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Abstract. We present ground-based multi-colour Geneva photometry and high-resolution spectra of four variable B-type stars:
HD 105382, HD 131120, HD 138769 and HD 55522. All sets of data reveal monoperiodic stars. A comparison of moment
variations of two spectral lines, one silicon line and one helium line, allows us to exclude the pulsation model as being the
cause of the observed variability of the four stars. We therefore delete the four stars from the list of candidate slowly pulsating
B stars. We attribute the line-profile variations to non-homogeneous distributions of elements on the stellar surface and we derive
abundance maps for both elements on the stellar surface by means of the Doppler Imaging technique. We confirm HD 131120
to be a He-weak star and we classify HD 105382, HD 138769 as new He-weak stars. HD 55522 has the solar helium abundance
but the mean abundance value of He varies by 0.8 dex during the stellar rotation. For HD 131120 and HD 105382, helium is
enhanced in regions of the stellar surface where silicon is depleted and depleted in regions where silicon is enhanced.
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1. Introduction rotational modulation instead of stellar pulsation. Moreover we

derive abundance maps for both elements Si and He on the stel-

Aerts etal. (1999) and Mathias et al. (2001) started a long-teff g,y ce of these four studied stars by means of the Doppler

spectroscopic project to monitor some 20 candidate slowly p'ﬂlﬁaging technique.

sating B stars (SPBs) selected among many candidates discov—The paper is organized as follows. In Sect. 2 we describe

ered from the HIPPARCOS mission (Waelkens et al. 1998). In . T ' :
the observations that we have at our disposal and we derive

this selected sample, four stars are distinguishable from con- .
P g ome physical parameters of the stars. In Sect. 3 we show the

firmed SPBs (De Cat 2001) although they showed “ne'pmf%%tcome of the frequency analysis on photometric and spectro-

variations similar to those of SPBs at first sight: HD 10538 . . o
(B211l), HD 131120 (B2.51l), HD 138769 (B3IVp) and Scopic data together with the variations of the moments of the

HD 55522 (B2 V). Si and He lines. Abundance distributions on the stellar surface

. of both elements are derived in Sect. 4. Conclusions are given
In Briquet et al. (2001a) we have already made an ext8f-gect 5

sive study of the star HD 105382 but we could not choose

between rival hypotheses, namely non-radial pulsation or rota-

tional modulation, to explain the observed monoperiodic vari- .

ability of the star. In Briquet et al. (2001b) a comparison ¢t- Data and physical parameters

the moment variations of silicon lines tp the ones of a heliuW/e have three datasets at our disposal: HIPPARCOS photome-
line allowed us to exclude the pulsation r_nodel for the ?‘ﬁfy, multicolour Geneva photometry and high-resolution spec-
HD 131120. In this paper, we show that this way to d|scr|n?Fo copic data. The Geneva photometric observations were ob-
inate between stellar pulsation and stellar spots can be U ﬁed with the Swiss telescope situated at La Silla in Chile.
for HD 105382 and the two other B-type stars HD 138769 a e spectroscopic data were obtained with the OATS tele-

HD 55522 so that we attribute the variations of the four stars 80pe of ESO in Chile. The spectral domain was [4115,4135] A

Send gprint requests toM. Briquet in order to get the Sill-doublet with lines af 41284130 A
e-mail‘:.maryline@ster.ku.leuven.,ac.be so that we also have the Hel 4121 A line. A log of the obser-

* Based on observations obtained with the Swiss photometric teY@lions is given in Table 1. The number of observations and
scope and ESO’s CATES telescope, both situated at La Silla, childhe ranges of their Julian Dates are given in Table 2 for the
=+ Appendix A, Tables 1 and 2 and Figs. 9, 11, 13 are only availabd€ctroscopy. For a complete description of the observations
in electronic form ahttp://www.edpsciences.org and data reductions we refer to Aerts et al. (1999) and De Cat

*** Postdoctoral Fellow of the Fund for Scientific Research, Flande(2001).
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Table 3. Physical parameters of the four studied stars.

