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Abstract. We present new measurements of the mean
magnetic field modulus of a sample of Ap stars with spec-
tral lines resolved into magnetically split components. We
report the discovery of 16 new stars having this property.
This brings the total number of such stars known to 42.
We have performed more than 750 measurements of the
mean field modulus of 40 of these 42 stars, between May
1988 and August 1995. The best of them have an esti-
mated accuracy of 25 − 30 G. The availability of such a
large number of measurements allows us to discuss for the
first time the distribution of the field modulus intensities.
A most intriguing result is the apparent existence of a
sharp cutoff at the low end of this distribution, since no
star with a field modulus (averaged over the rotation pe-
riod) smaller than 2.8 kG has been found in this study.
For more than one third of the studied stars, enough field
determinations well distributed throughout the stellar ro-
tation cycle have been achieved to allow us to characterize
at least to some extent the variations of the field modu-
lus. These variations are often significantly anharmonic,
and it is not unusual for their extrema not to coincide in
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phase with the extrema of the longitudinal field (for the
few stars for which enough data exist about the latter).
This, together with considerations on the distribution of
the relative amplitude of variation of the studied stars,
supports the recently emerging evidence for markedly non-
dipolar geometry and fine structure of the magnetic fields
of most Ap stars. New or improved determinations of the
rotation periods of 9 Ap stars have been achieved from
the analysis of the variations of their mean magnetic field
modulus. Tentative values of the period have been derived
for 5 additional stars, and lower limits have been estab-
lished for 10 stars. The shortest definite rotation period of
an Ap star with magnetically resolved lines is 3.d4, while
those stars that rotate slowest appear to have periods in
excess of 70 or 75 years. As a result of this study, the
number of known Ap stars with rotation periods longer
than 30 days is almost doubled. We briefly rediscuss the
slow-rotation tail of the period distribution of Ap stars.
This study also yielded the discovery of radial velocity
variations in 8 stars. There seems to be a deficiency of
binaries with short orbital periods among Ap stars with
magnetically resolved lines.

Key words: stars: chemically peculiar — stars: magnetic
fields — stars: rotation

1. Introduction

Since the discovery, almost 50 years ago, of a magnetic
field in the Ap star 78 Vir (Babcock 1947), until recently,
the vast majority of the investigations of Ap star mag-
netic fields have been devoted to the determination of their
mean longitudinal magnetic field (see e.g. the reviews of
Mathys 1989 and Landstreet 1992). The latter, to which
one often refers more briefly as the longitudinal field1, is

1 In the past, it was also often called effective field.
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the line-intensity weighted average over the visible stellar
hemisphere of the line-of-sight component of the magnetic
vector. It is diagnosed from the observation of circular
polarization in spectral lines. From studies of this field
moment, and in particular of its variation with stellar ro-
tation, a general picture of the magnetic fields of Ap stars
could be obtained. As a result, it is now well established
that those fields have a large-scale organization, which in
most cases bears some resemblance to a dipole whose axis
is inclined with respect to the stellar rotation axis. The
brightness and abundance inhomogeneities of the stellar
surface appear grossly related to the field geometry. Thus
the study of the latter should prove essential for the under-
standing of the origin of the former, and more generally of
the physical processes at work in the atmospheres not only
of the Ap stars, but also probably of many upper main-
sequence stars. However, the derivation of the magnetic
field geometry cannot be achieved from the consideration
of the mean longitudinal field alone.

One subgroup of the Ap stars lend themselves particu-
larly well to more detailed studies of their magnetic fields:
these are the stars whose spectral lines, when observed
(in unpolarized light) at sufficiently high dispersion, are
resolved into several magnetically split components. In
these stars, one can determine in a straightforward, mostly
approximation-free, model-independent manner, and with
particularly great precision, the mean magnetic field mod-
ulus, or in short the (mean) field modulus. This quantity,
which in previous works was often called the surface field,
is the line-intensity weighted average over the visible stel-
lar hemisphere of the modulus of the magnetic vector.

It had been realized 25 years ago already that by com-
bining the knowledge of the variations of the field mod-
ulus and of the longitudinal field throughout the stellar
rotation cycle, one could derive much better constraints
on the field structure than from the consideration of the
longitudinal field alone. By 1972, this approach had been
applied successfully to 4 stars: HD 65339 (Huchra 1972),
HD 126515 (Preston 1970), HD 137909 (Wolff & Wolff
1970), and HD 215441 (Preston 1969a). Preston (1971a)
had discovered 5 more stars with magnetically resolved
lines (HD 12288, HD 81009, HD 165474, HD 188041, and
HDE 335238). But no attempts had been made to mea-
sure their mean field modulus throughout their rotation
cycle until we started the project reported here.

Renewed interest in the modeling of the geometric
structure of Ap star magnetic fields has arisen in the last
few years, thanks to the technological progress made both
in astronomical instrumentation (in particular, detectors)
and in computers. Accordingly, it has become possible
to collect astronomical data of unprecedented accuracies
(making possible e.g. fine studies of the profiles of po-
larized spectral lines), which can be modeled more real-
istically than ever before. For instance, Landstreet and
his collaborators have carried out refined studies of the
magnetic field geometry of HD 65339 (Landstreet 1988)

and of HD 215441 (Landstreet et al. 1989), by simultane-
ously modeling their unpolarized spectral line profiles and
the variations of their longitudinal field. Mathys (1995a,
b) has analyzed the circularly polarized line profiles of
a sample of Ap stars observed throughout their rota-
tion cycle using the moment technique that he has de-
veloped (Mathys 1988). Leroy et al. (1995) have derived
models of the fields of the stars HD 62140, HD 71866,
and HD 137909, from their observations of broadband lin-
ear polarization along the rotation periods of these stars.
These are but a few examples of the recently published
works in the field.

Still, the very favourable circumstances presented by
the stars with resolved magnetically split lines for the di-
agnosis of the field geometry are far from having been
fully exploited. By the end of the 1980’s, only 4 of the
9 stars of this kind known in the early 1970’s had been
studied in detail. A few additional such stars had been
discovered in isolated studies: HD 200311 (Preston, cited
by Adelman 1974), HD 201601 (a somewhat marginal de-
tection reported by Scholz 1979), and HD 187474 (Didelon
1987). But there had been no systematic study of these
stars, nor attempt to find more of them. Therefore, it
seemed appropriate to undertake a large-scale project of
extensive investigation of the Ap stars with resolved mag-
netically split lines.

This programme has been going on for more than 5
years now. By its very nature, in particular because a sig-
nificant number of the studied stars have periods (much)
longer than the time span during which we have followed
them, it is not completed yet. However, it appears justi-
fied to report the results obtained so far, in view of their
quantity and of their importance. Indeed, 29 new Ap stars
with resolved magnetically split lines have been found, and
more than 750 measurements of the mean magnetic field
modulus of such stars have been performed. The results
presented in this paper correspond to the observations
that have been performed for this programme until end
of August 1995.

Some partial, preliminary reports on this project have
already been given in previous publications. Mathys (1990;
hereafter referred to as Paper I) had discussed the physics
of the formation of the spectral line Fe II λ 6149.2, from
which we diagnose the field modulus. He also had reported
the discovery of magnetically resolved lines in 3 stars:
HD 55719, HD 94660, and HD 116458, and confirmed
Scholz’s (1979) suspicion for the presence of resolved
lines in HD 201601. Mathys & Lanz (1992; Paper II) had
announced the presence of resolved magnetically split
lines in 6 additional stars: HD 2453, HD 9996, HD 18078,
HD 50169, HD 137949, and HD 192678. They had also dis-
cussed the relative magnetic intensification of the Fe II

lines λ 6147.7 and λ 6149.2. The discovery of 4 more stars
with magnetically resolved lines (HD 14437, HD 110066,
HD 116114, and HD 134214) had first been reported by
Mathys et al. (1993; Paper III).
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2. The mean magnetic field modulus

The determinations of the mean magnetic field modulus
presented in this paper rely on the measurement of the
wavelength shift between the magnetically split compo-
nents of the line Fe II λ 6149.2, in high-resolution spectra
recorded in unpolarized light. The line Fe II λ 6149.2 has
a particularly simple Zeeman pattern, consisting of two π
components, one σ+ component and one σ− component.
Each σ component coincides with one of the π compo-
nents. This pattern, as observed in the star HD 94660,
is shown in Fig. 1, together with those of the neigh-
bouring lines Fe II λ 6147.7 (a pseudo-quadruplet) and
Cr II λ 6147.1 (a pseudo-triplet). For comparison, we have
also plotted the spectrum of the A0p SrCr star HD 133792
(Paper I), which has sharp unresolved lines (the line pro-
files recorded in this star are mostly identical to the in-
strumental profile: its projected equatorial velocity must
be significantly lower than 3 km s−1).

A Zeeman doublet like Fe II λ 6149.2 arises from a tran-
sition between two levels having a total angular momen-
tum quantum number J = 1/2, of which one has a Landé
factor equal to zero (that is, this level is unsplit in a mag-
netic field). In such a doublet, the shift (λr −λb) between
the wavelengths of the red and blue components is related
to the mean magnetic field modulus 〈H〉 through the re-
lation:

λr − λb = g∆λZ 〈H〉. (1)

∆λZ = kλ2
0, where λ0 is the nominal wavelength of the

transition (in the absence of a magnetic field, that is,
for the line under consideration, λ0 = 6149.258 Å), and
k = 4.67 10−13 Å−1 G−1. g is the Landé factor of the split
level of the transition (g = 2.70; Sugar & Corliss 1985).
For a Zeeman doublet, Eq. (1) is strictly valid under quite
general conditions. The only approximations underlying it
are that the populations of the magnetic states pertain-
ing to the same atomic level follow Boltzmann’s statistics
and that the Doppler effect due to stellar rotation is neg-
ligible (see Mathys 1989 for details). The high densities
in the photospheres of the Ap stars coupled to the very
small energy differences between the magnetic states guar-
antee the validity of the first assumption. It receives fur-
ther support from the following empirical argument: sig-
nificant departures from this approximation would show
through as spectral line asymmetries, both in unpolarized
light and in circular polarization: such asymmetries are
not observed. On the other hand, in a number of the stars
studied in this paper, Doppler distortions of the split line
components are observed. But this does not question the
validity of the second approximation above: more explic-
itly, the latter states that the rotational Doppler effect is
small compared to the magnetic splitting, which is also
the condition of magnetic resolution of the lines.

Fig. 1. Portion of the spectra of HD 133792 (shifted in in-
tensity by 0.5; unresolved lines) and of HD 94660 containing
the lines Cr II λ 6147.1, Fe II λ 6147.7, and Fe II λ 6149.2, and
Zeeman patterns of those lines. The patterns are represented in
the conventional manner, by bars whose length is proportional
to the relative strength of the components. The π components
appear above the horizontal (wavelength) axis; the σ compo-
nents below it. For the sake of clarity, the wavelengths in the
stellar spectra have been reduced to the laboratory reference
frame

Besides being a Zeeman doublet, Fe II λ 6149.2 is a par-
ticularly good diagnostic line for the determination of the
mean magnetic field modulus because

1. it is sufficiently far in the red to take advantage of
both the maximum sensitivity of CCD detectors and
of the quadratic increase of the Zeeman effect with
wavelength (the first magnetic field modulus deter-
minations were performed using photographic plates,
that is from the observation of the blue part of the
stellar spectra);

2. it is observed in almost all Ap stars (like many Fe II

lines);
3. the distribution of iron over the surface of Ap stars is

usually rather homogeneous, so that the use of a Fe II

line for magnetic field diagnosis allows a fairly uniform
sampling of the stellar surface;
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4. among the red Fe II lines, Fe II λ 6149.2 is the one with
the largest magnetic sensitivity;

5. this line is rather “clean” in most stars: on the red
side, it is free from any strong blend in almost all the
studied stars. On the blue side, it is often blended by
one (or in some stars, possibly two – see e.g. the spec-
trum of HD 93507 shown below in Fig. 3) unidentified
line(s). But in most cases this blend is relatively weak,
and it can be handled adequately in the measurement
procedure (see below).

The main drawback of the use of Fe II λ 6149.2 is that
it is not formed in a regime of pure Zeeman effect, but
rather in a regime of partial Paschen-Back effect. Indeed,
the lower level of the transition responsible for it and the
lower level of the transition from which Fe II λ 6147.7 orig-
inates belong to the same spectroscopic term, and their
separation is not much larger than the magnetic splitting
induced by fields of kilogauss order. The magnetic field
induces a mixing of the lower levels of the two considered
transitions, and as a result a distortion of the profiles of
the split lines Fe II λ 6147.7 and Fe II λ 6149.2. These lines
become asymmetric, the former with the red split com-
ponents deeper than their blue counterparts, while the
red component of Fe II λ 6149.2 is less deep, but broader
than the blue one. This can be seen in Fig. 1 as well as
in many of the plots of the spectral region of interest il-
lustrating this paper. A detailed study of the physics of
the formation of the lines Fe II λ 6147.7 and Fe II λ 6149.2
has been presented in Paper I. The most relevant result,
within the present framework, is that for fields up to a few
tens kG, Eq. (1) keeps giving an excellent approximation
of the wavelength separation of the split components of the
doublet Fe II λ 6149.2 (see also Sect. 6), even though their
intensities may become very different in strong enough
magnetic fields.

In Eq. (1), λr and λb are the wavelengths of the cen-
tres of gravity of the split components of Fe II λ 6149.2.
In practice, these wavelengths were determined either by
direct integration of the whole component profiles or by
fitting a gaussian simultaneously to each of them (see
Paper II for details). The latter method was preferred for
lines that are not fully split, in which the magnetic com-
ponents are (almost) symmetric. The direct integration
works better when the splitting is large and the split com-
ponents are distorted (e.g. by rotational Doppler effect).
Of course, all the intermediate situations between the two
extreme “ideal cases” described above are encountered in
practice, and some compromise must be adopted. With
the experience of the several hundreds of measurements
reported here, most of which were repeated several times,
we believe that we have developed the ability to choose
the “best” measurement method, which has allowed us
to obtain a homogeneous set of accurate data. In sup-
port of this, it may also be mentioned that, in a num-
ber of cases when both measurement techniques appeared
equally suited, the results given by both of them were

quite consistent. Finally, the gaussian measurement tech-
nique proved very handy to remove the contribution of the
blue blend to Fe II λ 6149.2: whenever possible, a multiple
fit of three of four gaussians was performed: one for each
of the split components of Fe II λ 6149.2, and one or two
to account for the blending line(s).

It is not straightforward to estimate the measurement
uncertainties. This, in fact, is best done calling to a pos-
teriori arguments. The discussion of this point is therefore
postponed to Sect. 6.

3. Observations and reductions

Observations for this programme have been carried out
at four observatories using various combinations of tele-
scopes, spectrographs and detectors. Table 1 gives an
overview of the observing runs partly or entirely devoted
to this project (totalling 222 nights). The columns in this
table are, in order:

- the dates of the beginning and of the end of the run
(the format is day/month/year);

- an identification number by which we refer further in
this paper to the instrumental configuration used (con-
figurations that are practically equivalent are given the
same identification);

- a brief description of the configuration, that is, the
observatory where the observations were conducted,
and the telescope, the instrument, and the detector
that were used;

- the initials of the observer(s) (all the authors per-
formed some of the observations).

The various instrumental configurations (and the abbre-
viations used in Table 1 to refer to them) are described
more in detail hereafter.

At the end of this section, we also give some informa-
tion about the reduction procedures.

The largest fraction of the spectra were taken at the
European Southern Observatory, using the Coudé Echelle
Spectrograph (CES). A description of this instrument has
been given by Lindgren & Gilliotte (1989; see also the up-
date by Mathys 1994a). We used its long camera (LC)
in most runs, with as detectors a Reticon or one of the
following CCDs (referred to by their internal ESO num-
ber): RCA #9, Ford #24, Ford #30, Loral #34, and Loral
#38. All these detectors have a pixel size of 15 µm (for the
Reticon, this is the size in the dispersion direction, while
the CCDs have square pixels). For a few runs, the obser-
vations were performed with the short camera (SC) of the
CES, always in combination with CCD RCA #9.

In general, light was fed into the CES through the
3-mirror coudé train of the Coudé Auxiliary Telescope
(CAT). The corresponding instrumental configurations in
Table 1 are denoted CES LC or CES SC. In those con-
figurations, the width of the spectrograph entrance slit
was adjusted to achieve a resolving power of 105 (with the
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Table 1. Observing runs and instrumental configurations

Dates Id. Site Telescope Instrument Detector Observers

30.04–06.05.1988 1 ESO CAT CES LC Reticon GM
20.04–26.04.1989 1 ESO CAT CES LC CCD RCA #9 GM
25.03–30.03.1990 1 ESO CAT CES LC CCD RCA #9 GM
01.10–08.10.1990 7 OHP 152 AURELIE Barrette Th GM
01.03–11.03.1991 1 ESO CAT CES LC CCD RCA #9 TL
08.08–16.08.1991 7 OHP 152 AURELIE Barrette Th GM, JDL, JM
20.11–26.11.1991 7 OHP 152 AURELIE Barrette Th JDL
08.01–16.01.1992 7 OHP 152 AURELIE Barrette Th JDL
19.04–20.04.1992 2 ESO CAT CES SC CCD RCA #9 GM
14.06–19.06.1992 1 ESO CAT CES LC CCD RCA #9 GM
06.08–08.08.1992 1 ESO CAT CES LC CCD FA #24 GM
14.10–16.10.1992 1 ESO CAT CES LC CCD FA #30 GM
16.10–19.10.1992 4 ESO CAT CES LC/F200 CCD FA #30 GM
19.10–21.10.1992 5 ESO CAT CES SC/F50 CCD RCA #9 GM
21.10–22.10.1992 5 ESO CAT CES SC/F135 CCD RCA #9 GM
28.10–06.11.1992 7 OHP 152 AURELIE Barrette Th JM
06.11–07.11.1992 2 ESO CAT CES SC CCD RCA #9 GM
06.12–08.12.1992 1 ESO CAT CES LC CCD FA #30 GM
02.01–04.01.1993 1 ESO CAT CES LC CCD FA #30 GM
29.01–31.01.1993 1 ESO CAT CES LC CCD FA #30 GM
31.03–02.04.1993 1 ESO CAT CES LC CCD FA #30 GM
22.04–24.04.1993 1 ESO CAT CES LC CCD FA #30 GM
30.04–07.05.1993 7 OHP 152 AURELIE Barrette Th GM, SH
21.05–23.05.1993 1 ESO CAT CES LC CCD FA #30 GM
05.06–06.06.1993 6 ESO 3.6 CES LC/F200 CCD FA #30 GM
18.06–25.06.1993 9 KPNO Coudé feed Coudé spectro CCD TI #5 TL
21.06–23.06.1993 1 ESO CAT CES LC CCD FA #30 GM
21.06–28.06.1993 7 OHP 152 AURELIE Barrette Th JM
10.08–11.08.1993 2 ESO CAT CES SC CCD RCA #9 GM
11.08–16.08.1993 1 ESO CAT CES LC CCD FA #30 GM
21.09–28.09.1993 9 KPNO Coudé feed Coudé spectro CCD TI #5 TL
20.10–26.10.1993 7 OHP 152 AURELIE Barrette Th JM
03.11–10.11.1993 2 ESO CAT CES SC CCD RCA #9 GM
04.12–05.12.1993 2 ESO CAT CES SC CCD RCA #9 GM
13.02–15.02.1994 1 ESO CAT CES LC CCD FA #30 GM
17.02–26.02.1994 7 OHP 152 AURELIE Barrette Th JDL
06.03–08.03.1994 1 ESO CAT CES LC CCD FA #30 GM
24.03–26.03.1994 2 ESO CAT CES SC CCD RCA #9 GM
13.04–15.04.1994 1 ESO CAT CES LC CCD FA #30 GM
21.05–23.05.1994 1 ESO CAT CES LC CCD FA #30 GM
11.06–12.06.1994 6 ESO 3.6 CES LC/F200 CCD FA #30 GM
27.06–02.07.1994 1 ESO CAT CES LC CCD FA #30 GM
15.07–20.07.1994 8 OHP 193 ELODIE CCD Tek JM
24.07–27.07.1994 7 OHP 152 AURELIE Barrette Th JM
10.08–17.08.1994 7 OHP 152 AURELIE Barrette Th JM
04.09–12.09.1994 7 OHP 152 AURELIE Barrette Th GM, SH
08.12–14.12.1994 9 KPNO Coudé feed Coudé spectro CCD TI #5 TL
22.12–24.12.1994 1 ESO CAT CES LC CCD Loral #34 GM
11.01–14.01.1995 10 CFHT CFHT F/4 spectro CCD Loral #3 JDL
03.02–05.02.1995 1 ESO CAT CES LC CCD Loral #34 GM
12.02–14.02.1995 11 ESO NTT EMMI + R4 grt. CCD Tek #36 GM
16.03–17.03.1995 1 ESO CAT CES LC CCD Loral #34 GM
23.03–25.03.1995 1 ESO CAT CES LC CCD Loral #34 GM
20.04–22.04.1995 1 ESO CAT CES LC CCD Loral #34 GM, SH
15.05–17.05.1995 1 ESO CAT CES LC CCD Loral #34 GM
12.06–14.06.1995 1 ESO CAT CES LC CCD Loral #34 GM
09.07–11.07.1995 1 ESO CAT CES LC CCD Loral #34 GM, SH
17.08–20.08.1995 3 ESO CAT CES LC CCD Loral #38 GM
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Table 2. Ap stars with resolved magnetically split lines

HD/HDE Other id. V Sp. type Period Ref. HJD0 Phase origin Ref.

