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ABSTRACT

A common explanation for the observed X-ray emission of A-type stars is the presence of a hidden late-type companion. While this
assumption can be shown to be correct in some cases, a number of lines of evidence suggests that low-mass companions cannot be
the correct cause for the observed activity in all cases. A model explains the X-ray emission for magnetic Ap/Bp stars, focusing
on the AOp star IQ Aur. In this paper we test whether this theoretical model is able to explain the observed X-ray emission. We
present the observations of 13 A-type stars that have been associated with X-ray emission detected by ROSAT. To determine the
mean longitudinal magnetic field strength we measured the circular polarization in the wings of the Balmer lines using FORSI.
Although the emission of those objects that possess magnetic fields fits the prediction of the Babel and Montmerle model, not all
X-ray detections are connected to the presence of a magnetic field. Additionally, the measured magnetic fields do not correlate with
the X-ray luminosity. Accordingly, the magnetically confined wind shock model cannot explain the X-ray emission from all the

presented stars.
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1. Introduction

One of the outstanding discoveries of X-ray astronomy is the de-
tection of X-ray emission from essentially all late-type main se-
quence stars (cf. see the compilation by Schmitt & Liefke 2004,
and references therein). For hot stars X-ray luminosity scales
with the stars’ bolometric luminosity, while for late-type stars
X-ray emission is intimately linked to stellar rotation and con-
vection. The role of magnetic fields — if any — in the X-ray emis-
sion of early-type stars is unclear. Almost immediately after the
detection of X-ray emission from early-type stars (Seward et al.
1979; Harnden et al. 1979), Lucy & White (1980) and Lucy
(1982) proposed a phenomenological model, in which the X-ray
emission is generated from instabilities in these stars’ radiatively
driven winds (Feldmeier et al. 1997; Owocki & Cohen 1999);
an example of this kind of X-ray producing mechanism is the
prototypical O-type star £ Pup (Kramer et al. 2003). An alterna-
tive wind shock model was introduced by Babel & Montmerle
(1997), who assume large scale magnetic structures confining
the (still radiatively driven) wind; the wind shock model can be
brought into very good agreement with the observations (Gagné
et al. 2005) for the magnetic O-type star ®' Ori C. On the other
hand, the X-ray emission from late-type stars is usually inter-
preted as a scaled-up version of solar X-ray emission, where the
emitting hot plasma is believed to be confined by coronal mag-
netic fields. Indeed, convection and rotation have been shown to
be the central ingredients of the magnetic dynamos thought to
be ultimately responsible for the observed activity phenomena
in the Sun and other late-type stars (see Schmitt et al. 1995, and
references therein).

In this scenario, A-type stars ought to be devoid of any
X-ray emission. The winds of such stars should be either ab-
sent or be weak at best. However, contrary to expectations some
A-type stars do in fact show X-ray emission. About 15% of all

bright A-type stars can be identified with X-ray sources found
in the ROSAT All Sky Survey or ROSAT pointed observations
(Schroder & Schmitt 2007). Specifically, out of 1966 bright
A-type stars (m, < 6.5), 312 were detected as X-ray sources,
with 194 of these detections occurring in known binary systems.
Subdivisions of these stars into Ap, Am and giant A-type stars
gives detection rates similar to the overall sample. The usual ex-
planation of these 194 “unexpected” X-ray detections is to at-
tribute their X-ray emission to the presence of low mass com-
panions, and in the 118 A-type stars without known companions
such companions are postulated to exist. It is of course relatively
easy to “hide” a low mass companion of, say, spectral type M in
the vicinity of a bright A-type star. Further, A-type stars are by
comparison young and thus an hypothetical late-type compan-
ion should be quite X-ray luminous, so that the observed X-ray
luminosities of such A-type stars are consistent with X-ray lu-
minosities observed for young M stars and even T-Tauri stars. In
some specific cases, the correctness of the above described low-
mass companion scenario can be explicitly shown. For example,
in the case of the totally eclipsing binary a CrB, a total X-ray
eclipse is found at the time of optical secondary minimum, when
the A-type star in the system is located in the front of the X-ray
emitting G-type star (Schmitt & Kiirster 1993), thus proving that
indeed essentially all the X-ray flux from this system does come
from the G-type star.