HD 131120 HD 105382 HD 138769 HD 55522
Ter (K) 18250+ 420 17 400+ 400 17500+ 400 17400+ 400
log g 410+ 0.15 418+ 0.15 422+ 0.15 415+ 0.15
log L/Le 3.13+0.15 289+ 0.15 298+ 0.15 295+ 0.15
M (Mo) 6.1+0.6 57+04 54+04 55+03
R(Ry) 36+08 30+0.6 34+06 33+06

A first estimate of theféective temperature and of the gravstar, the temporal behaviour and phasing of the moments are
ity of our targets is obtained by means of the photometric cdhe same whatever is the line. Moreover the amplitude of the
ibration by Kuinzli et al. (1997) to the mean magnitudes in thiérst moment, which is the radial velocity in the case of pulsa-
Geneva filters. The parallax measured by HIPPARCOS ptan, does not depend too much on the lines for SPBs. Clearly,
vides the distance. This, together with the average visual még- HD 105382, the frequencyf2dominates the moments of
nitude, gives the absolute visual magnitude. One obtains the He line while it is the frequencyfor the Si line. The min-
bolometric magnitude and consequently the luminosity takingium value for< v > and< »® > of the Si line corresponds to
into account the bolometric correction (BC), which is calcta maximum value for the He line. The peak-to-peak amplitude
lated by means of Flower’s relation (1996) betwé&gp and in < v > obtained from the He line is about 20 knt svhile the
BC. With the values for theffective temperature and the lumi-one obtained from the Si line is about 10 kmh.s
nosity one estimates the mass by using the evolutionary tracksWe also show the equivalent width variations of the Sill
published by Schaller et al. (1992). We also calculated the ##28 A line and of the Hel 4121 A line respectively in the
dius. The results are given in Table 3. We stress that the stheft and right upper panels of Fig. 5. The equivalent widths
dard errors given in Table 3 are formal errors, i.e. errors deriveary with the same frequency as the higher order moments.
from uncertainties due to interpolation irukZli et al.'s grid of The relativeEW variations of the Si line and of the He line
standard stars. As we are dealing with spotted stars, these &oe about 9% and 7% respectively, which is large compared

mal errors are underestimates of the true uncertainties. to the ones of confirmed SPBs (De Cat 2001). Moreover
De Ridder et al. (2002) have shown that relatix variations
3. Frequency analysis and moment variations of Si lines never exceed a few percent for slowly-rotating non-

) radially pulsating B stars.
For the star HD131120, our frequency analysis on A these peculiarities of the variations of the line profiles
HIPPARCOS and Geneva photometry and our analyf§iiq us to exclude the pulsational model as an explanation for
of the moment variations: v >, < v? > and < v® > (for @  the variability of HD 105382. As the moment variations of the
definition, see Aerts et al. 1992) of both lines of Si and He a&8 g31d He lines resemble those of HD 131120, we also at-
fully described in Briquet et al. (2001b). In this section, Wgipyte the variability of HD 105382 to rotational modulation.
describe similar analyses for our three other considered staliggeed, for HD 131120, we modelled the line-profile variations
~ The frequency analysis on the datasets was performed ysmeans of a simple model with circular spots for which the
ing the PDM method (Stellingwerf 1978), the Scargle angy in the spots dfers from that coming from the rest of the
CLEAN methods (Scargle 1981; Roberts et al. 1987). We,¢ (griquet et al. 2001b). Such a basic model was able to re-
tested frequencies from 0 to 3 cycles per day { avith a proquce the first three moment variations of the lines, the large
frequency step of 0.0001 ctland we searched for multiple gquivalent width variations as well as dfdrent behaviour of

periods by prewhitening. moments of silicon and helium lines. We then concluded that a
good explanation for the variability of the star is its rotation in
3.1. HD 105382 the presence of non-homogeneous distributions of elements on

) the stellar surface.
In Briquet et al. (2001a), we performed a frequency analysis

for HD 105382 on photometry as well as on high-resolution
Sill 4128-4130 A lines. All these data point out that there i$-2. HD 138769
only one period of 1.295 days presentin t_he star. .3.2.1. The HIPPARCOS and Geneva photometric data

