 line profiles can be success
fully fitted with the abundane log(Fe/Ntot)=-5.03
in the ring and with log(Fe/Ntot)=-5.35 in the pho-
tosphere Note smal abundane gradient betwee
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Table 3: Coordinates of the Fe spots forming a ring-
like structure around magnetic equator, Fe abun-
dances inside the spots and in the photosphere as de-
rived from blue spectra are given.

Coordinates(degree) log{N /Ny )
Spot Latitude Longitude Spot Photosphere
1 30 31 -5.3 -5.5
2 5.7 111 -5.1 -9.8
3 -28.5 191 -4.9 -5.5
4 -16.1 271 -5.1 -5.5
5 23.9 351 -5.3 -5.5

Fe | 4461.653 + Fe Il 4461.706
—r T T T T T T

T

Figure 4: Comparison of the observed (filled circles)
and synthesized line profiles for Fel X {461.653 +
Fell) 4461.706 A using an abundance distribution
from Table 3.

the equato belt and othe parts of the stella surface
The fit of the calculata line profiles to the observe
ones for the blend of Fel + Fell lines a A 44616 is
shown in Fig.4.

4. Rapid radial velocity variations

Savane et al. (1999 found the highes amplitude of
RV variatiors in the PrlllA 6160 and NdlllA 6145
lines in the roAp star ¥ Equ. The Fel and Ball lines
did not shov RV variatiors beyord the error limit
which was estimatel as 140 - 180 ms *. Due to the
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Figure 5: Radial wvelocity wvariations obtained
from Fel, Ball, NdIII and PriIll lines at

HID=2451177.296.

lower S/N of the presen observatios and lower re-
solving power, we get larger errors of RV measure
ments We estimae them to be 200 - 400 ms ' for
deepe lines (Ball, NdIIl, Prlll) and 400-5% ms™*
for Fel lines An exampk of the RV variatiors for one
of the nights is shown in Fig.5.

A seart for period was performal with the pack
age ISDA (Pelt, 1992 and with the programne
PERDET (Breger 1990 in the frequeny region from
25 mHz to 29 mHz where the main photomet
ric frequencis are observed A powea spectrun ob-
tained from the whole observationh run is shown
in Fig.6 for Prlll (uppe pane) and Ndlll lines
(lower panel) Six photometre pulsationa frequen
cies (Kurtz et al., 1989 are indicated by the dots
Taking into accourn our error estimats shown by the
dotted line, we concluce that margind pulsatiors are
registere in the Prlll line only. From seven frequen
cies with amplitudes exceedig the error limits, only
two frequencies f,=2.636 mHz (P,=6.3213min
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Figure 6: Power spectrum obtained from Pr il (upper
panel) and Nd I (lower panel) RV measuremnents.
Photometric frequencies are shown by dots. Power
spectrum after subtraction of the fy +fy frequencies is
shown in the middle penel. RV error level is given by
dotted line.

semiamplitude=24 ms*), and f,=2.6353 mHz
(P,=6.3243min semiamplitude=16 ms ') may be
considere as independent the othe frequencis are
daily aliases

Fig. 6 (uppe pane) shows the positiors of
all 7 frequencies while in the middle pand a
power spectrun after subtractiom of the signd with
f,+f, frequencis is given The pulsation& period
P=6.32min obtaine from the PrillA 6160.2 line
does not coincide with any of the photometre pul-
sationd periodks (Kurtz et al., 1989) Of course this
has to be confirmed on the bass of more accurae
high-speé spectroscop observatons
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Figure 7: Variations with the rotational period of
the longitudinal magnetic field {a), photometric pul-
sational ammplitude (b}, RV (Pr III}) pulsational fre-
quency (c) and amplitude (d). Photometric frequen-
cies in (¢} are shown by dotted lines. Magnetic mea-
surements (Mg - open circles, TiCrFe - open squares,
EuGd - open triangles} are taken from Preston (1972)
and from Ryebchikova et al. (1997) - filled circles.

5. Discussion

According to the oblique pulsatad modd for roAp
stars (Kurtz, 1982) pulsatiors are more effective
along the magnetc axes Photometr¢ pulsatiors of
HD 24712 suppot this model they hawe the high-
eg¢ amplitude at the phas of passag of the souh
magnett pole. Given the obtainel REE abundane
distribution we would exped¢ a rotationd modula
tion of the RV amplitudes Fig. 7 shows variatiors of
the magnetc field (a), photometrc pulsationd ampli-
tudes (b) (Kurtz, 1982) RV (Prlll) pulsation& fre-
guencie (c¢) and amplitudes (d) with the rotationd
period We did not find such amodulation The accu
racy of the presem RV measuremerstdoes not allow
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one to excluce the existene of this kind of modula
tion with lower amplitudes It is not unlikely that the
rotationd modulation exists but its amplitude does
not exceel 2 7.

Nothing can be said concernig pha® correla
tions, becaus the photometre and RV observatios
are spacel by 18 years the lateg longitudind mag
netic field observatios shown in Fig. 7a were made
15 years aga Periad uncertainy may cau® a phase
shift of up to 0.1.
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