965 BD −0◦21 8.624 A8p Sr � 2 y
2453 BD +31◦59 6.893 A1p SrEuCr 521 d 2442288.000 〈Hz〉 min. 1
9996 HR 465 6.376 B9p CrEuSi 21: y 2

12288 BD +68◦144 7.750 A2p CrSi 34.d79 2448484.200 〈H〉 min.
14437 BD +42◦502 7.261 B9p CrEuSi
18078 BD +55◦726 8.265 A0p SrCr
29578 CPD −54◦685 8.495 A5p SrEuCr > 2 y?
47103 BD +20◦1508 9.148 Ap SrEu
50169 BD −1◦1414 8.994 A3p SrCrEu � 4 y
55719 HR 2727 5.302 A3p SrCrEu 847 d or 775 d?
59435 BD −8◦1937 7.972 A4p SrCrSi >∼ 1000 d
61468 CoD −27◦4341 9.839 A3p EuCr > 120 d?

65339 53 Cam 6.032 A3p SrEuCr 8.d0267 3 2435855.652 positive crossover 3

70331 CoD −47◦3803 8.898 B8p Si 3.d03 or 3.d65?
75445 CoD −38◦4907 7.142 A3p SrEu < 450 d?

81009 HR 3724 7.200 A3p CrSrSi 33.d96 4 2444486.000 〈H〉 min.
93507 CPD −67◦1494 8.448 A0p SiCr 556 d 2449800.000 〈H〉 min.
94660 HR 4263 6.112 A0p EuCrSi >∼ 2700 d

110066 HR 4816 6.410 A1p SrCrEu 4900: d 5
116114 BD −17◦3829 7.026 F0p SrCrEu � 3 y

116458 HR 5049 5.672 A0p SiEuCr 147.d9 6 2447600.000 arbitrary 6
119027 CoD −28◦10204 10.027 A3p SrEu

126515 BD +1◦2927 7.094 A2p CrSr 129.d95 2437015.000 〈H〉 max. 7

134214 BD −13◦4081 7.467 F2p SrEuCr 4.d1456?
137909 β CrB 3.900 A9p SrEuCr 18.d4868 8 2434204.700 〈Hz〉 pos. extr. 8
137949 33 Lib 6.659 F0p SrEuCr >∼ 75 y?

142070 BD −0◦3026 7.966 A0p SrCrEu 3.d3748 2449872.600 〈H〉 min.

144897 CoD −40◦10236 8.600 B8p EuCr 48.d43 2449133.700 〈H〉 min.
150562 CoD −48◦11127 9.848 A5p EuSi? > 1 y
318107 CoD −32◦13074 9.355 B8p

165474 HR 6758B 7.449 A7p SrCrEu 2.d54065?
166473 CoD −37◦12303 7.953 A5p SrEuCr � 3.2 y
177765 CoD −26◦13816 9.155 A5p SrEuCr � 2 y?
187474 HR 7552 5.321 A0p EuCrSi 2345 d 9 2446766.000 〈Hz〉 pos. extr. 10

188041 HR 7575 5.634 A6p SrCrEu 223.d9 6 2432323.000 〈Hz〉 min. 11

192678 BD +53◦2368 7.362 A2p Cr 6.d4186 12 2449113.240 〈H〉 max. 13

335238 BD +29◦4202 9.242 A1p CrEu 44.d0?
200311 BD +43◦3786 7.708 B9p SiCrHg 51.d75 2449000.000 arbitrary
201601 γ Equ 4.700 A9p SrEu >∼ 70 y 14

208217 CPD −62◦6281 7.196 A0p SrEuCr 8.d44475 15 2447000.000 arbitrary

215441 BD +54◦2846 8.851 B9p Si 9.d487574 16 2448733.714 max. brightness in B 16
216018 BD −12◦6357 7.623 A7p SrCrEu � 3 y

References : 1: Wolff (1975); 2: Rice (1988); 3: Borra & Landstreet (1977); 4: Waelkens (1985); 5: Adelman (1981); 6: Hensberge
(1993); 7: Preston (1970); 8: Kurtz (1989); 9: Mathys (1991); 10: Landstreet (unpublished; cited by Mathys 1991); 11: Wolff
(1969); 12: Leroy (1995b); 13: Wade et al. (1996a); 14: Leroy et al. (1994); 15: Manfroid & Mathys (1996); 16: North & Adelman
(1995).
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Table 2. continued

HD/HDE b− y 〈H〉av q 〈Hz〉min 〈Hz〉max Discovery Ref. Remarks Ref.
(kG) (kG) (kG) obs. date

965 4.4 ≥ 1.05 November 10, 1993
2453 0.010 3.7 1.04 −1.0 −0.4 October 1, 1990 2
9996 −0.055 4.4 ≥ 1.30 −1.2 +0.3 October 7, 1990 2 SB 13

12288 0.034 8.0 1.13 −1 .2 −0 .2 before 1971 4 SB
14437 7.5 1.15 −2 .3 −0 .4 August 13, 1991 3
18078 0.087 3.7 ≥ 1.40 October 2, 1990 2
29578 0.173 2.8 ≥ 1.05 November 7, 1993 SB
47103 17.5 ≥ 1.00 April 8, 1995 5
50169 −0.024 4.7 ≥ 1.15 +0 .7 +2 .1 March 8, 1991 2 SB
55719 0.003 6.5 1.04 +1.0: +2.0: May 3, 1988 1 SB2 14
59435 0.285 3.1 ≥ 1.80 October 15, 1992 SB2 15
61468 −0.013 7.2 ≥ 1.15 December 24, 1994 SB
65339 0.057 12.7 1.92 −5.4 +4.2 October 17, 1967 6 SB 16
70331 12.4 1.08 −2 .8 −2 .8 October 21, 1992
75445 0.165 3.0 ≥ 1.00 April 15, 1994
81009 0.094 8.4 1.23 +0.6 +2.0 before 1971 4 Binary 1
93507 7.2 1.09 +1 .6 +2 .6 December 8, 1992
94660 −0.081 6.2 ≥ 1.05 −2 .0 −2 .0 May 2, 1988 1 SB

110066 0.008 4.1 ≥ 1.00 0.0 0.0 January 14, 1992 3
116114 0.174 6.0 ≥ 1.00 −1 .9 −1 .9 April 20, 1992 3 SB
116458 −0.030 4.7 1.00 −2.4 −1.4 May 1, 1988 1 SB 17
119027 0.257 3.1 ≥ 1.00 June 7, 1993 roAp 18
126515 −0.052 12.7 1.68 −2.3 +2.0 February 15, 1957 7
134214 0.216 3.1 1.04 0.0 0.0 April 20, 1992 3 roAp 19
137909 0.141 5.5 1.08 −1.0 +0.8 April 23, 1966 8 SB 20
137949 0.196 4.7 ≥ 1.00 +1 .0 +1 .8 March 7, 1991 2 roAp 21
142070 0.084 5.0 1.10 March 26, 1994 SB
144897 0.166 9.0 1.13 +2 .0 +2 .0 January 30, 1993
150562 0.301 4.9 ≥ 1.02 March 25, 1994 roAp 22
318107 0.015 14.3 ≥ 1.15 +2 .0 +2 .0 August 7, 1992
165474 0.167 6.5 1.05 0.0 +0 .9 : before 1971 4
166473 0.208 7.4 ≥ 1.30 June 15, 1992 roAp 23
177765 0.248 3.4 ≥ 1.00 August 14, 1993
187474 −0.063 5.0 ≥ 1.20 −1.8 +1.8 October 1986 9 SB 24
188041 0.051 3.7 1.02 +0.4 +1.0 before 1971 4
192678 0.263 4.7 1.05 +1.3 +1.5 October 1, 1990 2
335238 −0.005 9.7 ≥ 1.45 −1 .3 −1 .3 before 1971 4
200311 −0.044 8.7 ≥ 1.25 −2.5 +2.5 before 1973 10
201601 0.147 3.8 ≥ 1.05 −1 .0 +0 .6 August 16, 1971 11 roAp 25
208217 0.102 7.8 1.25: August 14, 1993 SB
215441 0.054 33.5 1.10 +10.9 +20.5 October 24, 1959 12
216018 0.165 5.6 ≥ 1.00 +1 .3 +1 .3 June 18, 1992 SB

References : 1: Mathys (1990); 2: Mathys & Lanz (1992); 3: Mathys et al. (1993); 4: Preston (1971a); 5: Babel et al. (1995);
6: Preston (1969b); 7: Preston (1970); 8: Preston (1969c); 9: Didelon (1987); 10: Adelman (1974); 11: Scholz (1979); 12: Babcock
(1960); 13: Preston & Wolff (1970); 14: Bonsack (1976); 15: North (1994); 16: Scholz & Lehmann (1988); 17: Dworetsky (1982);
18: Martinez et al. (1993); 19: Kreidl (1985); 20: Neubauer (1944); 21: Kurtz (1991); 22: Martinez & Kurtz (1994); 23: Kurtz &
Martinez (1987); 24: Leeman (1964); 25: Kurtz (1983).
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Table 3. Mean magnetic field modulus: number of measurements, average value, standard deviation, rms deviation from a
mathematical fit, estimated uncertainty (see text)

Average Standard rms about Estimated
HD/HDE n 〈H〉 deviation best fit uncertainty

(G) (G) (G) (G)

965 6 4386 91 30
2453 9 3737 60 22
9996 11 4831 389 30

12288 20 7879 345 122
14437 17 7665 401 200
18078 5 3835 412 30
29578 9 2782 59 40
50169 13 4790 199 29
55719 29 6501 114 60
59435 19 3234 650
61468 4 7321 546 30
65339 16 12840 3550 919
70331 31 12312 470 300
75445 9 2985 42 30
81009 39 8401 650 117
93507 28 7164 243 109
94660 17 6175 124 30

110066 4 4095 50 30
116114 18 5953 36 25
116458 15 4676 30 30
119027 12 3163 162 100
126515 20 12322 2404 120
134214 26 3091 66 40
137909 32 5499 170 43
137949 13 4676 23 23
142070 22 4923 176 56
144897 26 9014 434 172
150562 7 4887 77 37
318107 32 14307 1065 300
165474 23 6523 139 25
166473 23 7649 731 81
177765 6 3413 19 19
187474 28 5317 370 25
188041 15 3663 37 28
192678 34 4668 110 79
335238 16 8706 1119 300
200311 28 8568 649 300:
201601 21 3846 59 35
208217 31 7958 588 350
216018 18 5643 81 40

LC, except with CCD #38), or of ∼ 7 104 (with the SC).
With CCD #38, the resolution is limited to approximately
3 pixels due to charge diffusion within the chip itself, so
that when this CCD was used with the LC, the resolving
power was only ∼ 7 104.

In October 1992, some observations were performed
replacing the coudé train of the CAT by an optical fibre
linking its prime focus to the CES. Various fibres were
used: two of 200 µm of diameter (corresponding to 9.′′0 on
the sky), respectively blue and red optimized (with similar

response at the wavelength of our observations, 6150 Å),
one of 135 µm of diameter, and one of 50 µm of diameter.
The 200 µm fibres were used in combination with the long
camera of the CES, and their output was fed into the spec-
trograph through a Bowen-Walraven image slicer giving
11 slices. This configuration is denoted “CES LC/F200”
in Table 1. The other two fibres were used together with
the short camera of the CES. The light coming out of the
50 µm fibre was fed directly into the spectrograph, while
that emerging from the 135 µm fibre first passed through a
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4-slice Bowen-Walraven image slicer. These combinations
are labeled “CES SC/F50” and “CES SC/F135”, respec-
tively. The resolving power achieved when using the fibres
is determined by the associated image slicer (or by the
fibre itself in the case of the 50 µm fibre). They are of the
order of 115 000 for the configuration CES LC/F200, and
of approximately 75 000 for the other two configurations.

On two nights, light was fed to the CES from the
Cassegrain focus of the 3.6 m telescope through a 200 µm
optical fibre and an 11-slice image slicer. A description
of this configuration has been given by D’Odorico et al.
(1989). The resolving power obtained using it is approxi-
mately 115 000.

A few spectra were also taken at ESO using the
3.5 m New Technology Telescope (NTT) and the ESO
Multi-Mode Instrument (EMMI; Zijlstra et al. 1996), with
the R4 echelle grating #14. This grating is described
by Dekker et al. (1994). We used it in the standard
EMMI configuration, with the f/5.2 camera and the CCD
Tektronix #36 (2048× 2048 pixels of 24× 24 µm2). With
the entrance slit width set to 0.′′8, this configuration yields
a resolving power of ∼ 80 000 over a broad wavelength
range (more than 2000 Å). The wavelength coverage is
determined by the grism which is used as cross-disperser.
The spectra discussed in this paper were taken with grisms
#4, #5, and #6. The ranges covered by these grisms all
encompass the region around 6150 Å, and for the purpose
of diagnosing the mean magnetic field modulus from the
splitting of the line Fe II λ 6149.2, they all are equivalent.
Therefore, in Table 1, we do not distinguish between them.

At the Observatoire de Haute-Provence (OHP), we
mostly observed for this programme with the 1.52 m tele-
scope (152) and the AURELIE spectrograph (Gillet et al.
1994). The detector was a Thomson double linear array
(“barrette”), which has a pixel size of 13× 750 µm2. We
used the 1200 grooves mm−1 grating #5 in the second
order to obtain a resolving power of ∼ 7 104.

A few additional spectra were recorded at OHP with
the 1.93 m telescope (193) and the cross-dispersed echelle
spectrograph ELODIE (Baranne et al. 1996). With the
fixed configuration of this instrument, and its CCD
Tektronix (1024 × 1024 pixels of 24 × 24 µm2) one gets
a resolving power of 45 000.

At Kitt Peak National Observatory (KPNO), we ob-
served with the 0.9 m coudé feed telescope and the
coudé spectrograph (Willmarth 1996). We used the
cross-dispersing grism No. 770 and the echelle grating
(31.6 grooves mm−1) with Camera 5 (f/3.6). With a slit
width of 0.3 mm, we achieved a resolving power of 1.1 105

using the CCD TI #5 (15× 15 µm2 pixels).

Finally, a few spectra were recorded with the Canada-
France-Hawaii Telescope (CFHT) at Mauna Kea, and the
f/4 coudé spectrograph (GECKO; Glaspey 1993). The ap-
propriate order of the mosaic of four 316 grooves mm−1

echelle gratings was selected using an interference filter.

The detector was the CCD Loral #3: with its pixel size of
15 µm, a resolving power of 1.2 105 was obtained.

The reductions were carried out using the image pro-
cessing packages MIDAS (for the ESO and OHP data) and
IRAF (KPNO and CFHT). The applied procedures were
mostly standard, involving the following steps: electronic
bias and scattered light subtraction, division by the spec-
trum of a white lamp for flat fielding, spectrum extraction
(for two-dimensional detectors only), normalization to the
continuum (fitting a suitable function through the high-
est points), wavelength calibration. For the latter, when-
ever possible (see below) the standard MIDAS option of
rebinning the spectra to a constant wavelength step was
not used. Instead each pixel was assigned a wavelength,
which was found slightly but significantly more accurate.
This is important, because the determination of the mean
magnetic field modulus relies on measurements of small
wavelength differences.

When appropriate, a median filter was applied to re-
move cosmic ray hits. Care was taken not to introduce
any degradation of the line profiles when performing this
operation. A few spectra, in which the diagnostic line
Fe II λ 6149.2 was badly affected by cosmic events, have
been discarded from this study. It cannot be ruled out,
though, that in a small number of cases, cosmic ray hits
in this line may have remained unnoticed: this may plausi-
bly explain a few outlying measurements of the magnetic
field modulus.

The reductions of the spectra obtained with some in-
strumental configurations deserve some additional, more
specific comments.

In the few spectra taken using as detector a RETICON
with the ESO CES, the contribution of the RETICON
dark current had to be subtracted. As described by
Mathys & Solanki (1989), this was done through linear in-
terpolation between the masked pixels at both ends of the
array. With such a one-dimensional detector, though, the
contributions of scattered or parasitic background light
cannot be identified, thus they cannot be properly re-
moved. However, the resulting error should be less than
0.5% of the continuum level.

Qualitatively similar but potentially more serious lim-
itations affect the reduction of data recorded at OHP
with AURELIE. Again, the one-dimensional format of the
detector does not provide any information on the scat-
tered light within the spectrograph. However, comparison
of AURELIE spectra of the bright Ap star HD 137909
with quasi-simultaneous observations of this star per-
formed with the KPNO cross-dispersed echelle spectro-
graph (where background contribution can in principle be
accurately removed) makes us feel confident that the con-
tribution of scattered light to our AURELIE spectra is
mostly negligible. Of more concern is the high dark current
of the Thomson “barrette”, which was unstable. Errors in
its subtraction may reach 1 to 2% of the continuum level in
long exposures of faint stars. This uncertainty, of course,
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Fig. 2. Same spectral region as in Fig. 1, as observed in the stars identified next to each tracing. For the sake of clarity, the
wavelengths have been reduced to the laboratory reference frame
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Fig. 3. Same spectral region as in Fig. 1, as observed in the stars identified next to each tracing. For the sake of clarity, the
wavelengths have been reduced to the laboratory reference frame
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Fig. 4. Same spectral region as in Fig. 1, as observed in the stars identified next to each tracing. For the sake of clarity, the
wavelengths have been reduced to the laboratory reference frame
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would affect equivalent width determinations. But it has
essentially no impact on the determination of the mean
magnetic field modulus.