In this paper, we complete our analysis by also computing
the first three moments of the He 1 4121 A line in order to conta the HIPPARCOS measurements all three methods of pe-
pare their temporal variations to those of the Si lines<lm> riod determination lead to a clear frequency, whichfis=
we found subsequentlyf2and f, which reduce together the0.4786 c d'. This frequency reduces the data standard devia-
standard deviation by 65%. k v?> > we found subsequently tion by 30%. A phase diagram for this frequency is represented
2f, f and 3f. In < v3 > we found X. Phase diagrams ferv >, in the upper left panel of Fig. 2. Note that the peak-to-peak
< v > and< v® > computed from the Si and He lines aramplitude ofH,-data is only 0.015 mag and the standard de-
shown in Fig. 1. A comparison of the behaviour of both linedation of the residuals is some 0.00464 mag, which is only
allows us to conclude that the cause of the observed variabiltightly larger than the average error on the data of 0.0043 mag.
of the star cannot be stellar pulsation. Indeed, for a pulsatiig searched for another frequency in the data but we were not
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Fig. 1. For HD 105382, first three observed moments of the Sill 4128 A line (dots, left) and of the Hel 4121 A line (dots,<righs),
<1v? > and< v® > are expressed respectively in km,gkm s%)? and (km st)3. The full lines represent the best harmonic fits for the indicated
frequency.

able to determine one. The PDM and Scargle methods led to In the second and third moment of the Sill 4128 A line

different candidates. we were not able to determine a frequency. Concerning the
We found the same main frequenéyin the seven filters Hel4121 A line, its second moment does not show a clear fre-

of Geneva photometry, which reduces the standard deviatigurency while the third moment clearly presents the frequéncy

by 25%. A phase diagram for thé-magnitude is shown in the and its first harmonic 2 Phase diagrams of these moments of

upper right panel of Fig. 2. As for HIPPARCOS photometry wigoth lines are represented in Fig. 3. The behaviow of >,

were not able to derive a second frequency. < v”> > and< v® > resemble the one of HD 131120 (Briquet

et al. 2001b). Consequently we conclude that the variability of

the star is due to rotational modulation. The equivalent width of

both lines varies withf as shown in Fig. 5. The relative equiv-

Through the PDM method we found the frequeridyp the first alent width variation is about 9% and 17% for respectively the

moment computed from the Si Il 4128 A line. After prewhitenSi line and the He line.

ing with f we found a frequency very close td.2In < v >

computed from the Hel 4121 A line, the PDM method lead

subsequently to the frequenciésand 2f. Using the Scargle §'3' HD 55522

method we obtained * f as first frequency and f2after 331 The HIPPARCOS and Geneva photometric data

prewhitening withf. Phase diagrams for v > are shown in

the upper part of Fig. 3. The frequentynd its first harmonic De Cat (2001) already made a period search in photometric

reduce the standard deviation-ofv > computed from the He datasets of the star HD 55522. In this paper we show again the

line by 74%. variations of photometry to underline thef@irent behaviour of

3.2.2. The spectroscopic data
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Fig. 2. For HD 138769 (upper) and HD 55522 (lower), phase diagrams of the HIPPARCOS data andWfrtagnitude data (dots) are
compared with their best sinusoidal fits for the indicated frequency (full lines).

the star compared to confirmed SPBs. For both HIPPARC@8e to pulsation but can be caused by rotational modulation.
and Geneva photometric data we found subsequently the Wée recall again their characteristics. Harmonics of the fre-
quencyf = 0.3664 cd?! and 2f. f with 2f reduce the stan- quency are present in the datasets. The moment variations of
dard deviation by 53% and 69% for HIPPARCOS and Genetlze He line are completely filerent from those of the Si lines.
data respectively. Phase diagrams for both types of photonigte peak-to-peak amplitude of the first moment computed
ric data are shown in Fig. 2. Clearly the variability of the star isom the He line is four times larger than the one computed
dominated by only one frequency and its first harmonic. Noom the Si line.

other frequencies can be found in the photometric datasets.  In Fig. 5 the equivalent width variations of both consid-
ered lines are represented for HD 105382, HD 138769 and
HD 55522 (those of HD 131120 are given in Briquet et al.
2001b). The ones of the Si line do not show any periodicity and