Assuming this “companion hypothesis” to be correct, a few
strange findings, which have been accumulated over the years,
remain to be explained (summarized by Schmitt et al. 2005).
First, in quite a few cases (Berghofer & Schmitt 1994; Hubrig
et al. 2001; Stelzer et al. 2006a) high angular resolution data of
(visual) binary systems show X-ray emission from both system
components, implying that further components need to be intro-
duced to explain the observed A-type star X-ray emission. Next,
the star with the largest measured magnetic field of 35000 G
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is Babcock’s star HD 215441 and its spectral type AOVp sug-
gests neither the presence of convection nor of a strong wind.
Yet Babcock’s star is an X-ray source (Czesla & Schmitt 2007).
X-ray emission and in particular X-ray flaring has been observed
from the (extremely) peculiar B-type star o~ Ori E with a sur-
face magnetic field of 10 kG (Groote & Schmitt 2004), yet no
companion is known. Two dimensional MHD simulations from
ud-Doula et al. (2006) suggest that these flares are caused by
centrifugal breakout of the magnetically confined line-driven
wind. Further, X-ray emission has been observed not only from
Babcock’s star, but also stars with the highest measured mag-
netic fields as listed in the compilation by Bychkov et al. (2003).
An orbital modulation of the X-ray emission has been observed
for the magnetic stars ® Ori C (Gagne et al. 1997) as well as
HD 133880 (Czesla & Schmitt, in preparation). Finally, a sur-
vey for X-ray emission for the magnetic stars listed in the cat-
alog by Bychkov et al. (2003) showed a total of 23 stars de-
tected as X-ray sources identifiable with A-type stars with large
magnetic fields (Schmitt et al. 2005). It appears to be extremely
contrived to attribute the observed X-ray emission in all these
cases to hitherto unseen late-type companions. Rather the exis-
tence of a large scale magnetic field seems to be necessary for
the production of these “unexpected” X-ray emissions. With the
so-called magnetically confined wind-shock model by Babel &
Montmerle (1997) a theoretical framework has been constructed
to explain the observed high energy emissions. In the last decade,
significant progress has been made, for example by Donati et al.
(2002), ud-Doula & Owocki (2002), Gagné et al. (2005) and
Townsend et al. (2007), to describe and simulate the interac-
tions between the line-driven winds and the magnetosphere of
hot stars like o Ori E and ® Ori C. The predictions of the dynam-
ical models used by these authors are in good agreement with the
observations, and therefore motivated us to search for possible
evidence for magnetically confined wind shocks in X-ray emit-
ting A-type stars. Specifically, in this paper we try to test whether
the detection of X-ray emission is directly related to the presence
of a large scale magnetic field, as suggested by the wind-shock
model. Additionally, we check if the measured magnetic field
strengths are correlated to the X-ray luminosity of the star.

We present the observations and the data reduction technique
in Sect. 2. Section 3 is divided into the calculations of the mag-
netic fields, a verification of the magnetically confined wind-
shock model for those stars that have been detected at a 30~ level
and some comments on those stars. We summarize and discuss
our data in Sect. 4.

2. Observations and data reduction

The observations reported in this paper were carried out on
August 28th 2006 with FORS]1 at the VLT Kueyen. This multi-
mode instrument is equipped with polarization analyzing optics
comprising super-achromatic half-wave and quarter-wave phase
retarder plates, and a Wollaston prism with a beam divergence
of 22” in standard resolution mode. Two different grisms were
used, the GRISM 600B and the GRISM 1200B, which cover all
Balmer lines from Hg to the Balmer jump. 12 stars have were
observed with the GRISM 600B and the corresponding spectral
resolution of 2000, and three stars with the GRISM 1200B at a
resolving power of R ~ 4000. GRISM 1200B does not include all
hydrogen lines down to the Balmer jump (~3650 A). The blue
limit of the spectra is 3885 A. Since we had only one observ-
ing night, we decided to observe only the two most promising
targets with GRISM 1200B.
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During the calibration runs in daytime two retarder wave-
plate setups with angles of +45° and —45° were used. The cal-
ibration itself was achieved by combining the science spectra
with the corresponding calibration spectra of the same retarder
waveplate angle. Ordinary and extraordinary beams were inde-
pendently calibrated with the corresponding beams of the ref-
erence spectrum. By examining the differences between the cir-
cular polarizations observed in the red and blue wings of the
hydrogen line profiles it is possible to measure the mean longi-
tudinal field (B.) (Landstreet 1982) by using the formula

V. geged® 1 dI

I 4dmmec? T dA

(B). (1)