In spectra recorded at ESO with the CES fed from the
3.6 m telescope or from the CAT though an optical fibre
and an image slicer, the projected image of the slit on
the detector within each slice is not quite perpendicular
to the dispersion direction and shows some curvature. As
a result, techniques developed to process long-slit spectra
of extended sources must be used for the reduction. In
short, the wavelength calibration is carried out individu-
ally for each row of the spectrum, and the extraction is
performed only after each row has been rebinned to a con-
stant wavelength step. Rebinning was achieved through
cubic spline interpolation; the wavelength step was cho-
sen small enough to keep the line profile degradation to a
minimum.

In the CFHT spectra, the dispersion direction is along
the CCD rows, and offsets of a number of columns had to
be manually corrected before proceeding to the rest of the
reduction, which is standard.

Not surprisingly, given the large number of spectra ob-
tained with many different combinations of telescopes and
instruments, the quality finally achieved after reduction is
uneven. The vast majority of the spectra, including vir-
tually all those recorded with the ESO CES and a large
fraction of those obtained at OHP with AURELIE, have
signal-to-noise (S/N) ratios between 70 and 200. Typically,
the ratio is higher for brighter stars, although there are
deviations from this trend. Spectra recorded with smaller
telescopes also tend to be noisier. For the faintest stars
(V = 7.7) that could be observed with the 0.9 m Coudé
feed at KPNO, the S/N ratio in the continuum at 6149 Å
was limited to about 50. This results not only from the
small size of the telescope, but also from the low instru-
mental efficiency due to the fact that the line of inter-
est, Fe II λ 6149.2, is far from the blaze in the two orders
where it can be observed (91 and 92). At ESO, with the
1.4 m CAT and the long camera of the CES, on the best
nights, S/N = 80 was achieved in 2 hours of exposure on
HD 119027, the faintest (V = 10.0) star with resolved lines
presently known. The 1.5 m telescope feeding AURELIE
at OHP has about the same size of the ESO CAT, but
the AURELIE magnitude limit is about one magnitude
lower than for the CAT + CES, due to the less good sky
transparency of OHP compared to ESO and to the high
readout noise of the Thomson “barrette”.

4. Results

The purpose of our study was twofold. On the one hand,
we observed repeatedly stars already known to have re-
solved magnetically split lines, to study the variation of
their mean field modulus through their rotation cycle.
On the other hand, we pursued a systematic search for
additional Ap stars with magnetically resolved lines. We

started by taking spectra of stars which for some reason we
suspected to have resolved lines. But as time passed and
as we obtained data for an increasing number of stars, we
progressively widened the search, which should soon be
complete for a magnitude limited sample.

We report here the discovery of 16 new stars with
resolved magnetically split lines: HD 965, HD 29578,
HD 59435, HD 61468, HD 70331, HD 75445, HD 93507,
HD 119027, HD 142070, HD 144897, HD 150562,
HDE 318107, HD 166473, HD 177765, HD 208217, and
HD 216018. With the 13 stars in which the detection of
magnetically resolved lines had been reported in Papers I
to III, a total of 29 stars having that property have been
found within the framework of the project described in
this paper. Thus our work raised to 41 the number of Ap
stars with resolved magnetically split lines known. Even
more recently, a 42nd star of this type, HD 47103, was
discovered by Babel et al. (1995).

Table 2 summarizes some properties of the 42 stars
with resolved magnetically split lines known to this date.
On the left page, the first four columns contain the
HD/HDE number, another identification, the V magni-
tude, and the spectral type, as it appears in the catalogue
of Renson et al. (1991). The next two columns give in-
formation about the stellar rotation period and the cor-
responding reference. When the latter is not given, the
period information in Col. 5 comes from the present pa-
per. The heliocentric Julian date taken as origin for the
computation of the rotation phases, the particular prop-
erty (e.g. a magnetic extremum) characterizing the phase
origin, and the relevant reference, appear in Cols. 7 to 9.
Again, the absence of a reference in Col. 9 means that the
corresponding information is given in the present paper.
Table 2 continues on the opposite page, where in the first
column the HD/HDE number of the star is repeated, for
the sake of clarity. In Col. 2, we give the Strömgren pho-
tometric index (b−y), retrieved (whenever available) from
Renson et al. (1991) or from Martinez (1993). Columns 3
and 4 of the right page give respectively the average 〈H〉av

and the ratio q = 〈H〉max/〈H〉min of the observed max-
imum and minimum values of the mean magnetic field
modulus. 〈H〉av is not the arithmetical average of all our
measurements of the field modulus of the considered star,
but rather an estimate of the mean value of 〈H〉 over the
rotation cycle. When the star has been repeatedly ob-
served throughout this cycle, 〈H〉av characterizes well its
actual mean field strength, while 〈H〉max/〈H〉min is rep-
resentative of the amplitude of its variations. When the
phase coverage achieved so far is incomplete, these quan-
tities only give a preliminary indication; the correspond-
ing entries appear in italics (〈H〉av) or as a lower limit
(〈H〉max/〈H〉min) in Table 2. The use of italics has the
same meaning for the minimum (〈Hz〉min) and the maxi-
mum (〈Hz〉max) of the mean longitudinal magnetic field,
which are found in Cols. 5 and 6. The references from
which the longitudinal field information has been retrieved
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Table 4. Mean magnetic field modulus

HJD Phase hHi Id.

(2440000+) (G)

HD 965

9301.597 4524 2

9534.896� 4453 1

9535.879 4404 1

9881.918 4295 1

9908.843 4297 1

9947.836 4346 3

HD 2453

8166.502 0.283 3666 7

8483.587 0.892 3836 7

8582.409 0.081 3752 7

8636.242 0.185 3721 7

9163.958 0.198 3681 9

9253.802 0.370 3693 9

9405.279 0.661 3733 7

9581.507 0.999 3828 7

9696.601� 0.220 3723 9

HD 9996

8172.391 3832 7

8480.603 4367 7

8929.435� 4987 7

9157.961 5065 9

9159.951 5128 9

9161.957 4912 9

9255.820 4977 9

9403.310 5078 7

9575.656 4977 7

9695.664 4973 9

9729.789 4849 10

HD 12288

8170.444 0.981 7584 7

8479.596 0.868 7857 7

8482.580 0.953 7439 7

8484.569� 0.011 7722 7

8635.332 0.344 8440 7

8929.484 0.799 7846 7

8930.506 0.829 7940 7

8931.497 0.857 7718 7

9252.844 0.094 7678 9

9253.879 0.124 7601 9

9255.904 0.182 7714 9

9256.879 0.210 7917 9

9257.934 0.240 7777 9

9258.901 0.268 8364 9

9282.443 0.945 7487 7

9284.561 0.005 7559 7

9286.489 0.061 7657 7

9403.363 0.420 8393 7

9405.324 0.477 8484 7

9408.277 0.562 8412 7

HJD Phase hHi Id.

(2440000+) (G)

HD 14437

8481.607 8001 7

8582.538 7869 7

8929.565 8024 7

8931.571 7691 7

9252.942 7594 9

9253.959 8219 9

9255.993 8049 9

9256.959 8064 9

9258.005 7664 9

9258.811 7875 9

9286.580 8087 7

9695.757 7024 9

9696.737 7087 9

9697.698 7471 9

9699.661 7292 9

9700.680 7162 9

9729.836� 7139 10

HD 18078

8166.570 3318 7

8636.341 4415 7

8930.638 3633 7

9286.660 3794 7

9729.883� 4014 10

HD 29578

9298.624 2854 2

9299.609 2871 2

9301.623 2806 2

9326.772 2754 2

9397.558� 2771 1

9436.557 2737 2

9709.574 2676 1

9828.490 2771 1

9949.865 2794 3

HD 50169

8323.540 4448 1

8914.842 4599 4

8933.724 4612 2

8963.658 4654 1

8991.590� 4723 1

9018.559 4694 1

9079.506 4681 1

9398.556 4885 1

9419.556 4906 1

9436.521 4945 2

9709.638 5038 1

9752.556 5120 1

9800.527 4964 1

HJD Phase hHi Id.

(2440000+) (G)

HD 55719

7285.477 6464 1

7639.472 6684 1

7641.532 6518 1

8317.509 6456 1

8321.506 6506 1

8325.516 6657 1

8910.792 6449 1

8914.869 6376 4

8915.872 6338 5

8916.799 6422 5

8933.711 6359 2

8963.623 6487 1

8990.562 6481 1

8991.766 6483 1

9017.538 6380 1

9018.521 6508 1

9078.494� 6525 1

9101.467 6485 1

9129.476 6693 1

9213.918 6644 1

9397.527 6636 1

9398.522 6711 1

9419.516 6680 1

9437.493 6382 2

9457.472 6586 1

9495.451 6403 1

9793.641 6367 1

9801.488 6409 1

9829.500 6428 1

HD 59435

8910.837 3020 1

8963.748� 3240 1

8964.695 3310 1

8990.602 3590 1

9017.566 3550 1

9078.550 3820 1

9100.482 4050 1

9130.470 4040 1

9326.803 3950 2

9397.633 3920 1

9418.638 3700 1

9436.588 3550 2

9456.490 3190 1

9494.479 2950 1

9709.691 2260 1

9752.605 2220 1

9800.583 2330 1

9828.536 2270 1

9853.468 2490 1

HJD Phase hHi Id.
(2440000+) (G)

HD 61468

9710.695 7789 1
9753.570� 7731 1
9800.660 7131 1
9829.548 6634 1

HD 65339

8929.640 0.812 15663 7
9110.414 0.334 9306 7
9111.336 0.449 9312 7
9112.374 0.578 13096 7
9113.367 0.702 16734 7
9114.336 0.823 15680 7
9253.001 0.098 7649 9
9254.008 0.223 9247 9
9257.011 0.598 13431 9
9258.984 0.843 15843 9
9602.654 0.659 17332 7
9695.931 0.280 9237 9
9696.952 0.407 9732 9
9697.939� 0.530 9677 9
9699.896 0.774 17091 9
9700.961 0.907 16405 9

HD 70331

8916.858 11850 5
8917.855 11481 5
8933.814 12691 2
8963.700 12691 1
8964.742 12412 1
8991.635 12380 1
9017.616 12406 1
9018.613 12057 1
9078.577 11615 1
9079.560 12229 1
9100.536 12047 1
9101.505 13106 1
9130.527 12611 1
9161.461 12922 1
9397.680 12422 1
9398.615 12517 1
9418.700 12513 1
9419.627 12863 1
9436.620 11902 2
9437.516 12668 2
9456.539 12244 1
9457.501� 12169 1
9495.492 12789 1
9709.737 12055 1
9752.693 12777 1
9753.632 11290 1
9793.673 11514 1
9800.731 12888 1
9853.521 12450 1
9881.472 11665 1
9882.482 12435 1
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Table 4. continued

HJD Phase hHi Id.

(2440000+) (G)

HD 75445

9457.530� 2940 1

9494.528 3014 1

9495.565 2961 1

9531.492 3014 1

9534.454 3043 1

9535.457 2934 1

9709.773 3037 1

9752.659 2955 1

9908.464 2964 1

HD 81009

7639.499 0.859 7875 1

7641.562 0.920 7689 1

8318.547 0.855 7810 1

8322.523 0.972 7548 1

8326.531 0.090 7605 1

8635.594 0.191 8104 7

8636.548 0.219 8341 7

8789.461 0.721 8526 1

8791.455 0.780 8205 1

8933.837 0.973 7573 2

8963.782 0.855 8008 1

8990.735 0.648 8997 1

8991.678 0.676 8710 1

9017.657 0.441 9344 1

9018.659� 0.471 9480 1

9078.620 0.236 8280 1

9079.649 0.266 8433 1

9100.579 0.883 7846 1

9101.547 0.911 7810 1

9129.500 0.734 8662 1

9130.566 0.766 8584 1

9397.721 0.633 8842 1

9405.435 0.860 7576 7

9419.679 0.279 8578 1

9437.542 0.805 7997 2

9456.578 0.366 8903 1

9457.547 0.394 9073 1

9494.550 0.484 9245 1

9495.537 0.513 9161 1

9515.498 0.101 7827 6

9531.459 0.571 9148 1

9697.021 0.446 9029 9

9698.018 0.475 9427 9

9699.989 0.533 9488 9

9701.026 0.564 9199 9

9752.732 0.086 7613 1

9753.694 0.115 7825 1

9853.557 0.055 7659 1

9854.462 0.082 7630 1

HJD Phase hHi Id.

(2440000+) (G)

HD 93507

8964.848 0.498 7519 1

8990.769 0.545 7697 1

8991.785 0.546 7448 1

9017.694 0.593 7496 1

9018.750 0.595 7240 1

9078.655 0.703 7194 1

9079.612 0.704 7269 1

9100.613 0.742 7091 1

9101.581 0.744 7223 1

9129.545 0.794 7185 1

9130.607 0.796 6951 1

9161.555 0.852 6961 1

9213.492 0.945 6862 1

9398.666 0.278 7162 1

9418.758 0.314 7125 1

9436.654 0.347 7573 2

9456.613 0.382 7422 1

9494.589 0.451 7181 1

9534.525 0.523 7353 1

9710.834 0.840 7070 1

9752.761 0.915 6936 1

9793.723 0.989 6816 1

9800.779 0.001 6785 1

9828.612 0.051 6858 1

9853.593 0.096 6936 1

9881.524� 0.147 6992 1

9908.511 0.195 7034 1

9947.482 0.265 7217 3

HD 94660

7284.483 6078 1

7637.505 6265 1

7977.746 6405 1

8317.539 6365 1

8790.495 6298 1

8963.813 6260 1

9017.783 6246 1

9101.637 6221 1

9160.552 6221 1

9397.770 6128 1

9437.557 6139 2

9495.596 6091 1

9535.477 6059 1

9709.789� 6065 1

9801.716 5927 1

9854.498 6116 1

9908.481 6099 1

HD 110066

8635.643 4136 7

9110.451 4140 7

9157.699 4060 9

9696.026� 4044 9

HJD Phase hHi Id.

(2440000+) (G)

HD 116114

8732.672 5923 2

8790.633 5965 1

8841.484 6000 1

8990.833 5933 1

8991.815 5919 1

9017.735 5937 1

9018.783 5933 1

9079.676� 5958 1

9101.619 5917 1

9113.435 5914 7

9129.620 5908 1

9161.512 5977 1

9398.734 5908 1

9437.668 5996 2

9752.794 5979 1

9801.758 6017 1

9909.460 5967 1

9947.513 6003 3

HD 116458

7282.852 0.856 4667 1

7639.827 0.269 4643 1

8318.810 0.860 4639 1

8789.620 0.043 4648 1

8841.520 0.394 4692 1

9017.831 0.586 4669 1

9078.685 0.998 4719 1

9100.644 0.146 4683 1

9130.643� 0.349 4646 1

9160.661 0.552 4675 1

9212.493 0.903 4721 1

9214.593 0.917 4667 1

9437.652 0.425 4736 2

9801.858 0.887 4671 1

9854.766 0.245 4664 1

HD 119027

9145.615 3152 6

9436.741 3486 2

9437.611 3272 2

9457.617 2854 1

9515.559 3150 6

9753.785 3079 1

9762.716 3003 11

9762.791 3152 11

9828.681� 3234 1

9853.667 3135 1

9881.592 3343 1

9908.618 3098 1

HJD Phase hHi Id.

(2440000+) (G)

HD 126515

7637.674 0.744 11896 1

7641.634 0.775 12886 1

8321.838 0.009 15885 1

8637.664 0.440 9931 7

8732.685 0.171 14088 2

8790.558 0.616 9943 1

9018.809 0.373 10778 1

9078.708 0.833 14547 1

9100.666 0.002 15705 1

9110.370 0.077 16082 7

9129.589 0.225 13450 1

9145.547 0.348 11411 6

9160.529 0.463 9799 1

9160.686 0.464 9885 9

9162.394 0.477 9664 7

9166.397 0.508 9488 7

9436.679 0.588 9933 2

9531.528 0.318 11804 1

9752.844� 0.021 15875 1

9854.618 0.804 13387 1

HD 134214

8732.711 3180 2

8791.561 3043 1

8842.478 2970 1

9017.807 3165 1

9079.703 3144 1

9100.693 3089 1

9101.662 3190 1

9129.656� 3156 1

9130.670 3156 1

9158.700 2974 9

9161.698 3083 1

9163.695 3054 9

9214.545 3070 1

9398.761 3159 1

9419.711 3100 1

9436.693 3102 2

9437.643 3190 2

9456.650 3108 1

9495.758 3089 1

9531.560 3119 1

9534.619 2993 1

9535.591 3108 1

9753.841 2995 1

9829.701 3026 1

9882.551 3026 1

9909.682 3079 1
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Table 4. continued

HJD Phase hHi Id.

(2440000+) (G)

HD 137909

8167.257 0.272 5705 7

8478.344 0.099 5570 7

8480.365 0.209 5736 7

9108.567 0.190 5721 7

9110.472 0.293 5730 7

9111.433 0.345 5675 7

9112.478 0.401 5661 7

9113.395 0.451 5531 7

9114.438 0.507 5510 7

9157.637 0.844 5371 9

9158.642 0.898 5271 9

9159.636 0.952 5247 9

9160.445 0.996 5378 7

9160.638 0.006 5294 9

9161.655 0.061 5350 9

9162.354 0.099 5480 7

9162.644 0.115 5466 9

9163.362 0.154 5663 7

9163.643� 0.169 5594 9

9164.361 0.208 5694 7

9165.356 0.262 5742 7

9166.355 0.316 5705 7

9576.396 0.496 5443 7

9577.399 0.550 5434 7

9578.323 0.600 5375 7

9580.321 0.708 5279 7

9581.318 0.762 5277 7

9600.314 0.790 5321 7

9601.299 0.843 5292 7

9603.282 0.950 5352 7

9605.293 0.059 5445 7

9607.284 0.167 5669 7

HD 137949

8322.816 4688 1

8326.774 4685 1

8788.702 4646 1

8842.521 4667 1

9018.862 4671 1

9101.689 4622 1

9160.689 4706 1

9214.574 4662 1

9436.707 4685 2

9534.652 4700 1

9752.809 4694 1

9829.760� 4694 1

9908.672 4671 1

HJD Phase hHi Id.

(2440000+) (G)

HD 142070

9437.704 0.134 4862 2

9456.705 0.765 5147 1

9457.717 0.064 4725 1

9494.639 0.005 4591 1

9495.638 0.301 4937 1

9515.622 0.222 4883 6

9531.595 0.955 4713 1

9534.573 0.838 5027 1

9535.509 0.115 4803 1

9752.873 0.523 5034 1

9753.872 0.819 5019 1

9793.817 0.656 5168 1

9800.833 0.734 5088 1

9828.744 0.005 4803 1

9829.732� 0.298 4927 1

9853.730 0.409 4807 1

9854.694 0.694 5203 1

9881.656 0.683 5090 1

9882.587 0.959 4698 1

9908.556 0.654 5096 1

9909.562 0.952 4698 1

9949.489 0.783 4979 3

HD 144897

9017.858 0.608 9218 1

9018.837 0.628 9784 1

9078.746� 0.865 8589 1

9100.733 0.319 9385 1

9130.712 0.938 8266 1

9145.656 0.247 8966 6

9160.735 0.558 9570 1

9214.623 0.671 8962 1

9215.552 0.690 9243 1

9397.804 0.453 9511 1

9398.801 0.474 9513 1

9418.806 0.887 8578 1

9419.774 0.907 8563 1

9436.829 0.259 8995 2

9437.685 0.277 8656 2

9494.680 0.454 9509 1

9531.682 0.218 8855 1

9535.743 0.302 9287 1

9762.828 0.990 8677 11

9762.863 0.991 8695 11

9793.771 0.629 9312 1

9800.877 0.776 8977 1

9853.773 0.868 8605 1

9882.632 0.464 9667 1

9909.645 0.022 8398 1

9949.524 0.845 8576 3

HJD Phase hHi Id.