The frequency analysis on the Si Il 4128130 A doublet does are very noisy while th&Wvariations of the He line present a
not lead to a clear frequency although the frequeinsgems to clear periodicity withf and harmonics as for the higher order
be presentin the first moment of the Sill 4128 A line. Howevépoments. We note that the relati&Vvariation of the He line
in the first moment of the He 1 4121 A line, the frequerfcis  is about 35%, which is very large.
clearly found and even its harmonics up tb. &he frequen-
cies f and its first three harmonics reduce the standard devzila—Ab d ; .
tion of < v > by 76% for the helium line. - Abundance surtace mapping

In < v? > and< v® > of the Sill 4128-4130 A lines it We interpret the observed monoperiodic variability of the four
was not possible to find a frequency. Phase diagram$ &oe  studied stars to their rotation and inhomogeneities of elements
shown in the left part of Fig. 4. The moments are very noisyh their stellar surface. The best method available to map sur-
and no clear periodicity is observed. For the He | 4121 A lineace abundances of CP stars is the Doppler Imaging tech-
however, we found irc v? > the frequencyf followed by 3f nique. Thanks to the code INVERS11 developed by Piskunov,
and in< v* > we foundf followed by 2f. Phase diagrams of we mapped the surface silicon and helium abundance by
the first three moments of the helium line are shown in the righging the Sill 41284130 doublet, the Hel 4121 A line
part of Fig. 4. No other frequency could be founddim > nor and the Hel 4143 A line. For a detailed description of the
< v? > or < v® >. The star is clearly monoperiodic. code INVERS11, we refer to Appendix A and taftinger

As for HD 131120, HD 105382 and HD 138769 we conet al. (2003). For the spectral synthesis of local line profiles,
clude that such typical variations of the moments are notodel atmospheres were calculated with Kurucz's ATLAS9

3.3.2. The spectroscopic data
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Fig. 3. For HD 138769, first three observed moments of the Sill 4128 A line (dots, left) and of the Hel 4121 A line (dots,<right),
<v? > and< v® > are expressed respectively in km,gkm s1)? and (km s%)3. The full lines represent the best harmonic fits for the indicated
frequency.

programs (Kurucz 1992, 1993). The Vienna Atomic Line— shows the mapped stellar surface in four rotational phases
Database (VALD, Piskunov et al. 1995; Ryabchikova et al. (0.0, 0.25, 0.5, 0.75). Below each phase, values for the
1999; Kupka et al. 1999) provided the atomic line data. Spectra mean abundance averaged over the visible part can be
were synthesized with the program SYNTH (Piskunov 1992). found. Dark colour means high, bright colour means low
We started with solar abundances and adjusted them by com-abundance.

paring observed and calculated spectra.

The projected rotational velocity, was derived so that the-
oretical profiles reproduce the observed width of the line. A
4.1. HD131120 first estimate for the angle of inclinationvas determined from

Our mapping of the star HD 131120 was performed in the fdfobs = 27Rsini/vg by taking into account the uncertainty on
|0wing way. We varied the paramete’f&f and |O% around the stellar radiusR listed in Table 3. Consequently we var-
their values derived from Geneva photometry. All derived maj¥l va from 55 kms* to 65 kms* with a step of 5 km's'
showed very similar distributions of elements. We then decid@fdi from 20" to 60" with a step of 10. We then chose the
to choose the maps for th-Eeﬁ and |0w values found from combination of parameters which minimizes the residuals be-
Geneva data. To illustrate it, the left and right upper part 8veen observations and the computed line profiles. Note that a
Fig. 6 correspond respectively Tog = 18 600 K, logy = 4.2 difference of 10for the inclination does not change very much
(values found by de Geus 1989) afigh = 18 250 K, logy = the outcome, as illustrated in Fig. 6.
4.1 (Table 3). The figures are divided as follows: The final maps were computed fog: = 18 250 K, logg =
4.1,vo = 60 kms? andi = 30°. The right upper part of Fig. 6
a— is the mercator projection of the abundance distributiovas derived from the Hel 4121 A line, the left middle part of
and comprises contour lines around regions of equal abuig. 6 from the same line but for= 40°, the right middle part
dance; of Fig. 6 from the He | 4143 A line, the left lower part of Fig. 6
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Fig. 4.For HD 55522, first three observed moments of the Sill 4128 A line (dots, left) and of the He 1 4121 A line (dotsgright)c v* > and
< v® > are expressed respectively in km,gkm s1)? and (km s)2. The full lines represent the best harmonic fits for the indicated frequency.