In (1) V denotes the Stokes parameter measuring the the circular
polarization, I denotes the intensity in the unpolarized spectrum,
geft 18 the effective Landé factor, e denotes the electron charge, A
the wavelength, m, the electron mass, ¢ the speed of light, d7/dA
is the derivative of Stokes /, and (B.) is the mean longitudinal
field. The V/I values were calculated according to:
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where « is the position angle of the retarder waveplate, which
was rotated by 90° (+45°, —45°, —45°, +45° etc.) for the different
exposures to reduce any cross-talk effect. f© and f© denote the
ordinary and the extraordinary beams, which have been summed
to obtain the Stokes / values. For each star we took three to four
pairs of exposures with two orientations of the retarder wave-
plate, resulting in six to eight exposures for each object. A more
detailed description of this method has been given by Bagnulo
et al. (2002) and Hubrig et al. (2003, 2004a).

3. Results
3.1. Stellar sample and magnetic field detections

The stars in our sample were selected from a list of bright A-type
stars, which can be associated with a X-ray source compiled by
Schroder & Schmitt (2007). Out of 84 stars known as single or
resolved binary stars a subsample of 13 stars (excluding the stan-
dard star HD 201601) was selected taking into account observa-
tional boundary conditions. In Table 1 we provide the basic data
of the observed stars as well as the results of our magnetic field
measurements. The columns in Table 1 give the HD number, the
HR number, the visual magnitude, the spectral type, the X-ray
luminosity, the mean longitudinal magnetic field determined by
all spectral lines, the mean longitudinal magnetic field extracted
from the hydrogen lines given in Table 1, the averaged quadratic
magnetic field whenever available as listed in the Bychkov cat-
alog of stellar effective magnetic fields and in the last column
remarks about the individual stars. The values of the averaged
quadratic magnetic field given in Col. 11 are calculated by

(1IN
<Be>—[n;Bei] : 3)

where Be; is the ith measurement of the effective magnetic field,
and n is the total number of observations for a given star. The
averaged quadratic errors are calculated accordingly.

The low-resolution FORS1 spectropolarimeter is usually
used to measure circular polarization in the wings of strong and
broad spectral lines like Balmer lines or strong He or Ca lines.
One of the reasons for this is that weaker and narrower metal

o=
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Table 1. Basic data and measured magnetic fields for the stars from the GRISM 600 in the upper part of the table and the GRISM 1200 in the
lower part. Stars with a longitudinal magnetic field at a 30~ level are indicated in bold face.

HD Otherid. V  Sp. type Dist log Ly log Ly/Lyoi v sin(i) (B,yall (B.)hydr. (B.)lit.! Rem.
GRISM 600 [pc] [erg/s] [kms™'] [G] [G] [G]
147084 oSco 4.6 A4I/III 361 £99  29.89 -0.91 23 -79+35 -133+46 170 +98
159217 oAra 4.6 A0V 11810 29.66 -2.30 - 67 +52 62 + 54
159312 HR 6539 6.5 A0V 10410 29.96 -2.94 - 128 =73 241 + 80
163336 HR 6681 59 A0V 76 £ 6 29.49 -3.63 60 2 +43 20 + 60
172555 HR 7012 4.8 ASIV-V 29+1 28.85 -4.89 - 27 + 34 31 £56 disk
174240 HR 7085 62 A1V 176 £25 29.30 -3.23 102 113 £ 54 98 + 64
182761 HR 7384 6.3 A0V 123 +11  30.08 -2.69 186 22 +£50 -35+58
186219 HR 7498 5.4  A4lll 42 +1 29.34 -4.42 - 56 +29 58 + 62
201601 vyEqu 47 A9 35+1 <2847 - 10 —1121 +34 -1085 +42 (Sect.3.3) std
215789 eGru 35 A3V 40+ 1 28.00 -4.75 - 29 + 71 37 +85 disk
217186 HR 8738 6.3 AlV 96 + 8 28.95 -4.04 60 97 £ 53 93 + 66
224361 HR 9060 6.0 AlIV 63+2 29.49 -3.89 - -63 + 60 12 + 83
224392 nTuc 50 AlV 49 + 1 29.00 —4.17 187 134 £ 51 89 + 60 disk
GRISM 1200B
147084 oSco 4.6 A4I/III 361 £99  29.89 -0.91 23 48 + 15 -87+36 170 +98
148898 wOph 44 Alp 54+2 29.34 -3.76 60 122 +29 186 + 60 249 + 169
201601 vyEqu 47 A9 351 <2847 - 10 —-1200 =12 -1136 =27 (Sect.3.3) std

! Catalogue of stellar effective magnetic fields (Bychkov et al. 2003).