(2440000+) (G)

HD 150562

9436.792 4763 2

9437.782 4864 2

9515.689 4832 6

9535.654� 4885 1

9761.860 4952 11

9828.805 4922 1

9881.721 4992 1

HDE 318107

8841.606 13846 1

8842.593 13266 1

9078.880 13970 1

9079.861 14696 1

9100.853 16468 1

9101.750 15306 1

9130.807 14400 1

9145.692 13437 6

9161.624 13731 1

9210.743 15357 2

9214.680 15533 1

9215.608 17139 1

9397.862 13584 1

9398.858 14247 1

9418.860 14132 1

9419.827 13855 1

9436.867 13429 2

9437.740 13396 2

9456.754� 13440 1

9457.760 14090 1

9494.769 13259 1

9534.757 13513 1

9535.799 14113 1

9828.882 16988 1

9829.835 15822 1

9853.829 13721 1

9881.798 13851 1

9882.691 13568 1

9908.716 14136 1

9909.733 13805 1

9947.705 14010 3

9949.577 13725 3

HJD Phase hHi Id.

(2440000+) (G)

HD 165474

7642.787 6374 1

8789.668 6665 1

8842.542 6428 1

9078.836 6548 1

9079.907 6657 1

9100.804 6493 1

9101.800 6479 1

9130.754 6772 1

9160.609 6665 1

9214.478 6682 1

9436.898 6527 2

9437.860 6598 2

9456.827 6472 1

9457.807 6548 1

9531.637 6571 1

9793.883 6598 1

9829.783� 6573 1

9909.602 6579 1

8478.413 6367 7

9111.479 6313 7

9161.709 6502 9

9162.463 6479 7

8931.279 6137 7

HD 166473

8788.758 8551 1

8790.817 8444 1

8841.672 8454 1

8911.512 8540 1

9079.772 8412 1

9100.913 8305 1

9130.878� 8138 1

9160.832 8148 1

9212.719 7991 1

9215.670 7964 1

9298.510 7878 2

9301.510 7970 2

9419.877 7645 1

9437.843 7735 2

9456.858 7552 1

9494.717 7297 1

9531.786 7341 1

9793.849 6686 1

9829.883 6651 1

9853.877 6699 1

9881.848 6680 1

9908.774 6456 1

9947.536 6395 3



G. Mathys et al.: The mean magnetic field modulus of Ap stars 369

Table 4. continued

HJD Phase hHi Id.
(2440000+) (G)

HD 177765

9213.783 3410 1
9214.748� 3400 1
9296.517 3440 2
9300.532 3425 2
9437.885 3417 2
9882.756 3387 1

HD 187474

7287.859 0.223 5445 1
7637.845 0.372 6013 1
8320.898 0.663 5472 1
8788.856 0.863 4885 1
8841.747 0.885 4920 1
8910.507 0.915 4987 1
8915.491 0.917 5115 5
8933.523 0.924 5063 2
9100.889 0.996 5013 1
9160.943 0.021 5004 1
9210.677 0.043 5107 2
9214.805 0.044 5000 1
9296.544 0.079 5034 2
9419.899� 0.132 4987 1
9437.905 0.139 5004 2
9457.825 0.148 5006 1
9494.811 0.164 5048 1
9531.752 0.179 5086 1
9535.851 0.181 5059 1
9793.904 0.291 5604 1
9800.914 0.294 5602 1
9828.918 0.306 5633 1
9853.896 0.317 5707 1
9854.915 0.317 5711 1
9881.868 0.329 5799 1
9882.916 0.329 5791 1
9908.795 0.340 5835 1
9947.557 0.357 5952 3

HD 188041

7637.900 0.401 3664 1
8166.330 0.761 3649 7
8324.901 0.469 3647 1
8478.474 0.155 3691 7
8789.720 0.545 3654 1
8842.632 0.781 3656 1
8910.494 0.084 3714 1
8933.513 0.187 3700 2
9101.824� 0.939 3679 1
9130.850 0.069 3716 1
9161.837 0.207 3645 1
9213.690 0.439 3620 1
9256.627 0.630 3698 9
9437.916 0.440 3591 2
9854.807 0.297 3618 1

HJD Phase hHi Id.
(2440000+) (G)

HD 192678

8166.387 0.483 4685 7
8481.517 0.579 4841 7
8483.383 0.870 4969 7
8484.393 0.027 4857 7
8929.383 0.356 4713 7
8930.376 0.510 4667 7
8932.249 0.802 4832 7
9110.508� 0.574 4788 7
9111.544 0.736 4818 7
9112.512 0.887 4962 7
9113.498 0.040 5015 7
9114.511 0.198 4996 7
9157.817 0.945 4784 9
9158.788 0.096 4828 9
9159.768 0.249 4564 9
9160.770 0.405 4568 9
9161.792 0.564 4614 9
9162.779 0.718 4650 9
9163.395 0.814 4904 7
9163.778 0.874 4834 9
9164.430 0.975 4924 7
9165.393 0.125 4851 7
9166.550 0.306 4652 7
9252.664 0.722 4589 9
9253.636 0.873 4820 9
9254.605 0.024 4667 9
9255.635 0.185 4539 9
9256.702 0.351 4612 9
9257.645 0.498 4643 9
9258.637 0.652 4646 9
9575.601 0.035 4874 7
9576.442 0.166 4641 7
9580.366 0.777 4740 7
9581.357 0.931 4899 7

HDE 335238

9145.841 11212 6
9163.552� 8746 7
9165.565 8832 7
9515.859 8033 6
9549.474 8026 8
9550.463 8177 8
9551.482 8255 8
9552.467 8320 8
9553.497 8295 8
9558.510 8572 7
9559.490 8547 7
9560.469 7825 7
9576.543 11743 7
9603.356 8406 7
9605.357 8029 7
9606.363 8278 7

HJD Phase hHi Id.
(2440000+) (G)

HD 200311

8478.523 0.923 9662 7
8482.525 0.000 8935 7
8484.498 0.039 9249 7
9110.593 0.137 8920 7
9111.600 0.157 7884 7
9113.559 0.194 8018 7
9157.904 0.051 9316 9
9158.879 0.070 8861 9
9159.859 0.089 8450 9
9160.487 0.101 8263 7
9160.861 0.108 8645 9
9161.876 0.128 8863 9
9162.534 0.141 8668 7
9162.869 0.147 7827 9
9163.457 0.159 8305 7
9163.868 0.167 7576 9
9165.461� 0.197 7701 7
9166.475 0.217 7682 7
9252.751 0.884 9536 9
9253.723 0.903 9270 9
9255.728 0.942 8937 9
9256.789 0.962 8781 9
9258.724 0.999 9952 9
9281.286 0.435 7909 7
9282.314 0.455 8041 7
9284.407 0.496 8347 7
9286.326 0.533 8303 7
9581.418 0.235 8008 7

HD 201601

7282.906 3677 1
7637.917 3731 1
8169.306 3823 7
8479.454 3834 7
8789.790 3790 1
8925.259 3893 7
9101.916 3826 1
9110.636 3888 7
9160.540 3840 7
9160.771 3851 1
9160.931 3834 9
9215.649 3842 1
9257.798 3842 9
9281.395 3930 7
9456.898 3867 1
9576.632 3859 7
9695.590 3899 9
9700.578� 3918 9
9828.923 3865 1
9854.890 3909 1
9908.753 3838 1

HJD Phase hHi Id.
(2440000+) (G)

HD 208217

9213.818 0.153 8528 1
9214.839 0.274 8779 1
9215.873 0.397 7368 1
9295.577 0.835 7609 2
9296.581 0.954 7412 2
9297.559 0.070 6879 2
9298.595 0.192 8660 2
9299.562 0.307 8354 2
9300.590 0.428 7307 2
9301.549 0.542 7120 2
9456.916 0.940 7909 1
9457.913� 0.058 7045 1
9494.832 0.430 7829 1
9531.726 0.799 7605 1
9531.920 0.822 8268 1
9534.708 0.152 8842 1
9534.830 0.166 8565 1
9534.939 0.179 8612 1
9535.708 0.270 8419 1
9535.918 0.295 8096 1
9709.534 0.854 7477 1
9710.569 0.977 7437 1
9853.913 0.951 8054 1
9854.849 0.062 7961 1
9881.884 0.263 8987 1
9882.867 0.380 7699 1
9908.809 0.452 7666 1
9909.781 0.567 7257 1
9947.745 0.062 8020 3
9948.811 0.189 8618 3
9949.750 0.300 8301 3

HD 216018

8791.878 5583 1
8841.773 5549 1
8842.848 5692 1
8910.552� 5621 1
8916.617 5633 5
8933.544 5579 2
8964.535 5635 1
9130.914 5617 1
9160.915 5623 1
9212.835 5539 1
9213.851 5554 1
9297.586 5644 2
9301.573 5608 2
9534.856 5709 1
9710.541 5621 1
9829.908 5768 1
9882.892 5791 1
9908.934 5814 1
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are mentioned in the text. Columns 7 and 8 give the date
of the first observation of magnetically resolved lines in
the considered star (when known; otherwise information
about the discovery year is given) and the reference of the
paper where this discovery has been announced (no entry
in Col. 8 means that the presence of resolved split lines is
reported here for the first time). Finally, some additional
remarks appear in Col. 9 (SB stands for spectroscopic bi-
nary; SB2 for double-lined spectroscopic binary; and roAp
denotes a rapidly oscillating Ap star – see e.g. Kurtz 1990),
with the corresponding reference in Col. 10 (if it is not the
present paper).

The properties summarized in Table 2 are discussed in
more detail in the rest of this paper (especially in the next
section).

From the observations described in Sect. 3, we have re-
peatedly measured the mean magnetic field modulus of 40
of the 42 stars with magnetically resolved lines, inferring
it from the wavelength shift between the components of
the line Fe II λ 6149.2, as explained in Sect. 2. A portion
of one spectrum of each of these 40 stars, comprising the
line Fe II λ 6149.2, is shown in Figs. 2 to 4. The two stars
appearing in Table 2 for which we present no results here
are HD 47103 and HD 215441. The discovery (Babel et al.
1995) of resolved magnetically split lines in the former is
too recent (let us recall that this report is limited to data
acquired before end of August 1995). A number of spectra
of HD 215441 have been recorded in the course of this pro-
gramme, but its magnetic field is so strong (34 kG) that
one can no longer use Eq. (1) to interpret the splitting
of Fe II λ 6149.2: the latter must be modeled accounting
properly for the physics of the partial Paschen-Back ef-
fect. This will be the subject of a future publication.

We present an overview of the measurements of the
mean magnetic field modulus of the 40 remaining stars
in Table 3. The columns give, in order, the HD or HDE
number of the star, the number n of measurements of its
magnetic field modulus that we have performed, the av-
erage and the standard deviation of these measurements,
their rms deviation about a best fit curve of their varia-
tions, and their estimated uncertainty. The data appear-
ing in the last two columns are explained more in detail in
Sect. 6. Note that in contrast with Table 2, the quantity
given in Col. 3 of Table 3 is the plain arithmetic aver-
age of all our measurements of the considered star. The
standard deviation about this average, which appears in
Col. 4, results from the superposition of the measurement
uncertainties and of the variations of the stellar field.

The 752 individual measurements of the mean mag-
netic field modulus are presented in Table 4. Column 1
contains the heliocentric Julian date of mid-observation.
An asterisk next to this entry identifies the spectrum of
each star that is shown in Figs. 2 to 4. In Col. 2, the stel-
lar rotation phase is computed (whenever possible) us-
ing the ephemeris elements appearing in Cols. 5 and 7 of
Table 2. The values of the mean magnetic field modulus

Table 5. Correspondence between the instrumental configu-
ration code numbers (see Col. 2 of Table 1) and the symbols
used in the plots

Id. Configuration Symbol

1 CAT + CES LC filled circle
2 CAT + CES SC open circle
3 CAT + CES LC + CCD #38 asterisk
4 CAT + CES LC/F200 filled hexagon
5 CAT + CES SC/fibre open hexagon
6 3.6 + CES LC/F200 star
7 AURELIE open square
8 ELODIE cross
9 KPNO coudé feed filled square

10 CFHT F/4 spectro filled triangle
11 EMMI open triangle

〈H〉 are given in Col. 3 of Table 4, with in Col. 4 the code
referring to the instrumental configuration used to per-
form the corresponding observation (as defined in Col. 2
of Table 1). All the mean field modulus measurements that
we have performed before end of August 1995 are included
in Table 4. A few of them correspond to observations that
have already been presented in Papers I to III. However,
for the sake of homogeneity and completeness, these spec-
tra have been remeasured together with all the others dis-
cussed here: the revised values of the field that appear in
this paper supersede the ones that had been previously
published. Note that the Julian dates of some of the ob-
servations reported in Paper II were erroneous: they have
been corrected in the present paper.

In the next section, we discuss the mean field modulus
measurements star by star. We present plots of these mea-
surements against rotation phase or against Julian date.
In these plots, different symbols are used to distinguish
measurements performed with different instrumental con-
figurations. Unless indicated otherwise in the figure cap-
tion, the meaning of these symbols is given in Table 5.
Column 1 contains the identification number of the con-
figuration (from Col. 2 of Table 1), of which a short re-
minder is given in Col. 2 (which should be self-explantory
from the consideration of Table 1). The description of the
corresponding plot symbol appears in Col. 3.

5. Notes on individual stars

5.1. HD 965

HD 965 has never been studied in detail before. Since
magnetically resolved lines have been discovered in this
star, in November 1993, its mean magnetic field modu-
lus seems to have been monotonically decreasing (Fig. 5).
It appears highly probable that the rotation period of
HD 965 is much longer than 2 years, although given the
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Fig. 5. Mean magnetic field modulus of HD 965 against helio-
centric Julian date. The meaning of the symbols is as given in
Table 5

small number of measurements, one cannot definitely rule
out a shorter period.

5.2. HD 2453

The observation of resolved magnetically split lines in this
star was first reported in Paper II. The only value of the
period that adequately accounts for all the longitudinal
field measurements (Babcock 1958; Wolff 1975; Mathys &
Hubrig 1996) is P = (521± 2) d, in good agreement with
Wolff’s (1975) original estimate of 525 d. The longitudinal
field is always negative, varying approximately between
−950 and −400 G.

The profile of Fe II λ 6149.2 in HD 2453 is very clean,
mostly free from blends, so that we expect this star to
be one of those where we can measure the magnetic field
modulus with the best accuracy. As discussed in Sect. 6,
the measurement uncertainty should then be of the order
of 30 G. The standard deviation of our 9 measurements,
60 G (see Table 3), significantly exceeds this value, which
indicates that we are likely detecting actual field varia-
tions. As a matter of fact, when plotted against rotation
phase, our data seem to lie along a nearly sinusoidal curve
(see Fig. 6), suggesting that the field modulus of HD 2453
may vary with a peak-to-peak amplitude of the order of
160 G. The maximum of the mean field modulus vari-
ations seems to coincide roughly with the largest nega-
tive value of the longitudinal field, and the minimum of
the mean field modulus apparently occurs approximately
when the longitudinal field is closest to 0 (compare Fig. 6
with Fig. 7). Additional measurements, allowing a better
sampling of the rotation phases of HD 2453, will be useful
to confirm that this description of the variations of the
field is indeed correct.

Fig. 6. Mean magnetic field modulus of HD 2453 against rota-
tion phase. The meaning of the symbols is as given in Table 5

Fig. 7. Mean longitudinal magnetic field of HD 2453 against
rotation phase. Data are from Babcock (1958; open triangles),
Wolff (1975; crosses: Lick data; open squares : Mauna Kea
data), and Mathys & Hubrig (1996; filled circle)

5.3. HD 9996

In Paper II, we had reported the first observation of re-
solved magnetically split lines in HD 9996. From the dis-
covery spectrum, we had measured a mean field modulus
of 3.8 kG. This is significantly larger than the estimate
of 2.2 kG (Preston 1971a) and the upper limit of 2.5 kG
(Scholz 1983) obtained from the analysis of the differen-
tial broadening of unsplit lines. The resulting suspicion
that the magnetic field modulus of this star may show
large variations is fully confirmed by our new measure-
ments. From the consideration of Fig. 8, where our data
are plotted against Julian date, it seems that HD 9996
may just have passed the time of maximum of its mean
field modulus. The latter probably occurred at the end of



372 G. Mathys et al.: The mean magnetic field modulus of Ap stars

Fig. 8. Mean magnetic field modulus of HD 9996 against he-
liocentric Julian date. The meaning of the symbols is as given
in Table 5

Fig. 9. Same spectral region as in Fig. 1, as observed
in HD 9996 on the dates indicated next to each tracing
(HJD− 2440000)

1993 or the beginning of 1994. Adopting for the rotation
period the most recent estimate of 21 yr (Rice 1988), the
phase of the maximum field modulus would appear to co-
incide roughly with that of the negative extremum of the
mean longitudinal (or effective) field, to the accuracy with
which the latter can be inferred from the published mea-
surements (Babcock 1958; Preston & Wolff 1970; Scholz
1978, 1983). According to the latter, the range of variation
of the longitudinal field is from −1200 G to +300 G.

HD 9996 was already famous for its extreme spectro-
scopic variations (Preston & Wolff 1970). The results pre-
sented here indicate that the variation of its magnetic field
modulus also is unusually large. Indeed, we find that the

Fig. 10. Mean magnetic field modulus of HD 12288 against ro-
tation phase. The meaning of the symbols is as given in Table 5

field reaches 5 kG (or more) at maximum, while from the
above-mentioned estimates of Preston (1971a) and Scholz
(1983), at minimum it does not exceed 2.5 kG. Thus the
ratio between its extrema is at least 2.0, which is greater
than in any other star with magnetically resolved lines
studied until now.

From the consideration of the line profiles at differ-
ent phases, it furthermore appears that not only the field
strength but also its orientation with respect to the ob-
server vary remarkably with phase. This is illustrated in
Fig. 9, where portions of our oldest and of our most re-
cent spectra of the star are plotted. The very unusual,
triangular shape of the line Cr II λ 6147.1 in the former
had already been stressed in Paper II. Comparing the two
observations shown in Fig. 9, one can see that this trian-
gular shape can to a large extent be attributed to the fact
that the σ components of the line are remarkably weak.
The contribution of these components to the line is seen
to have increased quite noticeably between our first and
last observations. Even in the latter, the strength of the
σ components relative to that of the central π compo-
nents remains smaller than in most other stars studied
(see Figs. 2 to 4). Similarly, the outermost σ components
of the quadruplet Fe II λ 6147.7 are weak too, even almost
not visible at all in our first spectrum. This seems to indi-
cate that the magnetic field of HD 9996 at the considered
phases is predominantly transversal, at least on the re-
gions of the stellar surfaces where this field (which appears
to be unusually inhomogeneous) is strongest.