from the He | 4121 A line taking into account the blends of Fen the other hand the right lower part of Fig. 6, shows that he-
and O and the right lower part of Fig. 6 from the Sill-doubldium is enhanced in regions of the stellar surface where silicon
with lines at114128 4130 A. Taking into account blends ofis depleted and inversely.

other elements evidently gives a better fit to line-profile varia-

tions but does not change the structure of the maps. Figure 7

compares the observed and the calculated He and Si profileg & Hp 105382

different phases of observation from phase zero (top) to the end

of the rotation period (bottom). In this section we derive abundance surface maps for

The right middle and left lower part of Fig. 6 show thaHD 105382. For HD 131120 we have shown that an uncer-
helium is globally significantly depleted at the stellar surfadainty of a few hundred Kelvin o and of 0.1 on log
relative to solar abundance 1.05 dex). We find good agree-does not influence significantly the outcome of the Doppler
ment in both maps in the reproduction of the overabundanoapping. We therefore fixed the values of these parameters
spots. A diference between the maps derived for He 4121 atalthose found from Geneva photometry. We varigdirom
He 4143 can be noted. A more pronounced underabundaffekms? to 75 kms? with a step of 5 kms' andi from 20°
centered at the pole (and the less pronounced underabundan&& with a step of 10in order to choose the parameters that
around longitude 280) occurs in the He 4143 map. This migminimize the deviation between observations and computed
be due to the fact that a DI code tends to over- or underinterpliae profiles. As for the previous star, an angle of inclination
abundances in less visible regions like the pole or sub-obsergéthe staii that is 10 lower or higher led to very similar maps.
points, if it does not reach a perfect fit otherwise. Generallywas then not useful to refine the grid of parameters. The de-
abundances in intermediate latitudes are more trustworthy thared maps are shown in Fig. 8 for silicon and helium. Figure 9
in extreme regions, especially if there is a mismatch betweeompares the observed and the calculated He and Si profiles at
different lines of the same element. A comparison between, different phases of observation from phase zero (top) to the end
the one hand the right middle and left lower part of Fig. 6, araf the rotation period (bottom).
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Fig. 5. For HD 105382 (upper), HD 138769 (middle) and HD 55522 (lower), observed equivalent width variations of the Sill 4128 A line (dots,
left) and of the He 1 4121 A line (dots, right), expressed in A. The full line is the best fit for the equivalent width.

We conclude the following. Silicon is depleted on aveiSun. Its observed mean abundance is constant during the rota-
age over the stellar surface compared to the S¥M@ dex). tion of the star. A depleted region is found at the pole while
Helium is significantly depleted on the majority of the stelan enhanced spot is situated at the equator. As for HD 131120
lar surface. On average the stellar surface is very depleted $ect. 4.1), the same remark holds for depleted Si at the pole of
helium compared to the solar abundance. Two strong spbi® 138769. We have less confidence in the polar spot, while
have a longitude dlierence of 180 This corresponds to thethe appearence of a real overabundant region at the equator is
two bumps observed in the first moment of the line (see rigsirengthened by an increase in the equivalent width of the spec-
part of Fig. 1). A less strong third spot is also visible. As fatral lines. For helium the deviation between observed and cal-
HD 131120 the comparison of maps of both elements showasdated profiles is very large so that we have less confidence
that roughly where helium is depleted, silicon is enhanced acancerning the reliability of the derived map. However it is
vice versa. This corresponds to the dephasing observed indlear that the star is also a He-weak star since the helium mean
first moment of the lines (see Fig. 1). abundance is lower than the solar abundance. Figure 11 com-

pares the observed and the calculated Si profilesfrdnt
phases of observation from phase zero (top) to the end of the
4.3. HD 138769 rotation period (bottom).