lines appear unresolved at the low spectral resolution achiev-
able with FORS1 (R ~ 2000—4000) and the magnetic fields de-
termined from all metal lines frequently appear to have lower
strengths when compared to the fields measured using intrinsi-
cally broad hydrogen lines. The accuracy of the magnetic field
measurements depends on the spectral type and the complexity
of the spectra of the studied targets, on their rotational veloc-
ity, but of course also on the strength of the measured magnetic
field. Our experience from a study of a large sample of mag-
netic and non-magnetic Ap and Bp stars and Herbig Ae stars
(Hubrig et al. 2004b, 2006) shows that magnetic fields measured
from Balmer lines only or using also all metal lines are in good
agreement with each other for weak magnetic fields of the or-
der of 300—-400 G and less. For stronger fields the difference
between both field measurements becomes larger than the mea-
surement uncertainties with a tendency for magnetic fields to be
larger when measured from hydrogen lines. The probable expla-
nation for such a behavior is that Eq. (1) applied to metal lines
is only valid in the weak field regime. Since the measured mag-
netic fields in this study are very weak, we present in Table 2
both measurements, using hydrogen lines and all metal lines.

Out of the 13 stars studied (excluding the standard star
HD 201601), 8 show signatures of magnetic fields. The three
stars HD 147084, HD 148898 and HD 159312 have field mea-
surements above the 3¢ level in all or the hydrogen lines, while
previous measurements of B-fields were below the 20 level
for HD 147084 and HD 148898 and the field measurement for
HD 159312 is entirely new. The stars with a longitudinal mag-
netic field at at least a 30 level are indicated in bold face in
Table 1. The stars HD 174240 and HD 224392 are detected
above the B, > 20 level in all lines, the stars HD 186219 and
HD 217186 just below the B, > 20, while the Balmer line
only detections have less significance, therefore follow-up mea-
surements for these objects are highly desirable before any def-
inite conclusions with respect to the presence of larger mag-
netic fields can be drawn. For the rest of our sample stars, i.e.
HD 159217, HD 163336, HD 172555, HD 182761, HD 215789
and HD 224361, we do not claim any magnetic field detections.
Thus in summary, out of 13 observed stars, we have 3 detections,
4 candidates for magnetic field detections and 6 non-detections.
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Fig. 1. Mean longitudinal magnetic field measurements plotted over L
of the associated X-Ray source. Black symbols show the data measured
by all lines, red data the values extracted from the hydrogen lines. For
purposes of clarity, the red data points are shifted to the left by a few
percent.

Figure 1 shows the magnetic field measurements, including
the 1o error bars, plotted over the X-ray luminosity of the asso-
ciated X-ray source. The black symbols represent the values ex-
tracted from all available spectral lines, while the red data points
show the magnetic field calculated from the hydrogen lines. In
order to increase the clarity of the plot, we shifted the hydro-
gen lines measurements by a few percent. As the plot shows,
no sign of a correlation between the X-ray luminosity and the
magnetic field strength has been found. We note that because of
the strong dependence of the longitudinal field on the rotational
aspect, its usefulness to characterize actual field strength distri-
butions is rather limited (Hubrig et al. 2007a). If the magnetic
axis is tilted to the rotation axis, as is often the case, the com-
ponent of the magnetic field parallel to the line of sight changes
with the rotation phase. This can be overcome, at least in part, by
additional observations to sample various rotation phases, hence
various aspects of the field.
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The mean longitudinal magnetic field is the average over
the stellar hemisphere visible at the time of observation of the
component of the magnetic field parallel to the line of sight,
weighted by the local emergent spectral line intensity. It is di-
agnosed from the slope of a linear regression of V/I versus the
quantity —geffA/lz/lZ% % (B;)+Vp/Iy. This procedure is described
in detail by Bagnulo et al. (2002) and Hubrig et al. (2004a). Our
experience with a study of a large sample of magnetic and non-
magnetic Ap and Bp stars revealed that this regression technique
is very robust and that detections with B, > 30, result only for
stars possessing magnetic fields (Hubrig et al. 2006).