Note also that HD 9996 is a spectroscopic binary with
an orbital period (273 d) much shorter than its rotation
period (Preston & Wolff 1970).
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Fig. 11. Periodogram obtained in a frequency search on the measurements of the mean magnetic field modulus of HD 14437.
The ordinate is the reduced χ2 of the fit of the field modulus measurements by a sine wave with the frequency given in abscissa

5.4. HD 12288

Analysing our 20 measurements of the mean field mod-
ulus of this star, where magnetic line splitting had first
been observed by Preston (1971a), we find that the most
probable value of its rotation period is

P = (34.79± 0.12) d.

This is in excellent agreement with the value
(34.9± 0.3) d that had been derived by Wolff & Morrison
(1973) from photometric observations. These photomet-
ric observations also allow us to rule out an alternative
value of the period, 28.d6, which appears almost as satis-
factory from the consideration of our magnetic data alone.
Conversely, our measurements are inconsistent with the
aliases close to 1 day that appeared marginally plausible
from the photometry.

The variation of the mean magnetic field modulus of
HD 12288 through its rotation cycle is shown in Fig. 10.
The amplitude of the variations, of the order of 1 kG peak-
to-peak, is much smaller than the difference between the
extreme values of 6.1 and 8.6 kG of the field modulus re-
ported by Preston (1971a). However, this discrepancy, the
origin of which is unclear, does not cast doubt on the re-
liability of the rotation period derived here.

The split components of the line Fe II λ 6149.2 show
some evidence of distortion due to rotational Doppler ef-
fect. This is well seen in the portion of the spectrum shown
in Fig. 2, from the fact that the red component of the line
is sharper and narrower than the blue component. This is
the opposite of the characteristic asymmetry correspond-
ing to the partial Paschen-Back effect regime of formation

of this line, which is actually observed when rotation is
negligible (see Paper I for details).

We have obtained three measurements of the longitu-
dinal magnetic field of HD 12288 through Hβ photopo-
larimetry: two null values at phases 0.875 and 0.974, and
a marginal detection (−1.2± 0.5 kG) at phase 0.129.

Finally, our study reveals that the radial velocity of
HD 12288 is variable, thus that it is a spectroscopic bi-
nary. The amplitude of the variation is at least 16 km s−1.
The timescale on which it occurs is long: the orbital period
is unlikely to be much shorter than 4 years. The determi-
nation of the orbital parameters, and more generally, the
detailed study of the radial velocity of this and of the other
stars considered in this paper are beyond its scope. They
will be the subject of a separate work.

5.5. HD 14437

The detection of resolved magnetically split lines in
HD 14437 has been reported in Paper III. Its mean field
modulus appears to vary with an amplitude of the order of
1 kG peak-to-peak. The period cannot be unambiguously
determined from our present data. In a periodogram cover-
ing the range comprised between 2.5 and 1000 d (Fig. 11),
three groups of periods clearly stand out, around 15 d,
30 d, and 350 d. The latter seems to be ruled out by the
fact that we observe apparently significant variations on
timescales of a few days. The longitudinal field is also re-
ported by Glagolevskij et al. (1982) and Glagolevskij et al.
(1986) to vary on similarly short timescales between −2.3
and −0.4 kG. This is consistent with our own determina-
tions of the longitudinal field (3 measurements over one
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Fig. 12. Mean magnetic field modulus of HD 29578 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

week, through Hβ photopolarimetry, ranging between
−1.4 and −1.9 kG). We do not have enough data yet to
decide between the two groups of periods around 15 d and
around 30 d, nor to resolve the strong aliasing within these
groups.

5.6. HD 18078

In the first spectrum (taken in October 1990) of HD 18078
where we observed magnetic splitting in Fe II λ 6149.2
(Paper II), this doublet was just barely resolved. Its com-
ponents were better separated in January 1992. But they
were hardly resolved in November 1992 and October 1993:
the field modulus values derived on these dates are rather
uncertain. In February 1994, splitting was not seen, but
the total width of the line was still consistent with a
field of the order of 3 kG. The doublet was again re-
solved in our last observation of this star, in January
1995. From these observations, the mean magnetic field
modulus of HD 18078 appears to undergo quite signifi-
cant variations (the ratio between the extrema is at least
1.4). The split components of Fe II λ 6149.2 are unusually
broad. Whether this is due to rotational Doppler effect or
to a particularly inhomogeneous magnetic field distribu-
tion on the stellar surface is at present unclear. Indeed,
the distribution in time of our observations, which was
inspired by Wolff & Morrison’s (1973) statement that the
rotation period might exceed 10 years, does not allow us to
decide whether the period is indeed very long or whether
it might be short enough so that rotational Doppler ef-
fect could significantly contribute to the line profiles. Our
future observations will be planned so as to resolve this
ambiguity.

Fig. 13. Mean magnetic field modulus of HD 50169 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

Fig. 14. Mean magnetic field modulus of HD 55719 against
heliocentric Julian date (a time span of 700 days has been
extracted from the whole dataset). The meaning of the symbols
is as given in Table 5

5.7. HD 29578

The observations of magnetically resolved lines in this oth-
erwise not well known Ap star is reported here for the first
time. The standard deviation of 59 G of our 9 measure-
ments of the mean magnetic field modulus of a star where
the purity of the Fe II λ 6149.2 profile probably allows us
to determine this quantity with a significantly better ac-
curacy (see Sect. 6) indicates that we are almost certainly
detecting low-amplitude variations. A plot of the mea-
surements against Julian dates (Fig. 12) suggests that the
period may be long (significantly exceeding 2 years), but
more observations are required to establish this more re-
liably.
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Fig. 15. Mean magnetic field modulus of HD 55719 against
rotation phase, computed assuming that the rotation period is
847 d. The phase origin is HJD 2447160.0. The meaning of the
symbols is as given in Table 5

Fig. 16. Mean magnetic field modulus of HD 55719 against
rotation phase, computed assuming that the rotation period is
775 d. The phase origin is HJD 2447346.0. The meaning of the
symbols is as given in Table 5

On the other hand, the radial velocity of HD 29578 is
definitely slowly variable. A maximum has been reached
beginning of 1994, which differs by more than 16 km s−1

from the lowest value recorded so far, in our last observa-
tion of the star, in August 1995: HD 29578 appears to be
a spectroscopic binary with an orbital period significantly
longer than 2 years.

5.8. HD 50169

Since our discovery of resolved magnetically split lines in
this star in March 1991 (Paper II) until our second last
observation in February 1995, its mean field modulus has

Fig. 17. Mean longitudinal magnetic field of HD 55719 against
rotation phase, computed assuming that the rotation pe-
riod is 847 d (data from Bonsack 1976). The phase origin is
HJD 2447160.0

Fig. 18. Mean longitudinal magnetic field of HD 55719 against
rotation phase, computed assuming that the rotation pe-
riod is 775 d (data from Bonsack 1976). The phase origin is
HJD 2447346.0

monotonically increased from 4.4 to 5.1 kG (Fig. 13). Our
last observation in March 1995 yielded a somewhat smaller
field value (just below 5 kG), which most likely is spurious
(possibly due e.g. to an unrecognized cosmic ray hit affect-
ing the profile of Fe II λ 6149.2). However, it may also in-
dicate that maximum field strength has just been passed.
This will have to be confirmed by future observations, es-
pecially because it is not quite consistent with Preston’s
(1971a) estimate of the field strength (5.6 kG) from differ-
ential magnetic broadening of spectral lines. In any case,
the period of HD 50169 appears to be much longer than
4 years.
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This is consistent with the slow variation of the longi-
tudinal field reported by Babcock (1958). The only recent
determination of this field moment, +1.3 kG (Mathys &
Hubrig 1996) falls within the range of values derived by
Babcock.

Between our first and last observations of HD 50169
(4 years apart), its radial velocity has monotonically in-
creased, by about 2 km s−1: thus HD 50169 appears to be
a spectroscopic binary with an orbital period significantly
longer than 4 years.

5.9. HD 55719

HD 55719 is one of only three magnetic Ap stars known
to be SB2. This property has been discovered by Bonsack
(1976), who has determined the orbital parameters and
has also obtained 24 measurements of the longitudinal
magnetic field. From 22 of them, ranging roughly from
+1 to +2 kG, he derived possible values of the rota-
tion period of 30.d39 and 36.d48. Regardless of the period,
Bonsack’s (1976) remaining two longitudinal field mea-
surements (−1.1 and −0.6 kG) cannot be reconciled with
the bulk of his magnetic data.

We have already discussed the properties of HD 55719
in Papers I (where the discovery of resolved magnetically
split lines was first reported) to III. We now have 29 mea-
surements of its mean magnetic field modulus. They show
no significant correlation with the phases computed us-
ing the two values of the period indicated by Bonsack
(1976). Since Bonsack’s (1976) data marginally indicated
that the period would not be very long, we first tried to
fit our mean field modulus measurements with periods in
the range 0.5 − 100 d, without success: the correspond-
ing periodogram looks like pure noise. On the other hand,
plotting against Julian Date our data of the two consecu-
tive observing seasons during which we have observed the
star most intensively (from October 1992 to May 1994)
suggests the existence of a systematic modulation with a
periodicity of the order of 2 years or more (see Fig. 14).
This urged us to extend the frequency analysis to longer
periods. We found, indeed, that in a periodogram covering
the range 100− 2000 d, a double peak clearly stands out,
indicating that the rotation period of HD 55719 may well
have one of the two values:

P1 = (847± 20) d

or

P2 = (775± 25) d.

The magnetic field modulus is plotted against the phases
computed with these two possible values of the period in
Figs. 15 and 16. No choice between them can be made on
the basis of the presently available data.

Figures 17 and 18 show phase diagrams of Bonsack’s
(1976) mean longitudinal field measurements obtained

with the tentative periods derived from the mean field
modulus data. Except for the two negative field values (un-
explained by any plausible period), and to a lesser extent,
for the third smallest measurement (+760 G, which tends
also to be an outlier with Bonsack’s values of the periods),
these measurements are not violently inconsistent with
the long periods proposed here. They do, in fact, seem
to show some trend with these periods (especially 847 d).
Three more recent measurements of the longitudinal field,
performed from observations carried out at ESO with the
3.6 m telescope and the Zeeman analyzer of CASPEC by
Mathys & Hubrig (1996), yielded values between 450 and
950 G, that is, smaller than the bulk of Bonsack’s data.
However, such inconsistencies between longitudinal field
data obtained at different sites and with different instru-
ments are not unusual (see e.g. Mathys 1991). Only when
more measurements are obtained with CASPEC can they
be used (possibly in combination with Bonsack’s data) to
constrain the value of the rotation period.

That the rotation period of HD 55719 is long receives
further support from the fact that the star undergoes no
significant photometric variations over a timescale of the
order of one month (Heck et al. 1987). However, more data
need to be obtained before its value can be indisputably
established.

It should finally be noted that the components of the
line Fe II λ 6149.2 in HD 55719 have unusual, quite asym-
metric shapes (see Fig. 2), with rather steep edges toward
the line centre and more extended wings outwards (on the
red side of the red component and on the blue side of the
blue component). This distortion cannot be attributed to
the contribution of the secondary component of the binary
to the observed spectrum (see Papers I and II). It hints at
a rather unusual structure of the magnetic field.

5.10. HD 59435

HD 59435 is also an SB2. This property has been discov-
ered by North (1994). It is probably the most interesting
of the three SB2s known to comprise a magnetic Ap star,
since both components have rich, sharp-lined spectra, so
that both of them can be studied in great detail. This
system has been thoroughly discussed in a separate paper
(Wade et al. 1996b). Here we shall just summarize some
of the main results of this work.

The orbital period of HD 59435 is 1387 d. The primary
is a G giant, while the secondary is the Ap star, which
must be close to the end of its main-sequence life.

The line Fe II λ 6149.2 of the Ap component is resolved
into its magnetically split components. At many orbital
phases, this line is blended with the same or another line of
the other component. This complicates the determination
of the mean field modulus: the spectrum of the Ap star
first has to be rebuilt by removing the contribution of the
other component. Details of the procedure are given by
Wade et al. (1996b).
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Fig. 19. Mean magnetic field modulus of HD 59435 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

The mean field modulus of the Ap component is plot-
ted against Julian date in Fig. 19. A slow variation is
very clearly seen. The data obtained until now seem to
indicate that the rotation period may be slightly longer
than 1000 d. But this must be taken with caution, since
the magnetic field measurements performed so far do not
quite cover this time span. In any case, it is already clear
that the amplitude of variation of the mean field modulus
of HD 59435 is remarkably large: the ratio between the
maximum and minimum strengths found until now, 1.8,
is among the largest found in any star with resolved lines
known. Also, the field modulus at minimum (hardly more
than 2200 G) is the smallest one measured in any of the
stars considered in this paper.

No measurements of the mean longitudinal magnetic
field of HD 59435 have been published. But Babcock
(1967) had reported it to be magnetic on the basis of ob-
servations of circular polarization in spectral lines.

5.11. HD 61468

Our most recent discovery of a star with magnetically re-
solved lines is HD 61468. Very little is known about this
faint, cool Ap star. Until now, we have obtained four mea-
surements of its mean magnetic field modulus, spanning
119 days. These measurements are consistent with a slow
monotonic decrease of the field intensity during that time
interval. The radial velocity was also found to vary, with
an amplitude of at least 45 km s−1, so that the star def-
initely is SB. The orbital period cannot be determined
yet, of course, but it must be significantly shorter than
119 days.

Fig. 20. Mean magnetic field modulus of HD 65339 against
rotation phase. Asterisks represent Huchra’s (1972) data; the
meaning of the other symbols is as given in Table 5

5.12. HD 65339

HD 65339 (= 53 Cam) is possibly the Ap star whose mag-
netic field has been most studied. The presence of resolved
lines in its spectrum has been first reported by Preston
(1969b), and Huchra (1972) has been the first one to take
advantage of it to try to model the magnetic field struc-
ture. The most extensive sets of measurements of the lon-
gitudinal field have been published by Babcock (1958) and
by Borra & Landstreet (1977). According to the latter
authors, the longitudinal field varies between −5.4 and
+4.2 kG along the stellar rotation period of 8.d0267. When
phased together according to this period, Huchra’s (1972)
measurements of the mean magnetic field modulus and
ours agree well (see Fig. 20). The extrema of the field mod-
ulus variations coincide, to the achieved accuracy, with
those of Borra & Landstreet’s (1977) longitudinal field
curve. Our data for 53 Cam show a unusually large scat-
ter around a smooth variation curve, reflecting the rela-
tively large errors of our measurements. Indeed, the line
Fe II λ 6149.2 appears poorly suited to the diagnosis of the
field modulus of that star: the combination of rotational
Doppler effect and of particularly strong blending on the
blue side makes the separation of its components (espe-
cially the wavelength of its blue component) very diffi-
cult to determine accurately. In particular, near phase 0.1,
the components of Fe II λ 6149.2 can hardly be recognized,
and we derive a very discrepant field value. Accordingly,
our new data at best confirm that Borra & Landstreet’s
(1977) value of the period adequately matches data span-
ning a timebase of nearly 40 years. But they do not sig-
nificantly contribute otherwise to an improved knowledge
of the magnetic field of 53 Cam.
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Fig. 21. Mean magnetic field modulus of HD 70331 against
rotation phase, computed assuming that the rotation period is
3.d0308. The phase origin is HJD 2446987.10. The meaning of
the symbols is as given in Table 5

Fig. 22. Mean magnetic field modulus of HD 70331 against
rotation phase, computed assuming that the rotation period is
3.d6515. The phase origin is HJD 2447000.60. The meaning of
the symbols is as given in Table 5

Let recall that HD 65339 is a spectroscopic binary,
which has been studied in detail by Scholz & Lehmann
(1988). Its orbital period is long: 2432 d.

5.13. HD 70331

HD 70331, in which the observation of magnetically re-
solved lines is reported here for the first time, is one of
the hottest stars presently known to have this property.
Due to this high temperature, the line Fe II λ 6149.2 is
rather weak. It is furthermore quite distorted by rota-
tional Doppler effect, so that the diagnosis of the mean
magnetic field modulus cannot be done with high accu-

Fig. 23. Mean magnetic field modulus of HD 81009 against ro-
tation phase. The meaning of the symbols is as given in Table 5

racy. This probably explains at least in part why we were
not able to determine unambiguously the rotation period
of this star. There is little doubt that the latter is short,
thus that the star is seen almost pole on. Possible, but
still very questionable values are (3.0308± 0.0005) d (see
Fig. 21) or (3.6515± 0.0007) d (see Fig. 22).

The only determination of the longitudinal magnetic
field of HD 70331 performed so far yielded a value of
−2.8 kG (Mathys & Hubrig 1996).

5.14. HD 75445

We report here for the first time the presence of mag-
netically resolved lines in HD 75445. The standard devi-
ation of the 9 measurements of the mean magnetic field
modulus of this star is 42 G. This somewhat exceeds the
estimated uncertainty of our magnetic measurements: the
latter should be at most 30 G, given the good S/N ratio of
our spectra and the purity of the profile of Fe II λ 6149.2.
It seems likely that we have recorded small but real vari-
ations of the field. But for the time being, we do not
have enough data to describe them fully: it only appears
that the rotation period of the star might be significantly
shorter than the 450 days covered by our observations.

5.15. HD 81009

HD 81009 has already been extensively discussed in
Papers I through III. The presence of resolved magneti-
cally split lines in its spectrum had first been noticed by
Preston (1971a). The value of its rotation period derived
from our 39 magnetic measurements alone,

P = (33.96± 0.02) d,

is in perfect agreement with that obtained from pho-
tometry by Waelkens (1985). The phase coverage of our
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Fig. 24. Mean magnetic field modulus of HD 93507 against ro-
tation phase. The meaning of the symbols is as given in Table 5

observations is excellent. The variation of the mean field
modulus shows some anharmonicity (Fig. 23): the shape
of the variation curve near maximum is almost triangular,
while it is broader and flatter around minimum.

18 determinations of the longitudinal field, well dis-
tributed throughout the rotation cycle, have been recently
performed by G. Hill and D. Bohlender, using the tech-
nique of Hβ photopolarimetry (Hill, private communica-
tion). The variation curve is definitely anharmonic, with
〈Hz〉 raising slowly from minimum (of the order of 600 G,
close to phase 0.0) to maximum (about 2000 G around
phase 0.65), and a much steeper slope back from maxi-
mum to minimum. Mathys & Hubrig’s (1996) only mea-
surement of 〈Hz〉 (1900 G at phase 0.706) agrees well with
the data of Hill & Bohlender.

5.16. HD 93507

HD 93507 is another star that has been very little studied
until now, for which the resolution of magnetically split
lines is reported here for the first time. Its rotation pe-
riod can be determined without ambiguity from our 28
measurements of the mean field modulus:

P = (556± 22) d.

The variation of the field modulus with this period is
shown in Fig. 24. It is probably anharmonic, in particular
with a triangular shape of the curve at field minimum.
The larger scatter of the measurements close to field max-
imum is due to the fact that Fe II λ 6149.2 is considerably
weaker around this phase, and that its blue component
is heavily blended, making its wavelength very difficult to
determine accurately (see Fig. 25).

Mathys & Hubrig (1996) have determined the mean
longitudinal field of HD 93507 finding values of 1.6 and
2.6 kG at phases 0.609 and 0.911, resp.