We derived abundance maps for silicon and helium for

HD 138769 by takindler = 17 500 K and log = 4.2 and by 4 4 HD 55522

varyingug from 60 kms* to 70 km s* with a step of 5 kms'

andi from 30 to 70 with a step of 10. The best silicon map We derived abundance maps for silicon and helium for
was obtained forg = 70 kms?! andi = 40° and is shown HD 55522 in the same way as for the previous stars. We took
in Fig. 10. Silicon is clearly underabundant compared to tfies = 17 400 K and log = 4.1.
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Fig. 6. The abundance distributions on the surface of HD 131120 obtained with INVERRp&r left from the He | 4121 A line fofTe =
18 600 K, logy = 4.2, v, = 60 kms?! andi = 30°. Upper right from the Hel 4121 A line fofTs¢ = 18 250 K, logy = 4.1, vo = 60 km s
andi = 30°. Middle left from the He | 4121 A line foffes = 18 250 K, logg = 4.1, v = 60 kms?! andi = 40°. Middle right from the He |
4143 Aline forTer = 18 250 K, logy = 4.1, v, = 60 km st andi = 30°. Lower left from the He 1 4121 A line foffe; = 18 250 K, logy = 4.1,
vo = 60 kms?t andi = 30, taking into account the blends of Fe andl@wer right from the Sill 4128-4130 A doublet foFes = 18 250 K,
logg = 4.1, v, = 60 kms? andi = 30°. For further explanation we refer to the text.
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4.5. Summary

In Table 4 we summarize the physical parameters that we found
for the four chemically peculiar B stars from the Doppler map-
ping. The rotation periods are well determined, which is the
case for very few single B stars. The radii are compatible with
the values derived from the photometric calibrations listed in
Table 3 and are hence an independent spectroscopic confirma-
tion. Equatorial velocities are around 100 kmh.sSilicon is
found slightly underabundant for the four stars. However their
average Si equivalent widths are not toffelient from the ones

of confirmed SPBs (De Cat 2001). Three stars have on average
an abundance of helium smaller than the solar one which is
—1.05 dex. For HD 131120, helium is underabundant by a fac-
tor of 12 and for HD 105382, helium is underabundant by a
factor of 4.5. HD 138769 is also He-weak while HD 55522 has
on average the solar helium abundance. Future magnetic field
measurements on the one hand would be very helpful to under-
stand the surface abundance patterns of our four studied stars.
On the other hand, it would be interesting to try and explain
our findings for the surface helium and silicon structures from
diffusion processes as they are currently understood.

5. Conclusions

When the observed variability is monoperiodic, it can be un-
clear from the analysis of the variations of one single line pro-
file to which cause they must be attributed. However, the com-
parison of the moment variations offidrent spectral lines of
silicon and helium appeared to be very useful to exclude pul-
sation as being the cause of the observed monoperiodic vari-
A ability of the four distinct stars of our sample of candidate
Fig.7. For HD131120, observed line profiles (crosses) of thaPBs. The peculiarities of these stars compared to confirmed

Sill 4128-4130 A lines [eft) and of the He 4121 A lineright) at SPBs are the following. The stars appear to be monoperiodic

different phases of observation and computed line profiles (full line&fiile SPBs of our sample are generally multiperiodic (De Cat
obtained with INVERS11. 2001; Mathias et al. 2001). The photometry and spectroscopy