3.2. Disk contamination in H,, Hg and Ca Il H and K

In a few cases, namely HD 172555, HD 215789 and HD 224392,
the presence of a circumstellar disk might contaminate the H,,
Hg and Call H and K lines. The contamination also could af-
fect Hy, Hs and the higher Balmer lines, but it is weaker than
in H, and Hg. To test the influence of this line contamination
on the magnetic field measurements we calculated the magnetic
fields in two ways: one calculation was done using all available
spectral lines in the given spectral area, the other method was
using just the hydrogen lines (see Table 1). Comparing the re-
sults for the two different line sets, there is no influence on the
magnetic field measurements. Two disk stars, HD 172555 and
HD 215789, have no magnetic field. HD 224392 shows signs of
magnetic fields at the 20 level. In all these measurements the er-
ror bars are smaller in the calculations using all available spectral
lines. This is no surprise, since the larger number of data points
for the calculation of the magnetic field due to the larger num-
ber of measured spectral lines results in a lower error value. A
systematic difference between the two line sets in respect of the
presence of a disk has not been found.

3.3. Notes on individual stars

— HD 147084: is an A4 giant star associated with an X-ray
source at a distance of 5 arcsec from the optical position
of the star. Observations of this object have been performed
in the PSPC pointing mode, resulting in an X-ray luminos-
ity of 7.9 x 10?° erg/s. The nature of this object is un-
clear. If it is a member of Sco OB2, which has an age of
around 30 Myr and includes some pre-main sequence ob-
jects (Eggen 1998), it might be a laggard Herbig Ae star.
However, Whittet (1988) argues against the presence of an
infra-red excess, which would be expected for a Herbig Ae
star. The Hipparcos and Tycho Catalogues list two entries
with distances of 360 + 100 pc and 200 + 90 pc for
HD 147084. The first measurement would question the as-
sociation of this object with Sco OB2, which lies at a dis-
tance of roughly 150 pc; the second value would support
membership. Admittedly, at such distances, the Hipparcos
data have substantial errors. Another possibility would be
that o Sco is a Ceph type radial pulsator. If this object is
a massive star and member of Sco OB2, it might have left
the main sequence after 30 Myr and became a Cepheid-type
variable. The magnetic field measurements revealed a weak
field of =79 + 35 G in all lines and —133 + 46 G in the hy-
drogen lines in the GRISM 600B observations and —48 +
15 G in all lines and —87 + 36 G in the hydrogen lines in the
GRISM 1200B observations. Distinct Zeeman features are
visible in the Ca II H and K lines (see Fig. 2). Similar fea-
tures have been discovered in the spectra of the Herbig Ae

star HD 31648 (Hubrig et al. 2007b), which is shown in
Fig. 3. In the Catalogue of stellar effective magnetic fields
(Bychkov et al. 2003) HD 147084 is recorded with 170 +
98 G. According to Levato et al. (1987), the radial veloc-
ity variations with an amplitude of 50 kms™' may be due
to intrinsic motions of the atmosphere. We therefore do not
necessarily associate this radial velocity variations with the
presence of a late-type companion.

HD 148898: is a chemical peculiar single star of spectral
type A7p. The X-ray source, which is separated from the op-
tical position of the A-type star by 8 arcsec, possesses an
X-ray luminosity of 1.1 x 10* erg/s. Bychkov et al. (2003)
list this star with a magnetic field of 248.6 + 169.4 G based
on the measurements of Borra & Landstreet (1980). Our cal-
culations resulted in a magnetic field of 122 + 29 G for all
lines and 186 = 60 G for the hydrogen lines, therefore ex-
ceeding the 30 level. The Stokes I and V/I spectra are pre-
sented in Fig. 4. In May 2003 Hubrig et al. observed this star
with the GRISM 600B and found a magnetic field of 221 +
38 G for all lines and 175 + 64 G for the hydrogen lines.
HD 159217: This AOV star has an associated X-ray source
listed in the ROSAT All-Sky Survey catalog. The separation
from the optical position of the star is about 8 arcsec and
the X-ray luminosity is 4.6 x 10%° erg/s. No indicator for the
presence of a hidden companion has been found. The mag-
netic field measurements yield no detection. The Stokes /
and V/I spectra for this star are presented in Fig. 5.

HD 159312: is a single AOV star with a magnetic field of
128 + 73 G measured with all spectral lines and 241 + 80 G
in the hydrogen lines (see Fig. 5). The longitudinal field is a
first detection at a 30 level (see Fig. 1). This star has been
detected in the ROSAT All Sky Survey and in the pointed ob-
servations with the PSPC instrument. While the X-ray source
listed in the RASS catalog has a separation of 5 arcsec from
the optical position of the star, the PSPC pointings have a
larger offset of 20" between the X-ray and optical positions.
The larger offset in the pointing observation is most likely
due to location of the source near the PSPC entrance rib,
while the good agreement between RASS and optical posi-
tion is probably a chance coincidence. No indications for a
hidden late type companion have been found.