Fig. 25. Same spectral region as in Fig. 1, as observed in
HD 93507 at the phases indicated next to each tracing. Note
that the Fe II lines λ 6147.7 and λ6149.2 are significantly
weaker around phase 0.5 than around phase 0.0

5.17. HD 94660

HD 94660 has been observed for more than 7 years within
the framework of this programme since the discovery of
its having magnetically resolved lines (Paper I). The cor-
responding measurements of its mean field modulus are
shown in Fig. 26. From their consideration, the rotation
period of the star appears to be of the same order as the
length of the time interval during which we have followed
it. This is consistent with Hensberge’s (1993) suggestion,
based on photometric observations, that this period may
be close to 2700 d. In any case, the variation of the mean
field modulus appears very anharmonic.

The four measurements of the longitudinal field of
HD 94660 carried out by Mathys (1994b) and Mathys
& Hubrig (1996) from ESO CASPEC circular polariza-
tion observations span a time interval of 2500 d, similar
to that covered by the field modulus data. The longitu-
dinal field does not appear to have varied significantly
during that time, when it was always of the order of
−2.0 kG. This implies that, if the stellar rotation period
is indeed of the order of 7 years, the longitudinal field
of HD 94660 must be essentially constant. No variation
of this field moment was found either by Bohlender et
al. (1993), from 4 Hβ polarimeter measurements spanning
1200 days, which all yield values close to −2.5 kG. Since
these measurements are contemporaneous with those of
Mathys (1994b) and Mathys & Hubrig (1996), the dif-
ference between the two sets can be safely ascribed to
the different measurement techniques. Such discrepan-
cies between Hβ and CASPEC measurements are not
unusual indeed (Mathys 1991). Similarly, the −3.3 kG
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Fig. 26. Mean magnetic field modulus of HD 94660 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

value derived by Borra & Landstreet (1975) through Hα
photopolarimetry is, given its estimated uncertainty of
0.5 kG, only marginally different at most from the mea-
surements of Bohlender et al. (1993), all the more because
there may be some scaling error between the Hα and Hβ
data.

The radial velocity of HD 94660 is definitely variable.
The determination of the orbital elements of this spectro-
scopic binary is beyond the scope of the present paper.
But it can be noted that its orbital period should not be
much longer than 2 years: that is, it is much shorter than
the stellar rotation period.

5.18. HD 110066

The 4 observations obtained so far of HD 110066, in which
the presence of magnetically resolved lines has first been
reported in Paper III, cover only about 1/5 of its proba-
ble rotation period of 4900 d (Adelman 1981). They are
therefore mostly inconclusive as far as the field variabil-
ity is concerned, all the more because two of them were
performed with AURELIE and the other two with the
KPNO coudé spectrograph (the existence of systematic
differences between AURELIE data and measurements
made with other instruments is discussed in relation with
other stars). It can just be noted that the four measure-
ments cluster around 4.1 kG, while Preston (1971a) had
estimated a surface field of 3.6 kG from differential line
broadening – again, there may be systematic differences
between this technique and measurements of line splitting.

Five measurements of the longitudinal field, obtained
over an interval of 2 years, have been published by
Babcock (1958). None of them exceeds 300 G. A null mea-
surement was also obtained recently through Hβ photopo-
larimetry.

Fig. 27. Mean magnetic field modulus of HD 116114 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

5.19. HD 116114

As for HD 110066, the discovery of resolved magnetically
split lines in HD 116114 has been reported in Paper III.
The 18 measurements of the mean field modulus per-
formed since the discovery time are shown in Fig. 27. For
a long time, it seemed that this field moment did not un-
dergo any significant variation. But recent observations
show hints of a slow increase, suggesting that we have
just witnessed the field minimum in a star with a period
much longer than 3 years. The standard deviation of the
whole set of measurements, 50 G, is rather large for one
of the stars where the field diagnosis is easiest and should
be achievable with the best accuracy. This view is fur-
thermore supported by the fact that if the 1995 data are
excluded from the set of measurements, the standard de-
viation of the latter is reduced to 31 G.

The only determination of the longitudinal magnetic
field of HD 116114 obtained so far yielded a value of
−1.9 kG (Mathys & Hubrig 1996).

The radial velocity of HD 116114 has been slowly,
monotonically increasing from 4 to 7 km s−1 between our
first and last observations: the star appears to be a spec-
troscopic binary with a period longer than 3.5 years. The
low amplitude of the variations and the long timescale
over which they occur probably explain why they were
not detected by Abt & Willmarth (1994).

5.20. HD 116458

HD 116458 is the first star with resolved magnetically split
lines that has been discovered within the framework of the
present programme (Papers I and II). Its rotation period,
147.d9, has been determined by Hensberge (1993) from
photometric observations and shown to be consistent with
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Fig. 28. Mean magnetic field modulus of HD 116458 against
rotation phase. The meaning of the symbols is as given in
Table 5

the longitudinal field data of Albrecht et al. (1977) and
of Mathys (1991). The revision of the latter by Mathys
(1994b) does not question this conclusion, which is also
consistent with the more recent measurements of Mathys
& Hubrig (1996). The longitudinal field appears to vary
between −1.4 and −2.4 kG.

In contrast, the field modulus shows no significant vari-
ation. The standard deviation of our 15 measurements of
this quantity is only 30 G, one of the smallest of the whole
sample of stars studied here. It can be seen in Fig. 28 that
these measurements are well distributed throughout the
stellar rotation cycle.

It may also be noted that this star is a spectroscopic
binary with an orbital period (126.d18, Dworetsky 1982)
shorter than its rotation period.

5.21. HD 119027

We report here for the first time the observation of
resolved magnetically split lines in HD 119027. It is
the faintest star having this property presently known.
Furthermore, it is one of the stars of the present sam-
ple with the weakest Fe II lines. For these reasons, our
field modulus determinations for HD 119027 are probably
somewhat less accurate than those of other stars that we
have studied. But there is little doubt that the large stan-
dard deviation (162 G) of our twelve measurements of this
star reflects the observation of actual variability. Our data
are insufficient to establish the period of these variations.
However, significant changes seem to occur on timescales
of the order of one month. On the other hand, HD 119027
is a rapidly oscillating Ap star in which Martinez et al.
(1993) did not detect any significant photometric modu-
lation due to rotation over 19 days. It seems that the only
way to reconcile this with our own data is to assume that

the star may have a period of rotation of the order of a
few weeks, but that its surface brightness is fairly homo-
geneous.

5.22. HD 126515

HD 126515 is also known as Preston’s star, since Preston’s
(1970) discovery that it has resolved magnetically split
lines. This is one of the four stars for which, before this
work, the variations of the mean field modulus had been
studied throughout the rotation period. The latter, as a
matter of fact, had been determined by Preston (1970)
from his field modulus measurements, spanning a time-
base of 12.5 years. The value that he had found, 130.d0,
is consistent with the value of (129.99 ± 0.04) d deter-
mined by North & Adelman (1995) from Geneva and
Strömgren photometric observations collected between
1971 and 1994.

When we plot Preston’s (1970) and our mean magnetic
field modulus measurements together against phase, there
appears to be a systematic intensity shift between the two
sets. In order to obtain a quantitative estimate of it, we
fitted the variation with phase of each set separately by
a sinusoid, using North & Adelman’s (1995) value of the
rotation period. The mean value over the stellar rotation
period of the field modulus determined in that manner
from Preston’s (1970) data is 13485 G, while from our
measurements it is 12735 G: hence the two sets differ sys-
tematically by 750 G. Such a difference, which is of the
order of 6% of the mean field value, can probably be ex-
plained by systematic effects (e.g., difference of instrumen-
tal polarization) between the measurements performed on
different spectral lines with different telescopes and spec-
trographs.

After subtracting 750 G from Preston’s (1970) data,
we combined them with our data and performed a period
search on the whole set. The value of the period derived
in that way, from measurements spanning 38 years, is:

P = (129.95± 0.02) d,

which is slightly more accurate but fully consistent with
North & Adelman’s (1995) value. Both Preston’s (1970)
measurements (after subtraction of 750 G) and our data
are plotted against the phase computed with this pe-
riod in Fig. 29. Figure 30 is a phase diagram, based on
the same period, of all the published measurements of
the mean longitudinal field (Babcock 1958; Preston 1970;
van den Heuvel 1971; Mathys 1994b; Mathys & Hubrig
1996). A very remarkable property of HD 126515 ap-
pears from the comparison of these two figures: the curve
of variation of its longitudinal field is extremely asym-
metric, while the variation of its mean field modulus is
much less anharmonic. This behaviour, which is similar to
that of HD 81009 (see Sect. 5.15), is at odds with those
of other stars studied in this paper for which enough
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Fig. 29. Mean magnetic field modulus of HD 126515 against
rotation phase. Asterisks represent Preston’s (1970) measure-
ments, shifted by −750 G. The meaning of the other symbols
is as given in Table 5

Fig. 30. Mean longitudinal magnetic field of HD 126515
against rotation phase. Data are from Preston (1970; open
squares), van den Heuvel (1971; crosses), Mathys (1994b; filled
circles) and Mathys & Hubrig (1996; open circles)

longitudinal field determinations are available: in all of
them, the longitudinal field varies nearly sinusoidally,
while the field modulus may show significant anharmonic-
ity.

5.23. HD 134214

We had reported in Paper III the observation of resolved
magnetically split lines in HD 134214. Our 26 measure-
ments of the magnetic field modulus of this star, obtained
at ESO and at KPNO, are all clustered around 3.1 kG,
with a standard deviation of 65 G. Since our spectra of
this fairly bright star have a good S/N ratio and since

Fig. 31. Mean magnetic field modulus of HD 134214 against
rotation phase, computed assuming that the rotation period is
4.d1456. The phase origin is HJD 2447018.10. The meaning of
the symbols is as given in Table 5

Fe II λ 6149.2 is not heavily blended, we estimate that the
uncertainty of our field modulus determinations is signif-
icantly lower than this standard deviation, hence that we
are detecting actual variations. Kreidl et al. (1994) were
unable to establish the rotation period of this rapidly os-
cillating Ap star from their photometric observations. A
period search conducted over our entire dataset yielded a
most probable value of 12.d844. It is obviously spurious,
as it would correspond to a very peculiar distribution in
phase of the observations: a cluster of scattered measure-
ments over 0.2 cycle, and a field constant throughout the
rest of the period. However, given the small amplitude of
the variations, the period search could easily be frustrated
by small systematic instrumental effects. To probe this
eventuality, we repeated it on the ESO CAT + CES data
alone. The standard deviation of these 24 measurements is
63 G. The 12.d844 period still appears, but a second peak
corresponding to

P = (4.1456± 0.0014) d

also stands out in the periodogram. This period gives a
much more convincing match to the ESO data, but in or-
der for the two KPNO measurements to be consistent with
it, one must assume that they are systematically smaller
than those of ESO by about 100 G (see Fig. 31). This
cannot be definitely ruled out, but is not easily reconciled
with the absence of large systematic difference between the
KPNO and ESO data for the other stars observed from
both sites. It can be noted that if a shift of +100 G is ap-
plied to the KPNO measurements, the standard deviation
of the whole set is slightly reduced, to 61 G.

In any event, the value of the period suggested above
must be regarded at best as tentative. Should it be the
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actual period of rotation of HD 134214, that we see mag-
netically resolved lines would imply that the star’s rota-
tion axis makes a very small angle with the line of sight,
a possibility also contemplated by Kreidl et al. (1994).
On the other hand, the period analysis performed on the
ESO data alone does not allow one to exclude even shorter
rotation periods. Nevertheless, the constraint that they
would impose on the geometry of the observation would
be even more stringent. In relation with this, it may also
be stressed that no significant Doppler effect is definitely
seen in the line profiles.

Two attempts by Mathys & Hubrig (1996) to measure
the longitudinal magnetic field of HD 134214 gave null
results.

5.24. HD 137909

HD 137909 (= β CrB) is one of the brightest and best
studied Ap stars. The presence of magnetically resolved
lines in its spectrum has first been reported by Preston
(1969c). Systematic determinations of the mean magnetic
field modulus throughout the rotation period have been
carried out by Wolff & Wolff (1970). They have subse-
quently been used by various authors, in combination with
longitudinal field measurements, to derive constraints on
the magnetic geometry of this star (see e.g. Landstreet
1980 and references therein).

We have obtained a new set of measurements of the
mean magnetic field modulus of β CrB from observations
performed at OHP with the AURELIE spectrograph and
at KPNO. In Fig. 32, they are plotted together with Wolff
& Wolff’s (1970) data against the rotation phase calcu-
lated according to Kurtz’s (1989) ephemeris. Our mea-
surements are seen to be in good agreement with those of
Wolff & Wolff (1970) close to magnetic maximum, but the
amplitude of the variations seemed larger from the latter
than it appears from our data. This discrepancy is prob-
ably mostly spurious, as indicated by the large scatter of
Wolff & Wolff’s (1970) data around field minimum. This
scatter likely results from the difficulty of measuring the
rather weak field of β CrB around that phase on photo-
graphic spectra restricted to the blue region (where the
Zeeman splitting is smaller than in the red).

Considering our observations alone in Fig. 32, the
mean field modulus variations are seen to be strongly an-
harmonic, with a rather sharp raise toward a fairly narrow
maximum and a smoother decrease toward a broader min-
imum. However, an inconsistency between the KPNO and
OHP measurements, significantly larger than the inter-
nal scatter of each of these separate sets about a smooth
variation curve, is apparent. Because the KPNO measure-
ments were obtained contemporaneously with the OHP
data interleaved with them, the discrepancy cannot be at-
tributed to an inaccuracy of the value of the period used
nor to the occurrence of secular intrinsic changes in the
stellar field. Also the good internal consistency of each of

Fig. 32. Mean magnetic field modulus of HD 137909 against
rotation phase. Asterisks represent Wolff & Wolff’s (1970) mea-
surements. The meaning of the other symbols is as given in
Table 5

Fig. 33. Mean longitudinal magnetic field of HD 137909
against rotation phase. Data are from Mathys (1994b; filled
squares) and Mathys & Hubrig (1996; open squares)

the datasets taken independently (for instance, as we men-
tion in Sect. 6, the rms deviation of the AURELIE data
about a fit by a sine and its first harmonic is 28 G) rules
out the possibility of short timescale intrinsic variations of
the stellar magnetic field. The most likely interpretation
of the observed different behaviour of the measurements
conducted at OHP and at KPNO is that it results from
a systematic instrumental effect. As this effect appears
to depend on the rotation phase of the star, it is most
probably related to instrumental polarization. This is of
course worrisome, since if this explanation is correct, the
shape of the curve of variation of the mean field modulus
may depend on the instrument used to obtain it, which
limits its usefulness for the diagnosis of the geometrical
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Table 6. The mean longitudinal magnetic field of HD 137949

JD of first Average Standard
Reference and last n 〈Hz〉 (G) deviation

observation (G)
− 2 400 000

Babcock (1958) 36003 1 +1120 47
van den Heuvel (1971) 40315 − 40412 5 +1380 285
Wolff (1975) 41458 − 41844 9 +1569 149
Mathys & Hubrig (1996) 48782 − 49026 2 +1834 95

structure of the stellar magnetic field. This point is dis-
cussed in more detail in Sect. 6.

Notwithstanding this, there is no doubt that, as al-
ready pointed out by Wolff & Wolff (1970), there is a very
significant phase lag between the extrema of the mean
field modulus and those of the longitudinal field: compare
Fig. 32 with Fig. 33, where the longitudinal field measure-
ments of Mathys (1994b) and of Mathys & Hubrig (1996)
have been plotted against rotation phase. This implies
that the field of β CrB is not symmetric about an axis
passing through the centre of rotation of the star: this star
shows an extreme example of this property which appears
widespread among Ap stars (e.g., Mathys 1993). Modeling
of the geometry of its field using the data presented here
as well as Leroy’s (1995b) broadband linear polarization
measurements is under way, following the approach pio-
neered by Leroy (1995a). Preliminary results have been
presented by Wade (1995).

5.25. HD 137949

The mean magnetic field modulus of HD 137949 has not
significantly varied since our discovery that this star has
magnetically resolved lines in March 1991 (Paper II). Our
13 determinations of it over almost 4.5 years, all per-
formed from spectra taken at ESO with the CAT and the
CES, have a standard deviation of only 23 G. This gives
a good idea of the accuracy and reproducibility that are
achieved in the measurements reported in this paper.

The absence of detectable variation of the mean field
modulus is consistent with the lack of photometric vari-
ability in more than 7 years of observation (Deul & van
Genderen 1983), with the lack of detectable rotational
sidelobes in the pulsation frequency spectrum of this
rapidly oscillating Ap star (Kurtz 1991), and with the
constancy of its broadband linear polarization over 3 years
(Leroy 1995b).

The 23.d26 rotation period inferred by Wolff (1975)
from the consideration of her and van den Heuvel’s (1971)
longitudinal field measurements is probably not signif-
icant. Indeed, the 5 measurements of van den Heuvel
(1971), spanning 97 days, have a standard deviation of
285 G, of the same order as their probable error: in other
words, no significant variation is detected. Similarly, al-

though Wolff (1975) does not quote the uncertainty of the
nine longitudinal field determinations that she obtained
in one year, their standard deviation of 149 G is of the
same order as the typical uncertainty of such measure-
ments based on photographic spectra. The average and
the standard deviation of all the longitudinal field determi-
nations performed by various authors for HD 137949 are
summarized in Table 6. The columns are, in order, the ref-
erence of the paper where the data are published, the first
and last date of observation, the number of measurements
found in the considered reference, their average, and their
standard deviation. For Babcock’s (1958) single measure-
ment, the latter is replaced by the estimated uncertainty.
Under the hypothesis that indeed no short-term variation
is detected in van den Heuvel’s (1971) and Wolff’s (1975)
data, all the existing measurements of the longitudinal
field of HD 137949 are consistent with a slow monotonic
increase of this quantity, at a rate of ∼ 20 G/yr, since its
first determination by Babcock (1958).

This, combined with the other pieces of evidence men-
tioned above, strongly supports the view that HD 137949
is rotating very slowly. Under the assumption that its lon-
gitudinal field varies roughly sinusoidally (which is not
unusual among Ap stars), its rotation period might be
of more than 75 years: thus it would be of the same or-
der as or longer than the period of γ Equ, until now the
longest one of any known Ap star (see Sect. 5.38). Further
measurements, in particular of the longitudinal field, of
HD 137949, will be most useful to confirm the suggestion
made here.

5.26. HD 142070

Magnetically resolved lines have been discovered in HD
142070 in 1994. That this star is rotating rather quickly
was soon recognized from the contribution of Doppler ef-
fect to the profile of Fe II λ 6149.2 (clearly seen in Fig. 3)
and the occurrence of significant variations of its mean
field modulus from night to night. To this date, 22 mea-
surements of the latter have been accumulated. Their fre-
quency analysis unambiguously shows that the rotation
period of HD 142070 is

P = (3.3748± 0.0012) d.
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Fig. 34. Mean magnetic field modulus of HD 142070 against
rotation phase. The meaning of the symbols is as given in
Table 5

This makes HD 142070 the star with resolved magnetically
split lines with the shortest unambiguously determined ro-
tation period. This implies that the star must be observed
almost pole-on. Indeed, from the width of the resolved
line components, v sin i is constrained to be smaller than
5 km s−1, approximately. Assuming that the stellar radius
is at least 2.4R�, we derive for the inclination of the rota-
tion axis on the line of sight an upper limit i <∼ 8◦. That in
these conditions the modulus of the magnetic field varies
by almost 10% of its average value over a rotation cycle in-
dicates that this field must be very inhomogeneous. Note
also the very asymmetric shape of the variation curve of
the the mean field modulus (see Fig. 34).