led to the same period, which is 1.569 days for HD 131120,
1.295 days for HD 105382, 2.089 days for HD 138769 and
2.769 days for HD 55522. The moments of the studied spec-
tral lines are not sinusoidal but harmonics of the frequency are
also presentin them. For HD 55522, such a non-sinusoidal sig-
We variedv, from 70 kms? to 80 kms? with a step of nal is also observed in HIPPARCOS and Geneva photometry.
5 kms® andi from 60° to 90° with a step of 10. The optimum The moments computed from the Sill 4128130 A doublet
maps were obtained for, = 75 kms?® andi = 80°. They are and from the He | 4121 A line do not behave in the same way
shown in Fig. 12 for Si and He. Figure 13 compares the obnd are not in phase. The equivalent width variations are large
served and the calculated He and Si profiles fiedint phases compared to those of SPBs. In particular, the relaEVévari-
of observation from phase zero (top) to the end of the rotatiation of the He 1 4121 A line for HD 55522 is about 35% which
period (bottom). For silicon, depleted regions compared to tlseremarkably large. All these characteristics cannot be repro-
rest of the stellar surface are situated along the equator widleced by pulsation.
enhanced regions are close to the poles. The average abundanda Briquet et al. (2001b) we showed that a good explanation
of silicon over the stellar surface is almost constant and lowfer the variability of the star HD 131120 is its rotation in the
than solar abundance. The mean abundance of helium vapessence of non-homogeneous distributions of elements on the
by 0.8 dex on half a period of rotation, which reflects the vestellar surface. As the moments of the line profiles of the three
large variations of the equivalent width of this line. A strongther stars vary in a very similar way as those of HD 131120,
helium spot is present on the equator surrounded by a very de also interpreted their variability in terms of rotational mod-
pleted region. For this star, the maps of both elements are vatgtion. For the four stars, we derived stellar surface abundance
different as already suggested by the veffedent variations maps for silicon and helium by means of the Doppler Imaging
of the moments of the tferent lines. technique. A future goal is to derive the surface abundance
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Table 4. Physical parameters of our four targets, derived from Doppler mapping.

HD 131120 HD 105382 HD 138769 HD 55522
Prot (days) 1.569 0.001 1.295: 0.001 2.089: 0.001 2.729: 0.001
i 30+ 10° 50° + 10° 40 + 10° 80 + 10
Veq (km s1) [86; 190] [75; 116] [85; 150] [70; 85]
R(Ro) [2.7; 5.9] [1.9; 3.0] [3.5; 6.2] [3.8; 4.6]
Average Si
abundance (dex) -4.59 -4.76 -5.35 -4.92
Si abundance
range (dex) $4.53;-4.02] [-5.36;-4.16] [-5.70; -5.05] [-5.29;-4.49]
Average He
abundance (dex) -212 -170 He-weak -1.06
He abundance
range (dex) $2.53;-1.48] [-2.34;-0.82] ? [-2.26; 046]
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Fig. 8. The silicon distribution Ieft) and the helium distributionright) on the surface of HD 105382 obtained with INVERS11 from the
Sill 4128-4130 A doublet and from the He | 4121 A line fdg; = 17 400 K, logg = 4.2, v = 70 kmst andi =

90 already reported in the literature. For this star, regions in which

& helium is enhanced correspond to regions in which silicon is

30 depleted. This result is also found for HD 105382 that we clas-

a 0 sify as a new He-weak star since we also found that helium is
-30 depleted on average over the whole stellar surface. HD 138769,

—60 which is reported as a shell star in the literature, is clearly a Bp

—90 He-weak star for which helium is underabundant compared to

360 270 180 90 0 the Sun but also silicon. For HD 55522, we found the mean
phose=0.75 phose=0.5 phose=0.25 phase=0.0 abundance value of helium to vary by 0.8 dex during the stellar

rotation.

We point out that it is the first time that such detailed spec-
troscopic analyses and abundance mapping are performed for
chemically peculiar B stars with such a highg of about
17 500 K. Theoretical diusion models for such temperatures
are needed for a comparison. Moreover, inhomogeneities on

(] the stellar surface are probably correlated to a magnetic field.

