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A b s t r a c t . We present the abundance distribution of Mg, Fe, Co, Nd, Pr on the surface of 
the roAp star HD 24712. Co, Nd and Pr are concentrated in one big spot near the visible south 
magnetic pole of the star, while Mg is depleted in the same region. Intensity variations of the 
iron lines can be explained by the Fe abundance distribution around the magnetic equator. A 
search for radial velocity (RV) variations resulted in discovery of rapid RV variations in the PrIII 

6160.24 line with an amplitude of 250 m s - 1 and a period P=6.32 min. This period does 
not coincide with the known period, P=6.15 min, of the photometric pulsations. We did not find 
rotat ional modulat ion of the RV ampli tude, which should be expected in an oblique pulsator 
model for roAp stars. 

1. Introduction 

HD 24712 (HR1217, DO Eri, V = 6.00) is a well-
known variable, rapidly oscillating Ap (roAp) star. 
I t possesses light (Wolff & Morrison, 1973) spectrum 
and magnetic (Preston, 1972) variations with a rota-
tion period P=12.46 days. Kurtz (1981) discovered 
photometric oscillations with a period of 6.15 min. 
Later Kurtz (1982) found that the maximum of the 
pulsational ampl i tude corresponds to the maximum 
of the longitudinal magnetic field (Bl) which does 
not change polarity. Mat thews et al. (1988) found ra-
dial velocity (RV) variations with an ampli tude of 
0.4 ± 0.05 k m s - 1 and with the main frequency of 
the photometr ic pulsations. Moreover, according to 
the authors the ampl i tude of the RV variations cor-
relates with the ampl i tude of the photometric pulsa-
tions showing its maximal value at the phases of the 
magnetic maximum. 

Additional magnetic f ield measurements were 
published by Ryabchikova et al. (1997). The authors 
also investigated spectral variability of HD 24712, 
and provided an abundance analysis of the star at 
the phases of the maximum and minimum of the 
longitudinal magnetic f ield. They pointed out that 
the rotational period P=12.4610 days obtained by 
Mathys (1991) from magnetic measurements removes 
the phase shift between light, spectrum and m a g n e t ic 
variations, while the rotat ional period P=12.4572 
days obtained from photometry (Kurtz & Marang, 
1987) gives a 0.08 phase shift between photometr ic 

and magnetic variations. Recent very accurate B l 

measurements made by Wade et al. (1999) seem to 
favour the photometric period, although a special in-
vestigation is nedeed to clarify the period problem for 
HD 24712, which is important for establishing con-
nection between magnetic and pulsational phenom-
ena and surface abundance distr ibution. 

We present the fisrt results of abundance mapping 
of HD 24712, and preliminary results of RV monitor-
ing. 

2. Observations and data reduction 

High-speed spectroscopy of HD 24712 was performed 
in December 1998 - March 1999. Spectra were ob-
tained with the Photometries CCD camera installed 
in the coude spectrograph of the 2.6 m Schajn reflec-
tor of the Crimean Astrophysical Observatory. The 
exposure time was 60 seconds. We had to use a wider 
slit corresponding to a resolving power of R=20000 
to obtain a mean signal-to-noise rat io of about 30-
60 for an individual spectrum. Al l observations were 
made in the spectral region 6110-6175 which con-
tains FeI, BaI I, PrIII and NdII I lines. The obser-
vational log is given in Table 1. The second and the 
third columns give the number of spectra per night 
and the duration of the observations in minutes. The 
last column gives the rotat ional phase corresponding 
to the middle of each observational night. The same 
reduction procedure as described in Savanov et al. 
(1999) for Equ RV observations was used. 
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T h e  sp e c tra l  reso lution  o f  t h e  C r im e a n  s p e c t r a  is 

not  sufficient  for  a b u n d a n c e  m a p p i n g  of  HD  24712 

(see  Sect.3),  therefore  we  used  for  th is  p u r p o s e  t h e 

observations  described  in  R yabchikova  et  al.  (1997). 