Between our first and last observations of HD 142070,
its radial velocity has smoothly varied with a total ob-
served amplitude of 2.5 km s−1. The amplitude of the vari-
ation that has taken place since our first observation must
be larger, though, as the radial velocity must have passed
through a minimum between July 1994 and February
1995, when we have no spectra. In any case, our obser-
vations of this spectroscopic binary only cover part of its
orbital period. Accordingly, this period must be signifi-
cantly longer than 500 days.

5.27. HD 144897

Very little is known about HD 144897, a star in which the
presence of magnetically resolved lines is reported here
for the first time. The measurement of the field modu-
lus in this star is difficult and not very accurate, due to
heavy blending of Fe II λ 6149.2 on both its blue and red
wings. Nevertheless, thanks to the fairly large amplitude
of variation of the field modulus, the rotation period can

Fig. 35. Mean magnetic field modulus of HD 144897 against
rotation phase. The meaning of the symbols is as given in
Table 5

Fig. 36. Mean magnetic field modulus of HD 150562 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

be unambiguously determined from our 26 measurements
of this quantity:

P = (48.43± 0.14) d.

The corresponding phase diagram is shown in Fig. 35. Due
to the above-mentioned difficulty of measuring the field
modulus accurately, the shape of its curve of variation is
not well defined. It however appears less anharmonic than
that of other stars.

One measurement of the longitudinal magnetic field of
HD 144897 by Mathys & Hubrig (1996) yielded a value
close to +2.0 kG at phase 0.794.
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5.28. HD 150562

About all that was known of HD 150562 until now is that
it is rapidly oscillating (Martinez & Kurtz 1994). We re-
port here that it has spectral lines resolved into their mag-
netically split components. We have observed this star for
a little more than one year. During this time, its mean field
modulus has shown a slow, monotonic increase (Fig. 36).
Thus the rotation period must be significantly longer than
1 yr.

5.29. HDE 318107

The peculiarity of HDE 318107 has been discovered by
North & Cramer (1981) through a study of the open clus-
ter NGC 6405 in Geneva photometry. The observations
reported here seem to be the first spectroscopic observa-
tions of this star, from which we report the detection of
magnetically resolved lines. Due to its faintness, most of
our spectra of this star are rather noisy (the S/N ratio is
most often of the order of 70). Furthermore, Fe II λ 6149.2
is rather severely blended, especially on the blue side.
Accordingly, our measurements of the mean magnetic field
modulus are not very accurate: we estimate that their un-
certainty is of the order of 300 G. This is still significantly
less than the standard deviation of the whole set of mea-
surements, 1065 G: the latter must reflect real variations.
They appear inconsistent with the value of the rotation pe-
riod favoured by North (1987) from a study of photomet-
ric variability. Reanalyzing the photometric data (kindly
made available by P. North) together with our magnetic
measurements, we were unable to find a single period con-
sistent with both types of observations. Obviously, more
data are required. Consideration of the longitudinal field
may prove very helpful in that respect. One measurement
of that moment has been reported by Mathys & Hubrig
(1996): +2.0 kG.

5.30. HD 165474

Resolved magnetically split lines have been discovered
in HD 165474 by Preston (1971a), who determined that
the field modulus was 7.2 kG from the observation of
Zeeman doublets. This value seems significantly larger
than our own measurements, which range from 6.1 to
6.8 kG. However, from magnetic broadening of unresolved
lines, Preston (1971a) had derived a field strength of
6.6 kG, more consistent with our data. The latter have
a standard deviation of 139 G. This almost certainly in-
dicates that we are detecting real field variations, since
HD 165474 appears as one of the most favourable cases
for the accurate measurement of the mean field modulus.
Our measurements are inconsistent with the two values of
the rotation period favoured by Leroy (1995b) from his
broadband linear polarization measurements (23.d38 and
12.d02). Accordingly, we performed a frequency analysis

Fig. 37. Mean magnetic field modulus of HD 165474 against
rotation phase, computed assuming that the rotation period is
2.d54065. The phase origin is HJD 2447000.0. The meaning of
the symbols is as given in Table 5

on our data alone. One value of the rotation period seems
to stand out rather clearly:

P = (2.54065± 0.00020) d.

The corresponding phase diagram is shown in Fig. 37. One
measurement is seen to show a large deviation: it cor-
responds to a very noisy spectrum, which may explain
its behaviour. On the other hand, the ESO, OHP and
KPNO data all appear reasonably consistent with this pe-
riod. But because of the small amplitude of the variations,
and because the visibility of magnetically resolved lines
requires a rather peculiar geometry of observation with
such a short period, we feel that this value of the period
must be confirmed by additional observations before it can
be regarded as definitive. Leroy’s (1995b) linear polariza-
tion data are not useful in that respect, due to their un-
suitable distribution in time. Published longitudinal field
measurements, on the other hand, are somewhat puzzling:
while Babcock (1958) had reported a non-negligible pos-
itive value (+900 G), three null measurements have been
obtained by Mathys (1994b) and by Mathys & Hubrig
(1996), the first one in 1988 and the last two in 1992,
at an interval of two days. This appears to be purely co-
incidental: preliminary visual examination of a spectrum
recorded recently (end of July 1996) in both circular polar-
izations clearly indicates the unquestionable presence of a
quite sizeable longitudinal field. Thus 〈Hz〉 in HD 165474
turns out to show significant variability. Additional deter-
minations of this field moment should consequently prove
most useful to derive a definite value of the rotation pe-
riod.
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Fig. 38. Mean magnetic field modulus of HD 166473 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

5.31. HD 166473

We report here the discovery of the presence of resolved
magnetically split lines in the rapidly oscillating (Kurtz &
Martinez 1987) Ap star HD 166473. Our measurements of
the magnetic field modulus of this star are plotted against
Julian date in Fig. 38. It can be seen that the field was at
its maximum at the time of discovery of the resolved lines.
It remained fairly constant during our first observing sea-
son, and since then, it has been steadily decreasing. The
relative amplitude of the variation is definitely one of the
largest among the stars considered here. Minimum does
not seem to have been reached yet: the rotation period
must significantly exceed the time spanned by the obser-
vations obtained until now (3.2 yr).

Three measurements of the longitudinal field over a
time interval of 64 days are reported by Mathys & Hubrig
(1996): all yielded a field close to −2.1 kG.

5.32. HD 177765

HD 177765 is another star about which almost nothing is
known. Since we found that it has magnetically resolved
lines, we have obtained six measurements of its mean field
modulus, spanning almost two years. Their standard devi-
ation is only 19 G: the field has shown no variation during
the interval covered by the observations. HD 177765 may
well be another star with a very long period: this should
be established by future observations.

5.33. HD 187474

Didelon (1987, 1988) has discovered the presence of re-
solved magnetically split lines in HD 187474. This star
has a period of rotation of 2345 d, derived by Mathys
(1991) from his own and Babcock’s (to be also found in

Fig. 39. Mean magnetic field modulus of HD 187474 against
rotation phase. The meaning of the symbols is as given in
Table 5

Mathys 1991) longitudinal field measurements. This field
moment varies between −1.8 (at phase 0.5) and +1.8 kG
(at phase 0.0). The value of the period derived from its
consideration is supported by photometric observations
(Hensberge 1993). Our magnetic field modulus data are
plotted against the phase computed using Mathys’ (1991)
ephemeris in Fig. 39. The anharmonicity of the variation
curve is remarkable, all the more because the variation
of the longitudinal field is almost perfectly sinusoidal (see
Fig. 33 of Mathys 1991). Observations in the next two
years will be important, as they will fill the gap between
phases 0.37 and 0.66 in the field modulus curve, and as
they should in particular constrain the maximum of this
quantity.

Note also that HD 187474 is a spectroscopic binary
with an orbital period of 690 d (Leeman 1964), much
shorter than its rotation period.

5.34. HD 188041

Preston (1971a) had been the first to observe magnetically
resolved lines in HD 188041. Our 15 measurements of its
field modulus have a standard deviation of 37 G, part of
which appears to be due to the detection of real variations
of very low amplitude (probably not much more than 50 G
peak-to-peak). Indeed, there is some hint in Fig. 40 at a
systematic variation of the mean field modulus with the
phase computed with the rotation period of 223.d9 derived
by Hensberge (1993). The field modulus appears to be
maximum close to phase 0, and minimum close to phase
0.5. These extrema are close to those of the longitudi-
nal field (see Fig. 36 of Mathys 1991). Measurements of
the latter have been performed by Babcock (1954, 1958),
Wolff (1969), Mathys (1994b), and Mathys & Hubrig
(1996). It is always positive and varies with a peak-to-peak



388 G. Mathys et al.: The mean magnetic field modulus of Ap stars

Fig. 40. Mean magnetic field modulus of HD 188041 against
rotation phase. The meaning of the symbols is as given in
Table 5

amplitude not much larger than 0.5 kG, which is qualita-
tively consistent with the low amplitude of the field modu-
lus variations. Note also that significantly variable broad-
band linear polarization is measured in this star (Leroy
1995b).

5.35. HD 192678

From his broadband linear polarization measurements,
Leroy (1995b) has derived a value of 6.d4186 for the ro-
tation period of HD 192678, a star in which the detection
of magnetically resolved lines has first been reported in
Paper II. Our magnetic field modulus measurements show
a definite trend with this period, but there appears to be
a systematic shift between those obtained at OHP with
AURELIE and those obtained at KPNO. Since both sets
are well distributed throughout the rotation cycle, this
difference can be estimated just from the comparison of
the mean of the measurements of each set. For the 20
OHP measurements, this mean is 4831 G, while for the 14
KPNO points, it is 4668 G. Accordingly, in order to bring
all the data to the same scale, we subtracted 163 G from
each OHP measurement.

We then performed a period search on the whole set of
our measurements, modified as just explained. Two values
of the period stand out: 5.d6237, which is quite inconsistent
with Leroy’s (1995b) linear polarization data and must
thus be ruled out, and (6.4185 ± 0.0040) d, which is in
excellent agreement with Leroy’s (1995b) value. The latter
is used to compute the phases of our observations. The
resulting phase diagram is shown in Fig. 41.

As for other short-period stars discussed in this pa-
per, the axis of rotation of HD 192678 must make a small
angle to the line of sight, so that resolved lines can be
observed despite the rather fast rotation. As a matter of

Fig. 41. Mean magnetic field modulus of HD 192678 against
rotation phase. The meaning of the symbols is as given in
Table 5. The AURELIE data have been shifted by −163 G

fact, Doppler distortion is definitely seen in the split com-
ponents of Fe II λ 6149.2. A detailed analysis of the mag-
netic geometry of this star, taking into account not only
the present field modulus data and Leroy’s linear polariza-
tion measurements, but also the longitudinal field determi-
nations of Babcock (1958) and Glagolevskij et al. (1986),
is presented in a separate paper (Wade et al. 1996a).

5.36. HDE 335238

The presence of resolved magnetically split lines in HDE
335238 has first been reported by Preston (1971a). The
distribution of our 16 measurements of the mean field
modulus of that star along its rotation period appears
particularly unfortunate, since while 14 of them lie be-
tween 7.8 and 8.8 kG, the other two determinations yield
much higher values: 11.2 and 11.7 kG. Although this un-
usual distribution of the measurements may lead one to
wonder whether the two “discrepant” high field values
are not spurious (which might seem even more plausible
because most of our spectra of this fairly faint star are
rather noisy), their correctness is unquestionable. Indeed,
in the two spectra from which a field of more than 11 kG
is derived, all spectral lines do consistently show larger
magnetic splitting than in our 14 other observations. As
a matter of fact, Preston (1971a) had already reported
field modulus values ranging from 9.1 to 11.8 kG in HDE
335238, in excellent agreement with the measurements
presented here.

As a result of the poor phase distribution of our data,
our attempts to determine the star’s rotation period from
their consideration suffer from severe aliasing problems.
It appears that the period of HDE 335238 must undoubt-
edly be between 40 and 50 days, but there are several
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Fig. 42. Mean magnetic field modulus of HDE 335238 against
rotation phase, computed assuming that the rotation period is
44.d0. The phase origin is HJD 2447000.0. The meaning of the
symbols is as given in Table 5

possibilities in that range between which one cannot un-
ambiguously choose. The value

P = (44.0± 0.3) d

seems marginally more probable than the others (the
phase diagram obtained with this period is shown in
Fig. 42). But one cannot definitely rule out the aliases
49.d4, 47.d9, and 42.d8. Obviously, more observations of this
star are required to settle the issue of its period.

Babcock (1967) had mentioned that HDE 335238 is
magnetic, probably on the basis of spectra taken in circu-
lar polarization, but the only published determination of
its mean longitudinal field has been performed by Mathys
& Hubrig (1996), who found a value of −1.3 kG.

5.37. HD 200311

The first report in the literature of the presence of re-
solved magnetically split lines in HD 200311 is Adelman’s
(1974) mention of a private communication from Preston.
However, this property of HD 200311 had apparently been
forgotten until it came serendipitously to our attention
(Paper II). The star brightness is at the limit for obser-
vation with a 0.9 m telescope, so that our KPNO spectra
of it are rather noisy. Furthermore, since it is hot, the
line Fe II λ 6149.2 is fairly weak. Therefore our mean field
modulus measurements, especially those performed from
KPNO spectra, are not quite so accurate as for most stars
studied here. However, the amplitude of the field varia-
tions is large enough so that the stellar rotation period
can be uniquely determined from the field modulus data.
We find:

P = (51.75± 0.13) d.

Fig. 43. Mean magnetic field modulus of HD 200311 against
rotation phase. The meaning of the symbols is as given in
Table 5

We used this period to build the phase diagram shown
in Fig. 43. One clearly sees in this figure that the KPNO
data are more scattered than those from OHP about a
smooth variation curve. This reflects the limits of accuracy
mentioned above.

Like HDE 335238, HD 200311 was one of the stars
reported to be magnetic by Babcock (1967). More re-
cently, measurements of its longitudinal field have been
performed at the Special Astrophysical Observatory of the
USSR Academy of Sciences (Glagolevskij et al. 1986) and
at the Elginfield Observatory of the University of Western
Ontario (to be published separately). They range, roughly,
between −2.5 and +2.5 kG: HD 200311 appears to have a
strong, polarity reversing longitudinal field.

5.38. HD 201601

We have confirmed in Paper I Scholz’s (1979) probable de-
tection of resolved magnetically split lines in HD 201601
(= γ Equ). It is well known, mostly from the longitudinal
field measurements, that this star has a period that must
exceed 70 years (see e.g. Mathys 1991). It has sometimes
been questioned whether this period really corresponds
to the stellar rotation, or if some other effect might be
involved. A compelling argument in support of the inter-
pretation in terms of stellar rotation has recently been
presented by Leroy et al. (1994), on the basis of their ob-
servations of broadband linear polarization.

The behaviour of the mean magnetic field modulus
over the 7 years during which we have repeatedly mea-
sured it is also consistent with the long period mentioned
above: indeed, we mainly observe a slow, monotonic in-
crease (Fig. 44). There is some hint of a flattening of the
curve in the last measurements, which may suggest that
we are getting close to the field maximum. This is difficult
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Fig. 44. Mean magnetic field modulus of HD 201601 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

to ascertain though, all the more because like in other stars
discussed in this paper (e.g., HD 137909, HD 192678),
there also seem to be some systematic differences between
measurements obtained with different spectrographs (with
in particular the AURELIE data somewhat larger than the
others).

5.39. HD 208217

In the region of Fe II λ 6149.2, the spectrum of HD 208217,
in which the presence of magnetically resolved lines is re-
ported here for the first time, bears some resemblance with
that of 53 Cam (HD 65339): the lines are affected by a
fairly large rotational Doppler effect, but the magnetic
field is strong enough so that magnetic line splitting is ob-
served. However, as in 53 Cam, rotation seriously compli-
cates the determination of the mean magnetic field modu-
lus. The difficulty is even aggravated by the fact that the
blue component of Fe II λ 6149.2 is heavily blended. These
circumstances severely limit the accuracy achievable in the
diagnosis of the field modulus.

A first determination of the rotation period of HD
208217 has been made by Manfroid & Renson (1983)
from Strömgren photometry. New photometric observa-
tions, combined with the magnetic data reported here,
have allowed Manfroid & Mathys (1996) to refine this de-
termination. They found

P = (8.44475± 0.00011) d,

a value which we use here to compute the phases of our
observations. The resulting phase diagram for the mean
magnetic field modulus is shown in Fig. 45. Though as a
result of the measurement intricacies mentioned above,
it is rather noisy, there is a clear indication of a dou-
ble wave in the curve of variation of the field modulus

Fig. 45. Mean magnetic field modulus of HD 208217 against
rotation phase. The meaning of the symbols is as given in
Table 5

(Manfroid & Mathys 1996 even found the contribution of
the first harmonic to be marginally more significant than
that of the fundamental). HD 208217 is the first star with
resolved magnetically split lines known to show this be-
haviour, which should be widespread if the magnetic fields
of Ap stars generally were centred dipoles. (This does not
imply that the field of HD 208217 is a centred dipole.)

Our observations furthermore show that the radial ve-
locity of HD 208217 is variable, with a peak-to-peak am-
plitude which is at least of the order of 20 km s−1. The
orbital period of this spectroscopic binary is presently un-
known. A value of 75.d1 cannot be definitely ruled out, but
it appears more likely that the period is at least of the
same order as the time span of our observations (2 years).

5.40. HD 216018

For a long time after the discovery that HD 216018 has re-
solved magnetically split lines (reported for the first time
here), no variation of the mean field modulus of this star
has been observed. Only during the last observing season
has it started to show some trend to increase. This is il-
lustrated in Fig. 46. It appears probable that HD 216018
has a very long rotation period (much longer than the 3
years covered by our observations) and that we have first
observed it close to its magnetic minimum. More observa-
tions should allow us to confirm this.

However, the long period hypothesis already receives
some support from the three determinations of the longi-
tudinal field performed by Mathys & Hubrig (1996), 2 in
1992 on 2 consecutive nights and 1 almost one year later,
which all yield essentially the same result (+1.3 kG).

The radial velocity of HD 216018 shows a behaviour
very similar to the mean field modulus: it has remained
essentially constant over most of our observations, and it
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Fig. 46. Mean magnetic field modulus of HD 216018 against
heliocentric Julian date. The meaning of the symbols is as given
in Table 5

has started a slow decrease (by a couple of km s−1) during
the last observing season.

6. Measurement errors

As mentioned in Sect. 2, one of the difficulties encountered
in this study is to estimate the uncertainty of the mean
field modulus measurements. In many previous studies of
Ap stars, the magnetic field moment of interest (mean field
modulus, longitudinal field, crossover, quadratic field) was
derived through a least-squares fit of measurements of
some quantity characterizing the profile of a sample of
spectral lines by a function of some atomic parameters.
The standard error of the magnetic quantity determined
through this least-squares analysis could then be used
as an estimate of the internal error affecting it (see e.g.
Mathys 1994b, 1995a,b). This approach cannot be applied
to the present case, where the mean field modulus is diag-
nosed from a single line. We cannot either use the kind of
argument based on photon-counting statistics that allows
one to estimate the error of longitudinal field measure-
ments based on Balmer-line photopolarimetry (Landstreet
1982). In fact, we have no way to estimate independently
the uncertainty of the field modulus determinations for
each studied star.