=570 =554 -5-38 —5.22 —50% A search for a magnetic field was only performed for the star

Fig. 10. The silicon distribution on the surface of HD 138769 obHD 131120 but was not conclusive. Such investigations would

tained with INVERS11 from the Si Il 41281130 A doublet foiTer = then be very useful for a better understanding of the surface
17500 K, logg = 4.2,vq = 70 kms™ andi = 40°. patterns of these four stars.

b

mean= -5.35 mean= —-5.36 mean= —-5.37 mean= —5.34

mapping for more_e|ement5 i_n_these four stars. For HD_13112anowIedgementsWe thank the referee, Dr. A. P. Hatzes, for his
we found that helium is significantly depleted over all its steliseful suggestions, which helped us to improve this paper. This work
lar surface, which confirms that the star is a He-weak starwass supported by the P.A.l. R d’Attraction Interuniversitaire) and
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Fig. 12. The silicon distribution Ieft) and the helium distributionright) on the surface of HD 55522 obtained with INVERS11 from the
Sill 4128-4130 A doublet and from the He | 4121 A line fog; = 17 400 K, logg = 4.1, = 75 kmst andi = 8¢°
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Appendix A: DI code INVERS11

The DI code used in this paper was created as a Hfpin-o
of a much more complex work on the magnetic DI code
INVERS10. INVERS10 was successfully tested and applied
to several magnetic CP stars. The description of the code, nu-
merical experiments and applications can be found in Piskunov
& Kochukhov (2002), Kochukhov & Piskunov (2002a) and
Kochukhov et al. (2002b). INVERS11 incorporates the main
features of the magnetic code including non-equispaced spa-
tial grid, adaptive wavelength grid, radiative transfer integra-
tion combined with the inverse problem solving, implementa-
tion of parallel calculations etc. The mairfigrences are:

— magnetic fields are not included in calculations and thus a
conventional Feautrier method was selected to compute the
emerging spectra;

— since the spectra are re-computed on each iteration there
is no fundamental limit on a number of chemical elements
mapped simultaneously.

The second property proved to be very useful when dealing
with fast rotating stars with rather limited selection of spec-
tral features. Many of these features represent blends of lines
of different chemical elements all of which are inhomoge-
neously distributed over stellar surface (see e.g. Kuschnig et al.
1999). INVERS11 is sfliciently fast to be used on a single or
multi-processor workstation and a typical map is produced in
a matter of minutes. The input data besides the spectroscopic
observations include the projected rotational velooigini,

the inclination of rotational axi$, spectral resolution of the
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data, the regularization parameter and the initial guess for the
abundances.

The solution of the inverse problem is an iterative procegy 9. For HD 105382, observed line profiles (crosses) of the
during which the code re-computes synthetic spectra and &g 4128-4130 A lines [eft) and of the Hel 4121 A liner{ght) at
justs the abundance maps in order to obtain the optimal fitd@erent phases of observation and computed line profiles (full lines)
the data. The gradients in the maps are restricted by the reghtained with INVERS11.
larization function in such a way that the code starts with the
lowest spatial frequencies of the solution and gradualy recovers
smaller features. The code stops when the data is reproduced
within the error bars or when the reproduction of the data can-
not be improved.
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Wavelength [A]



Table 1. Logbook of the observations of our targets.
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Number of observations

Total time-span (days)

HIPPARCOS Geneva Spectra HIPPARCOS Geneva Spectra
HD 105382 172 132 105 1173 123 719
HD 131120 53 108 77 861 117 476
HD 138769 83 92 35 1123 116 691
HD 55522 187 112 56 1149 417 666
Table 2. Observing log for spectroscopy.
HD 105382 HD 131120 HD 138769 HD 55522
Number of JD Number of JD Number of JD Number of JD
observations 2450000 observations 2450000 observations 2450000 observations 2450000
Start End Start End Start End Start End
44 163 170 27 163 170 9 188 194 6 166 170
12 188 194 15 188 194 12 272 277 9 188 194
11 272 277 13 272 277 1 513 513 14 490 498
10 490 498 4 490 498 1 526 526 8 736 742
4 513 528 4 513 528 3 571 576 7 779 786
3 571 576 6 571 576 2 608 608 12 825 831
1 608 608 8 633 638 6 633 638
7 633 638 1 878 878
3 779 786
8 825 831
2 882 882
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Fig.11. For HD 138769, observed line profiles (crosses) of the
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Fig.13. For HD55522, observed line profiles (crosses) of the
Sill 4128-4130 A lines left) and of the He | 4121 A liner{ght) at
different phases of observation and computed line profiles (full lines)
obtained with INVERS11.