HD 163336: is an AQV star associated with an X-ray source
separated by less than 3 arcsec from the optical position
of the star with an X-ray luminosity of 3.1 x 10* erg/s in
the HRI observations. No signs of a hidden companion have
been found. Our measurements showed no significant mag-
netic field, but close inspection shows an increased signal in
the Stokes V/I spectrum at the positions of the Hs and H line
(see Fig. 6). Hence this star might be a possible candidate for
further observations.

HD 172555: has a spectral type of ASIV-V and is one of the
three stars in our sample with a debris disk. The star is only
detected in the ROSAT All-Sky Survey with a separation of
27 arcsec between the optical position and the X-ray source.
With a X-ray luminosity of 7 x 10? erg/s this object is one
of the fainter sources in our sample. A MO dwarf is posi-
tioned at a separation of 71 arcsec. The X-ray emission from
the M-type star and that from the A-type star are elongated
in a way that they form an area of X-ray emission covering
the positions of the two stars. In a Chandra observation from
March 2004, the M dwarf was clearly detected but no X-ray
source was found at the position of the A star. The upper
limit for a thermal spectrum with a temperature of 0.9 keV is
5.7 x 10% erg/s. The non-detection of HD 172555 suggests
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Fig. 2. Stokes V/I spectrum and relative flux of
the A4 giant star HD 147084. The black areas
in the Stokes V spectrum indicate the regions
used for determination of the magnetic fields
from Balmer lines. The data shown have been
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observed with the GRISM 1200B. For compar-
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Fig. 3.
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Fig.3. For comparison with Fig. 2; the
Stokes V/I spectrum and relative flux of the
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Herbig Ae/Be star star HD 31648 observed by
Hubrig et al. (2007b). Strong Zeeman features
can be found in all Balmer and the Call K line.
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Fig. 4. Stokes V/I spectrum and relative flux of
the A7p star HD 148898. The black areas in

4400 4600

Wavelength [A]

4000 4200

that the RASS detection might be an artifact. Radial veloc-
ity measurements revealed no variations. The magnetic field
measurement yielded no detection.

HD 174240: The associated X-ray source of this A1V star
was observed in the PSPC pointing mode. Its luminosity is
2.2 x 10% erg/s. The absence of radial velocity variations

the Stokes V spectrum indicate the regions used
for determination of the magnetic fields from
Balmer lines.

4800

reduces the possibility for a hidden companion. A longitudi-
nal magnetic field was measured at the 20 level.

HD 182761: This AOV star is associated with an X-ray
source listed in the ROSAT All-Sky Survey catalog. The sep-
aration from the optical position of the star is about 25 arcsec
and the X-ray luminosity is 1.2 x 10°° erg/s, making this
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Fig. 5. Stokes V/I spectrum and relative flux of
the AOV star HD 159312. The black areas in
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Fig. 6. Stokes V/I spectrum and relative flux of
the AOV star HD 163336. The black areas in
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source the X-ray brightest in our sample. No indicator for
the presence of a hidden companion has been found. The
magnetic field measurement yielded no detection.

HD 186219: is listed as an A4III star in the SIMBAD cata-
log. The X-ray source is separated from the optical position
of the star by 12 arcsec. Its luminosity is 1.1 x 10%° erg/s
in the RASS catalog. The radial velocity is constant and no
other indicator for a hidden companion has been found. No
magnetic field has been detected in our observations.

HD 215789: is an A3V star with a debris disk. A faint
X-ray source with a luminosity of 1.3 x 10?® erg/s was
detected near the optical position of the star in the PSPC
pointing observations, separated from the star by 8 arcsec.
Further observations of this object have been carried out with
XMM-Newton, showing a moderately active X-ray source
with flaring in one of the three observations. With plasma
temperatures ranging between 2 and 8§ MK in a two tem-
perature model for the less active state and up to 15 million
Kelvin in the observation with the flare, this X-ray emission
is in good agreement with a moderately active late-type com-
panion. The X-ray luminosity varies between 6 x 10?’ and
3 x 10?® erg/s and is therefor consistent with the ROSAT
observations. Our own measurements showed no significant
magnetic field.

the Stokes V spectrum indicate the regions used
for determination of the magnetic fields from
Balmer lines.