These  observations  were  carr ied  o u t  w i th  t h e  coude 

spectrograph  of  t h e  C an ad a-P ran ce-H aw aii  te lescope 

in  1984  on  eight  consecutive  n igh ts ,  covering  a b o u t 

2/3  of  one  r o t a t i o n .  S p e c t r a  were  o b t a i n e d  in  t h e 

4460-4525  sp e c tra l  region  w ith  a  0.10  resolu-

tion.  C r im e a n  observat ions  were  used  m a in ly  to  check 

ab u n d an ce  m a p s  derived  from  C F H T  s p e c t r a . 

3.  A b u n d a n c e  m a p p in g 

Ryabchikova  et  al.  (1997)  found  t h e  r o t a t i o n a l  veloc-

ity  for  H D 2 4 7 1 2  to  be v  s i n i = 5 . 6  k m s
- 1

.  T h e  slow 

rotat ion  m akes  i t  im possib le  to  a p p ly  u su a l  D o p p ler 

imaging  tech n iq u e  for  m a p p i n g ,  b e c a u se  w ith  o u r 

highest  sp e c tra l  reso lution  we  have  3  reso lu t io n  el-

ements  p er  sp e c tra l  line  (5-6  pixels).  Th ere fore  we 

used  here  a  simplified  m e t h o d  developed  by  T s y m b a l . 

Instead  of  g e t t in g  local  a b u n d a n c e s  on  t h e  surface  of 

the  s t a r  w e  considered  t h e  a b u n d a n c e  d i s t r ib u t io n  as 

a  set  of  c ircular  s p o t s  w i th  a  given  a b u n d a n c e .  T h e 

following  p a r a m e t e r s  define  t h e  a b u n d a n c e  d is t r ib u -

tion  which  provide  t h e  b e s t  fit  to  t h e  observed  line 

profiles: 

•  co o rd in ates  of  t h e  center  of  a  s p o t  a n d  its  ra-

dius; 

•  e lem ent  a b u n d a n c e  inside  t h e  sp o t ; 

•  elem ent  a b u n d a n c e  in  t h e  p h o t o s p h e r e ; 

•  inclination  of  t h e  r o t a t i o n a l  axis. 

T h e  last  value, i  =  137°,  was  ta k e n  from  t h e 

m agnetic  geo m etry  so lution  by  B agn u lo  et  a l.  (1995). 

W e  used  t h e  sa m e  a t m o s p h e r i c  p a r a m e t e r s  for  t h e 

whole  stellar  surface  as  derived  by  R yabchikova  et  al. 

(1997):  Te f f= 7250  K ,  log  g = 4 . 3 ,  = 1 . 0  k m s
- 1

.  O u r 

m a p p in g  p ro c e d u re  w as  app l ied  to  t h e  e le m e n ts  M g, 

Fe,  C o,  N d  whose  sp e c tra l  lines  vary  over  t h e  r o t a -

t ional  per iod .  I t  was  n o t  possib le  to  im prove  t h e  r o t a -

t ional  per iod  using  our  p re se n t  observat ions,  therefore 

w e  used  here  an  ep h em eris  given  by  K u r t z  &  M a r a n g 

(1987): 

J D ( m a g n e t i c m a x i m u m )  =  2440577.
d

23  + 

12.
d
4572 E. 

A s  i t  w as  p o in ted  o u t  in  I n t r o d u c t i o n  t h e  p h o t o m e t -

ric  per iod  agrees  b e t t e r  w i th  t h e  m o s t  recent B l  m e a -

su re m e n ts  (W ade  et  al.,  1999).  T h e  use  of  th is  period 

or  t h e  p e r io d  from  M a t h y s  (1991)  does  n o t  change 

significantly  t h e  m a in  conclusions  d r a w n  in  th is  pa-

p er .  All  a to m ic  line  p a r a m e t e r s  for  o u r  calculations 

were  ta k e n  from  VALD-2  ( K u p k a  et  al.,  1999).  For 

t h e  P r i l l  line  t h e  oscillator  s t r e n g t h  was  ta k e n  f r o m 

B ord  (1999). 