4800

HD 217186: this bona fide single star of spectral type A1V is
associated with an X-ray source observed in the PSPC point-
ing mode. The luminosity of the source is 9 x 108 erg/s and
it is separated from the star by 15 arcsec. Our magnetic field
measurements yielded weak signs of a longitudinal field of
97 + 53 Gin all lines and 102 + 70 G using just the hydrogen
lines, thus slightly below the 20 level.

HD 224361: is listed in the SIMBAD database as an
AI11V star according to Houk & Cowley (1975). Other au-
thors mention this star as spectral type A2p, which could
indicate the presence of a magnetic field, but our measure-
ments detected no magnetic field. Close inspection on the
other hand shows a clear feature in the Hy line (see Fig. 7).
The associated X-ray source was detected in the RASS and
has a luminosity of 3.1 x 10% erg/s. Its separation from the
optical position of the star is 15 arcsec. No indicator for the
presence of a hidden companion has been found.

HD 224392: this A1V star is another IR excess star. The
magnetic field measurements revealed a longitudinal field at
a significance level of 2.50 using all lines. The field strengths
in all and just the hydrogen lines are 134 + 51 G and 89 =+
60 G, respectively.Observations done during the RASS de-
tected an X-ray source with a separation of 16 arcsec from
the optical position of the A-type star and luminosity of
1 x 10% erg/s.
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Fig.7. Stokes V/I spectrum and relative flux of
the A11V star HD 224361. The black areas in
the Stokes V spectrum indicate the regions used
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— HD 201601: the strongly magnetic rapidly oscillating
A9p star with a rotation period of approximately 77 yr has
been selected to check that the instrument and data reduc-
tion were functioning properly. The measured values of the
magnetic field using hydrogen lines agree well with the ob-
servations obtained a few years ago with the same instrument
by Hubrig et al. (2004a). The calculated averaged quadratic
magnetic field from the 18 measurements presented in that
paper is 1085 + 56 G.

4. Discussion and summary

In this paper we present measurements of the longitudinal mag-
netic field in A-type stars obtained with the FORS1 instrument at
the VLT Kueyen. The 13 observed A-type stars were taken from
a list of single or resolved binary stars that are associated with
an ROSAT X-ray source (Schroder & Schmitt 2007) in order
to test the hypothesis that X-ray emission in A-type stars might
be related to the presence of magnetic fields. Two of our tar-
gets, HD 147084 and HD 148898, had been previously checked
for magnetic fields, but the results of those observations lead to
somewhat unsatisfactory significance levels of 1.50. With our
measurements we obtained detections above the 30 level for
HD 147084 and HD 148898, thus confirming previous measure-
ments with low significance, and for HD 159312, which is an
entirely new result. Our measurements for four additional stars,
HD 174240, HD 186219, HD 217186 and HD 224392, yielded
detections at a significance level between 2 and 307; we there-
fore consider these stars to be possible magnetic field candi-
dates, which ought to be followed up. In the other six stars in
our sample magnetic fields were not detected by our methods,
although Zeeman features might possibly be present in some
of the Balmer lines, warranting more sensitive observations for
those stars.

With our observations we tested to what extent the magnet-
ically confined stellar wind model (MCWS) proposed by Babel
& Montmerle (1997) can explain the observed X-ray emission of
late B- and A-type stars. Using radiatively driven wind models
and including the effect of magnetic confinement of the wind,
Babel & Montmerle (1997) were able to calculate a physical
model explaining X-ray emission of the chemically peculiar
A-type star IQ Aur. The basic assumption of the model is that the
stellar wind is confined by the magnetic field lines. Due to the
dipole structure of the field, the winds originating from the two

for determination of the magnetic fields from
Balmer lines. The Hg and H; lines show a clear
Zeeman feature.
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different polar regions collide in the magnetic equatorial plane
and produce shocks. In these shocks the kinetic energy of the
wind is dissipated to eventually produce X-ray emission. In their
calculations, Babel & Montmerle (1997) find that the X-ray lu-
minosity L, scales approximatively like the mass loss rate M, the
wind velocity v, and the magnetic field B. The resulting scaling
law for the X-ray luminosity is

0.4

B
Ly =2.6x 1008 (—) 4
<07 T/ ¢ “@
where ¢ is described by
. o €
M Voo
§=\100 ) ®)
10719 Mg/yr) \103 kms

Based on the calculations, § and € can be obtained as ~1 and
1-1.3 respectively. The X-ray observations of IQ Aur can be
understood with a wind velocity of IQ Aur of 500-900 kms~!
and mass loss rates of 4.5 x 107! My/yr. Czesla & Schmitt
(2007) studied magnetic late B- and A-type stars that have been
observed in X-rays with the Chandra telescope and found values
ranging from 860—940 kms~! for v, and 1-4 x 107'" My/yr
for M to account for the observed X-ray emission within the
framework of the MCWS model. We use these values to estimate
the X-ray emission from those of our stars with magnetic fields
measured at a 30 level, noting, however, that the uncertainties on
the wind properties of up to one order of magnitude only allow
a rough estimate of the expected X-ray emission.