3 . 1 .  M agnesium,  cobalt  and  гаге-earth  ele-

m ents 

All  these  e lem ents  have  a  s im ilar  a b u n d a n c e  d istr ibu-

t ion  w ith in  one  sp o t .  As  a  re p re se n ta t iv e  of  th e  g ro u p 

of ra re -e a r th  e lem en ts  ( R E E )  w e  choose  n e o d y m iu m , 

which  h a s  u n b le n d e d  lines  in  b o t h  sp e c tra l  regions. 

In  t h e  red  sp ectra l  region  we  also  s tu d ie d  t h e  lines  of 

N d l l l  6145.07,  a n d  P r I I  6165.89,  P rIII  6160.24. 

T h e  NdIII  line  is  b len d ed  w i t h  Si I  6145.02,  and 

t h e  PrIII  line  is  b len d ed  w i t h LuII  6159.93  an d 

Sm II  6160.41.  A l th o u g h  we  to o k  th e se  b lends  in to 

accoun t  assum in g  t h e  s a m e  d i s t r ib u t io n  for  all  R E E 

e lem ents,  t h e  resu lts  o b t a i n e d  f ro m  t h e  N d III  a n d 

P r i I I lines  a re  less  confident.  T h i s  i s  t r u e ,  in  p a r t ic u -

lar,  for  t h e  P r  d is t r ib u t io n  b e c a u se  t h e  P r II  6165.89 

line  is  t o o  weak  to  p ro v id e  a  g o o d  m a p .  C o o rd in a te s 

a n d  rad ii  o f  t h e  sp o ts  a n d  a b u n d a n c e s  in  t h e  spots 

a n d  in  t h e  p h o to s p h e r e  a r e  given  in  Table  2 . 

Figs.  1-3  show  a  c o m p ariso n  b e tw een  t h e  observed 

line  profiles  a n d  c a lc u la ted  w i th  t h e  a d o p t e d  a b u n -

d a n c e  d is tr ib u t io n  for  M g,  C o  a n d  N d .  W e  can  achieve 

a b e t t e r  fit  for  b o t h  Nd II  lines,  s t ro n ge r  4462.98  an d 
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weaker 4516.32 playing with the vertical abundance 
stratification, but we failed to fi t NdII and NdIII 
lines with any unique vertical abundance distribution. 
This means that simple stratification cannot explain 
the abundance difference obtained from the lines of 
the f i rst and the second R EE ions. 

The last line in Table 2 contains the coordinates 
of the visible south magnet ic pole in the dipolar con-
figuration calculated by S. Bagnulo (private commu-
nication). He used measurements of the longitudinal 
magnetic field by Preston (1972), and by Ryabchiko-

va et al. (1997), as well as broad-band linear polariza-
tion measurements by Bagnulo et al. (1995). Calcula-
tions were made for the rotational period P=12.4572 
days derived from photometry. The inclination of the 
rotational axis (i = 131°) in the new model coin-
cides within a few degrees with that used by us. The 
position of the spots of Mg (depleted), Co, Nd, Pr, 
(enhanced) roughly coincides with the position of the 
visible magnetic pole. Period uncertainties may be re-
sponsible for the difference in longitudes of the spots 
and of the magnetic pole. 

The accuracy of the spot 's radius is about 10%. 
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The accuracy of longitude is ±10°. The error in lat-
itude is less certain. The calculations with the spot 
lat i tude = - 5 5° are shown in Fig.3 by the dashed 
line. Note that the calculations with the spot lat i tude 

= —55° fully coincide with those for = —65°. 
Therefore in Table 2 we give the upper limit , 
- 6 0 °. We also checked the R EE distr ibution with 2 
spots at both magnetic poles. We reject the possi-
bilit y of two symmetric spots of equal abundances; 
a spot near the invisible magnetic pole in a dipole 
configuration must be less anomalous. 