The magnetically confined wind shock model predicts an
X-ray luminosity of 5 x 10?° erg/s with values of 900 kms~! for
the wind velocity ve,, 4 X 10~'" M /yr for M and 240 G for B
in the case of HD 159312 (see Fig. 5). Decreasing the mass loss
rate to 1 x 1071 M /yr lowers the predicted X-ray luminosity to
1.3 x 10% erg/s. The observed X-ray luminosity for HD 159312
in the PSPC pointing and the ROSAT All-Sky Survey observa-
tions is 9.1 x 10%° erg/s, hence of the same order of magnitude
as the calculated value.

The magnetic field in HD 148898 is slightly weaker than in
the previous object HD 159312, resulting in a lower calculated
X-ray luminosity. Assessing the values derived by Czesla &
Schmitt (2007) and Babel & Montmerle (1997), the wind shock
model predicts an Ly of 1-4 X 10% erg/s for mass loss rates of
2-4 % 107" M /yr and wind velocities of 500—900 kms~!. The
observed X-ray luminosity is 1 x 10?° erg/s, therefore in good
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accordance with the predicted values for low wind velocities and
mass loss rates.

In the case of HD 147084, which is listed in the SIMBAD
database as a (bright) giant A4 star, the situation is a bit more
complicated (see Sect. 3.3). HD 147084 might be a member of
the group of Herbig Ae/Be stars (Herbig 1960), whose X-ray
emission has been studied by various authors (Hamaguchi et al.
2005; Stelzer et al. 2006b; Zinnecker & Preibisch 1994; Damiani
et al. 1994). Another possible explanation for the high luminos-
ity of this star is that it is an evolved massive star in the Cepheid
phase, whose radial pulsations might be able to explain the varia-
tions in the radial velocity. In both scenarios, the observed X-ray
emission is not unexpected.

In our test for a correlation between the X-ray luminosity
of the associated X-ray source and the measured magnetic field
strength we found no clear dependence between the two values.
The X-ray brightest star, HD 182761, has no detectable mag-
netic field. To reproduce the X-ray luminosity of 1.2 x 103° with
the magnetically confined wind shock model, this star would re-
quire an easily detectable magnetic field of 1.5 kG, assuming the
wind velocity and mass loss rate given in Sect. 3.2. Therefore,
HD 182761 either has unusual values for wind velocity and
mass loss rates, or an explanation for its X-ray emission must
be sought outside the framework of the MCWS theory.

On the other hand, those stars with a detected magnetic field
possess X-ray emission are in agreement with the predicted val-
ues from the MCWS model of Babel and Montmerle. In this
context however, the question arises of why the standard star
HD 201601, a chemically peculiar A9 star with a magnetic field
above 1 kG, was not detected in X-rays. A possible explanation
might be that the early A-type stars, IQ Aur is an AOp star, still
possess a weak wind, which is necessary to produce the X-ray
emission, but the later A-type star lack such a wind. In addition,
the star HD 201601 is rather old and has already spent more than
60% of its life on the main sequence (Hubrig et al. 2000), which
might explain the absence of X-ray activity in this star with a
strong magnetic field.

The results in this paper agree with the conclusions Czesla &
Schmitt (2007) presented in their analysis of A- and B-type stars
with substantial magnetic fields. They too found that the pres-
ence of a (strong) magnetic field is not necessarily accompanied
by a strong X-ray emission. Other parameters like the mass loss
rate and the wind velocity may play an even more important role.

Thus 7 out of 13 studied stars show (weak) signs of
magnetic fields, yet only in three of them these features were
strong enough to be detected at a 30~ level. Even in some of the
undetected 6 stars, e.g. HD 163336 and HD 224361, there were
increased signals in the Stokes V/I spectra near some of the
Balmer lines. Since the Zeeman features can only be explained

C. Schroder et al.: Magnetic fields in A-type stars associated with X-ray emission

by the presence of a magnetic field, more accurate observations
over the rotation periods of the studied stars are needed to con-
firm the existence of those fields.
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