3 .2 . Iron 

According to Preston (1972) and Ryabchikova et al. 
(1997) the iron lines vary in counter phase with the 
REE lines. The ampli tudes of these variations are 
smaller. This type of variations can be successfully 
represented by a ring-like iron distr ibution around 
the magnetic equator. We approximated the equator 
band by 5 spots with R=40° each. Coordinates and 
Fe abundances in the spots and in the photosphere 
for blue spectra are given in Table 3. In red spec-
t ra the Fel 6137-38 line profiles can be success-
full y fitted with the abundance log (Fe/ N t o t )= -5 .03 
i n the ring and with l og (Fe/ N t o t )= -5 .35 in the pho-
tosphere. Note small abundance gradients between 

the equator belt and other par ts of the stellar surface. 

The fi t of the calculated line profiles to the observed 

ones for the blend of FeI + FeII lines at 4461.6 is 

shown in Fig.4. 

4. Rapid radial velocity variations 

Savanov et al. (1999) found the highest amplitude of 

RV variations in the PrIII 6160 and NdIII 6145 

lines in the roAp star Equ. The FeI and BaII lines 

did not show RV variations beyond the error limi t 

which was est imated as 140 - 180 m s - 1 . Due to the 
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lower S/N of the present observations and lower re-
solving power, we get larger errors of RV measure-
ments. We est imate them to be 200 - 400 m s - 1 for 
deeper lines (BaI I, Nd I I I , P r I I I ) and 4 0 0 - 5 50 m s - 1 

for Fe I lines. An example of the RV variations for one 
of the nights is shown in Fig.5. 

A search for period was performed with the pack-
age ISDA (Pelt, 1992) and with the programme 
PERDET (Breger, 1990) in the frequency region from 
2.5 mHz to 2.9 mHz, where the main photomet-
ric frequencies are observed. A power spectrum ob-
tained from the whole observational run is shown 
in Fig.6 for PrIII (upper panel) and NdIII lines 
(lower panel). Six photometr ic pulsational frequen-
cies (Kurtz et al., 1989) are indicated by the dots. 
Taking into account our error estimates shown by the 
dotted line, we conclude that marginal pulsations are 
registered in the Pr II I line only. From seven frequen-
cies with amplitudes exceeding the error limits, only 
two frequencies, f 3=2.6366 mHz (P3 =6.3213min, 

semiampli tude=244 m s - 1 ) , and f 2 =2.6353 mHz 
(P4 =6.3243min, semiampli tude=160 m s - 1 ) may be 
considered as independent; the other frequencies are 
daily aliases. 

Fig. 6 (upper panel) shows the positions of 
all 7 frequencies, while in the middle panel a 
power spectrum after subtraction of the signal with 
f 3+f 4 frequencies is given. The pulsational period, 
P=6.32min, obtained from the PrIII 6160.24 line 
does not coincide with any of the photometr ic pul-
sational periods (Kurtz et al., 1989). Of course, this 
has to be confirmed on the basis of more accurate 
high-speed spectroscopic observatons. 
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5. Discussion 

According to the oblique pulsator model for roAp 
stars (Kurtz, 1982), pulsations are more effective 
along the magnetic axes. Photometr ic pulsations of 
HD 24712 support this model; they have the high-
est amplitude at the phase of passage of the south 
magnetic pole. Given the obtained REE abundance 
distribution we would expect a rotat ional modula-
tion of the RV ampli tudes. Fig. 7 shows variations of 
the magnetic field (a), photometr ic pulsational ampli-
tudes (b) (Kurtz, 1982), RV (Pr I I I ) pulsational fre-
quencies (c) and ampl i tudes (d) with the rotational 
period. We did not find such a modulat ion. The accu-
racy of the present RV measurements does not allow 

one to exclude the existence of this kind of modula-
tion with lower amplitudes. I t is not unlikely that the 
rotational modulat ion exists, but its amplitude does 
not exceed 2 . 

Nothing can be said concerning phase correla-
tions, because the photometr ic and RV observations 
are spaced by 18 years, the latest longitudinal mag-
netic field observations shown in Fig. 7a were made 
15 years ago. Period uncertainty may cause a phase 
shift of up to 0.1. 
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