However, we can take advantage of our knowledge that
the field moments for Ap stars undergo smooth, periodical
variations as a result of stellar rotation. For a significant
fraction of the stars studied in this paper, these varia-
tions, or at least a clear trend of the evolution of the field
with time, are well defined. If we fit them by an appropri-
ate mathematical function, we can use the rms deviation
of the measurements about this fit as an estimate of the
internal measurement errors for the star under consider-
ation. Actually, we may rather expect to derive in that

way an upper limit of the errors, since the mathematical
function that we fit can at best be an approximate rep-
resentation of the actual variation of the field modulus.
Once we have estimated the measurement errors in that
way for a sufficient number of stars, we can get a feeling
of how they are related to the appearance of the line pro-
files. We can in turn use this knowledge to estimate the
uncertainty of the field modulus measurements in other
stars.

The results of this approach are summarized in the last
two columns of Table 3. In Col. 5 we give, for the 20 stars
for which we judge that we can define sufficiently well the
behaviour of the field modulus, the rms deviation of our
measurements of this quantity with respect to the fit by
the mathematical function that we find most appropriate
to represent its variation.

For 7 of the stars (HD 2453, 12288, 81009, 93507,
144897, 188041, 192678), we used a simple sine function
as an approximation to the variation curve. It must be
stressed that this does not imply that we consider that
the magnetic field modulus of these stars undergoes per-
fectly harmonic variations. Simply, the accuracy of our
data does not allow us to distinguish whether there is any
significant departure from harmonicity (even less so since
we have no independent error estimate to compare with
the scatter of the observations about a sine wave). This
remark also applies to the other functions adopted to fit
the variations of other stars. In the case of HD 192678, the
AURELIE data have been shifted by −163 G before com-
puting the fit (see Sect. 5.35), so that the scatter about
the fit can be regarded as reflecting random measurement
uncertainties, but not systematic instrumental errors.

For 3 stars, HD 65339, HD 137909 and HD 142070,
our data are well represented by the superposition of a
sine wave and of its first harmonic. The poor quality, dis-
crepant measurement of HD 65399 that we have obtained
at phase 0.098 (see Sect. 5.12) was not included in the
fit, since it does not appear representative of the typical
measurement uncertainty. In the case of HD 137909, we
have pointed out in Sect. 5.24 the probable existence of
a systematic difference between the OHP and the KPNO
measurements: fitting the OHP measurements alone (by
a sine wave and its first harmonic), the rms deviation
was decreased to 28 G (compared to 43 G for the whole
dataset).

For HD 126515, the superposition of a sine wave and of
its first three harmonics gives the best fit (however, while
the third harmonic appears significant, the second one at
most marginally contributes).

On the other hand, there are several stars for which
our observations cover only a fraction of the (long) ro-
tation period, during which the field modulus variation
is essentially linear. The rms deviation given in Col. 5 of
Table 3 for those stars (HD 965, HD 150562, HD 201601)
is computed with respect to a straight line fit. In the
case of HD 201601, there is some evidence of systematic
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differences between measurements obtained at various
sites (in particular, the AURELIE data seem systemat-
ically larger than those obtained with the CES and the
KPNO coudé spectrograph). But this systematic differ-
ence is difficult to define reliably, especially because (as
noted in Sect. 5.38) HD 201601 may be nearing its mag-
netic maximum. In any case, even more than for any other
star, the rms deviation given in Table 3 for this star must
be regarded as an upper limit of the measurement uncer-
tainty. We also fitted a straight line to the last 19 measure-
ments of HD 166473 (the first four show a flattening likely
corresponding to the field maximum) and to the measure-
ments of HD 50169 except for the first and the last one.
The latter seems affected by an abnormally large error of
unidentified origin (possibly an unrecognized cosmic ray
hit on the CCD affecting the recorded line profile), while
the former, which had been obtained two years before the
following ones, lies above the extrapolation of the straight
line fit to them. (This may well indicate that at that time,
the star was around its magnetic minimum.)

As argued in Sect. 5.20, the field modulus of
HD 116458 has been regarded as not undergoing any sig-
nificant variation and the standard deviation of our mea-
surements (30 G) is taken as a good estimate of their un-
certainties. We dealt in the same manner with HD 137949
and HD 177765, since we judge that we have not observed
(yet?) any variation of their field modulus.

Finally, the distribution in phase of our observations of
HD 200311 is not sufficiently uniform to allow us to ascer-
tain the shape of the variation curve of its mean field mod-
ulus. However, since this star appears representative of a
category of observations (somewhat noisy spectra of stars
with a fairly weak line Fe II λ 6149.2, possibly affected by
some blend or distortion) for which we have no better
possibility to estimate the measurement uncertainties, we
found important to try to get at least a rough indication
of what the errors on the magnetic field modulus deter-
minations may be for it. Therefore, we fitted our data for
this star with a sine wave alone, and with superpositions
of a sine wave and of up to its first three harmonics. None
of these fits represents the observations significantly bet-
ter or worse than the others, but the standard deviations
of the data with respect to all of them fall between 320
and 355 G. Since due to its relative faintness, our KPNO
spectra of this star are rather noisy (which shows up in
the scatter of the measurements), we repeated the same
procedure with our AURELIE data alone: the rms devi-
ation was then down to around 260 G. For inclusion in
Col. 5 of Table 3, we adopt an intermediate approximate
value of 300 G for this star.

As mentioned in the beginning of this section, we re-
gard the standard deviation of the measurements of the
field modulus of a given star with respect to a fit of its
variation by a suitable mathematical function as repre-
sentative of the uncertainty affecting these measurements.
Admittedly, in some cases (e.g., HD 93507: see Sect. 3.16),

the measurement error shows some dependence on the ro-
tation phase. However, this should only occur for a very
small number of the stars under consideration, and even
for these stars, the adoption of an average value of the
uncertainty appears as the most reasonable (or even only
acceptable) approach.

The smallest values of the standard deviations appear-
ing in Col. 5 of Table 3 are of the order of 20−30 G. They
are obtained for stars in which the components of the line
Fe II λ 6149.2 are well resolved, sharp and mostly sym-
metric (not showing any distortion by rotational Doppler
effect), and not too heavily affected by blends (especially,
the unknown blending line(s) frequently affecting the blue
side of Fe II λ 6149.2 should not be too strong with respect
to the latter). In such cases the accuracy of the measure-
ments appears to be limited primarily by the accuracy of
the wavelength calibration. Indeed, the latter can be es-
timated from the rms deviation of the wavelengths of the
lines of the calibration arc spectrum with respect to the
fitted dispersion curve. This deviation is typically of the
order of 1/20 to 1/30 of a pixel. Taking as an example a
spectrum recorded with the long camera of the ESO CES,
this corresponds in wavelength units to between 0.85 and
1.3 mÅ, or in terms of magnetic field (see Eq. (1)), to be-
tween 18 and 27 G.

As the next step, we evaluated the uncertainty of the
determination of the magnetic field modulus in the stars
for which the variation of this quantity is not sufficiently
well defined to fit it by a mathematical function. For this,
we compared the profile of Fe II λ 6149.2 in those stars
with its profile in the stars discussed earlier in this section.
The resulting error estimates appear in Col. 6 of Table 3.
We are confident that these estimates should be correct
to within ±30%.

HD 59435 is the only star for which there is no entry
either in Col. 5 or in Col. 6 of Table 3. On the one hand,
estimating the measurement error from the aspect of the
profile of Fe II λ 6149.2 may not be safe, since in many
cases, this profile could only be recovered after removing
the contribution of the other component of this SB2 sys-
tem: possible additional errors may be introduced by this
operation. On the other hand, as mentioned in Sect. 5.10,
while the field modulus of this star undergoes large varia-
tions, our measurements probably do not cover a full ro-
tation cycle yet, so that their rms deviation with respect
to a mathematical fit may not be quite representative of
the measurement uncertainties. However, it appears e.g.
from the consideration of Fig. 19, that the latter should
not exceed much 50 G.

The discussion so far has been focussed onto the ran-
dom measurement errors. Our field modulus determina-
tions may plausibly also be affected by systematic errors.
The latter might introduce e.g. a constant offset of the
field values, or an incorrect scaling of the measurements.
Such effects affect all the determinations of the mean mag-
netic field modulus of a given star in essentially the same
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way: they do not show through in the dispersion of the
measurements.

As a matter of fact, two sources of systematic errors
can be readily identified in our measurements.

First, as mentioned in Sect. 2, the line Fe II λ 6149.2 is
formed in a regime of partial Paschen-Back effect, and the
interpretation of its splitting in terms of the mean mag-
netic field modulus through Eq. (1), which corresponds to
pure Zeeman effect, is only a good approximation. The
magnitude of the error that is introduced in that way de-
pends on:

- the magnetic field strength (since departures from the
Zeeman regime increase with it);

- the orientation of the magnetic field with respect to the
line of sight (as this defines the relative intensities of
the σ and π line components, which behave differently
from each other in the partial Paschen-Back regime);

- the equivalent width of the line Fe II λ 6149.2 (since the
degree of saturation also affects the relative intensities
of the σ and π components).

In fact, the field strength, its orientation, and the emer-
gent line intensity, vary from point to point on the stellar
surface. But the error introduced by neglecting the depar-
tures from the Zeeman regime is, in practice, always small,
and it is enough to estimate it for a simple representative
case. For instance, for a magnetic field of 20 kG, the ac-
tual splitting of the σ (resp. π) components is 1.021 (resp.
0.979) times the pure Zeeman splitting. Accordingly, in
the stars discussed in this paper, the systematic error in-
troduced by neglecting the departures from the Zeeman
effect should never be much larger than 2%2.

The second type of systematic errors that is definitely
present is of instrumental origin. Indeed, it has been seen
in Sect. 5 that for several stars (in particular, HD 137909,
HD 192678, and HD 201601), the field modulus measure-
ments obtained from OHP AURELIE spectra are system-
atically different from those obtained with other instru-
ments, in particular with the ESO CES and the KPNO
coudé spectrograph. As a matter of fact, all the instrumen-
tal configurations used but AURELIE yield field determi-
nations that are quite consistent, at the achieved level of
accuracy.

Because the effect varies from star to star, as well as,
for HD 137909, with rotation phase (see Sect. 5.24), we
are led to think that it results from the modification of
the linear polarization of the stellar light by the optical
train. The resulting effect may be rather complex, since
the polarization of the light emitted by the star varies
across the line profile in a manner which depends on the
structure of the magnetic field and on the geometry of

2 Note that the Landé factor of the upper level of
Fe II λ 6149.2 is known to an accuracy better than 0.009: that
is, the uncertainty that it introduces in the field measurements
does not exceed 0.3%.

the observation. The interpretation of the observed sys-
tematic measurement differences in terms of instrumental
polarization receives further support from the fact that
HD 137909, HD 192678, and HD 201601 are among the
stars for which Leroy (1995b) reports the definite detec-
tion of broad-band linear polarization. A more definite
characterization of the effect would require the knowledge
of the geometric structure of the magnetic field of the
considered stars and is therefore beyond the scope of this
paper.

The vast majority of the observations discussed in this
paper, including those performed with AURELIE, were
obtained through coudé systems. We do not believe, how-
ever, that oblique reflections on the plane coudé mirrors
can account for the modification of the polarization dis-
cussed above. Otherwise, the effect would also depend on
the position of the star in the sky: thus, it would show
through (at least, in part) as additional scatter about the
field variation curve of a given star. Such additional scatter
does not appear to contribute significantly to the rms de-
viation of the HD 137909 AURELIE measurements about
a smooth variation curve, which as reported earlier in this
section, is fully consistent with the accuracy achievable in
the wavelength calibration. In addition, there is no rea-
son to suspect that the 4-mirror coudé train of the OHP
152 cm telescope would affect the light polarization more
badly than the other coudé (or Nasmyth) systems used in
this study. Some of them actually might be expected to
be much more harmful to the stellar light polarization: for
instance, the CFHT with its train of 7 mirrors with op-
timized coatings, or the alt-alt mounted ESO CAT with
its 3 mirror system whose flat tertiary is frequently used
at very large incidences. However, there is no indication
in our data of major polarizing effect from any of these
coudé systems.

It seems much more plausible that the main source of
instrumental polarization rather is the spectrograph grat-
ing. With respect to this, it is noteworthy that AURELIE
was equipped for our observations with a “normal” grating
used in the second order, while all the other spectrographs
that we employed had echelle gratings used in higher or-
ders (that is, at high angles).

As already stressed in Sect. 5.24, the kind of systematic
effect discussed here may set a rather severe limitation to
our ability to determine the geometrical structure of the
stellar magnetic fields, since it may modify the shape of
the curve of variation of the mean field modulus (and in
particular, there is some hint that it may shift the appar-
ent phases of field extrema). Fortunately, the good consis-
tency of the data that we obtained with all instrumental
configurations but AURELIE seems to indicate that only
the latter may be significantly affected by instrumental
polarization.

Our data do not show any evidence of systematic errors
other than those discussed above.
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7. Discussion

7.1. Magnetic fields

When the study reported here started, there were in the
literature about 80 published measurements of the mean
magnetic field modulus of Ap stars. Although 12 stars
with magnetically resolved lines were known, almost all
of those 80 measurements pertained to only four of them:
HD 65339, HD 126515, HD 137909, and HD 215441. As a
result, these four stars were for a long time the Ap stars for
which the best knowledge of the magnetic field geometry
had been achieved. However, due to their small number, it
was impossible to decide confidently whether their proper-
ties were representative of those of Ap stars in general, or
if they rather were isolated unusual specimens. It was even
less feasible to use the limited data available to derive in-
formation of statistical nature, such as on the distribution
of the field strength among Ap stars, or on the relation
between field strength and other stellar properties.

The more than 750 measurements of 40 stars reported
here therefore open a wide range of new perspectives. A
number of general results that can be inferred from these
new data at the present stage (that is, in particular, prior
to any modeling effort) are discussed hereafter.

On the spectra plotted in Figs. 2 to 4, one can see that
in virtually all studied stars in which the magnetic split-
ting of Fe II λ 6149.2 is large enough, the profile of this
line comes back to (or very close to) the continuum be-
tween the two split components. There is no significant
absorption at the nominal wavelength (centre) of the line,
as should be the case if part of it was formed in regions
devoid of a magnetic field. Since there is no evidence for
extreme inhomogeneities in the distribution of iron over
the surface of any of the considered stars (nor in any Ap
star known), the observed spectra sample essentially the
whole stellar hemisphere visible at the time of observa-
tion. Therefore, it appears that the magnetic field of the
considered stars covers all (or most of) their surface or, in
other words, has a filling factor (nearly) equal to 1.

Moreover, it can also be seen in Figs. 2 to 4 that,
in most cases, the split components of Fe II λ 6149.2 are
very sharp. This indicates that the magnetic field pre-
vailing in the line forming region has a rather uniform
strength. Indeed, if very different magnetic field intensi-
ties were found at different locations on the star, locally
the lines originating from these regions of different mag-
netic fields would have different splittings. The observed
line, which is an average of them, would as a result have
broader components. We have actually mentioned in the
course of the discussion of the individual stars that a few
of them (HD 9996, HD 18078, HD 55719) appear from the
profiles of the split components of Fe II λ 6149.2 to have
magnetic fields more inhomogeneous than the bulk of the
sample.

In a number of the studied stars (pointed out in
Sect. 5), the profiles of the split components of the line

Fe II λ 6149.2 appear distorted by rotational Doppler ef-
fect. This distortion varies along the stellar rotation pe-
riod. Probably its most characteristic signature is that,
at some phases, the red component of Fe II λ 6149.2 is
deeper than its blue component, which is opposite to
the behaviour due to partial Paschen-Back effect alone.
Rotational Doppler effect masks the sharpness of the line
components. When sufficiently large compared to the line
splitting, it may also result in partial overlap of the compo-
nents of Fe II λ 6149.2, thus preventing them from reaching
the continuum at line centre.

Besides the cases when the magnetic field is too weak
to yield full splitting of sharp components and those
when rotational Doppler effect broadens the components
so much that they are no longer fully separated, there are
two stars in which the split Fe II λ 6149.2 profile fails to
come back up to the continuum at line centre: HD 166473
and HD 216018. These two cool Ap stars have very rich
spectra. It may be noted in Figs. 2 to 4 that they are
among the stars in which the unrecognized blue blend of
Fe II λ 6149.2 is strongest, and it seems probable that an-
other blend affects the centre of the line.

Thus our observations are consistent with the view
that the surface of the Ap stars is wholly covered by a
magnetic field whose strength varies within a limited range
from place to place. This result is not entirely new (see e.g.
Preston 1971b). But thanks to the high quality of our spec-
tra (as compared to the photographic ones), much more
stringent constraints can be set on the filling factor and
on the field distribution. Even more importantly, given the
large number of stars that have been studied, the above-
mentioned result can confidently be regarded as a generic
property of Ap stars.

The much increased sample of stars with fairly to well
studied magnetic field modulus (as compared with the
data available in the literature so far) also allows one to
derive statistically significant results, e.g. about the dis-
tribution of the strength and of the amplitude of variation
of the fields.

An histogram illustrating the distribution of the aver-
age 〈H〉av of the mean magnetic field modulus is shown
in Fig. 47. It is plotted from the values of 〈H〉av appear-
ing in Table 2, with this quantity defined as explained in
Sect. 43. The shaded part of the histogram corresponds to
the stars that have been observed throughout their whole
rotation cycle; the unshaded area accounts for the stars
for which only partial phase coverage has been achieved.
The highest bin of the histogram is “open” on the high
value side: it contains all stars for which 〈H〉av > 15 kG.

3 The use of 〈H〉av to characterize the strength of the mag-
netic field of the studied stars, even when the phase coverage
achieved with the presently available observations is incom-
plete, is justified by the fact that the relative amplitudes of
variation of the mean field modulus of most stars are small
(see below).
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Fig. 47. Histogram showing the distribution of the
phase-averaged mean magnetic field moduli of the 42 Ap stars
with resolved magnetically split lines presently known. The
shaded part of the histogram corresponds to those stars that
have been observed throughout their rotation cycle (see text)

The vast majority of the studied stars have average
magnetic field moduli in the range 3 − 9 kG. There are a
few, more or less isolated stars, with considerably stronger
fields. Babcock’s star, HD 215441, more than 35 years af-
ter its discovery (Babcock 1960), still stands as the record
holder, with its mean field modulus close to 34 kG. The
next strongest fields hardly reach 17 kG.

But while the high field strength tail of the distribution
seems fairly compatible with the combination of a “stan-
dard” statistical distribution (analogous to e.g. Poisson’s
law) and of small number statistics, the low field end shows
a puzzling, rather sharp cutoff. Indeed, while more than
40% of the stars of the sample have a value of 〈H〉av be-
tween 3 and 5 kG, for only 2 stars (less than 5%) is this
quantity less than 3 kG. 〈H〉av in these 2 stars, HD 29578
and HD 75445, is resp. 2782 G and 2985 G. Although it is
not clear whether a full rotation cycle of those two stars
has been sampled so far, it seems unlikely that their mean
field modulus may at any phase go much below its low-
est value found until now (resp. 2.7 kG and 2.9 kG: see
Sects. 5.7 and 5.14). As a matter of fact, there is only one
star, the SB2 HD 59435, for which some of our measure-
ments of the mean field modulus yield values significantly
lower (down to approx. 2.2 kG). But this star has one
of the largest relative amplitudes of field modulus varia-
tion, and since our observations likely cover most of its
rotation period (and in particular its mean field modulus
minimum: see Sect. 5.10 and Fig. 19), it can be regarded
as well established that the average over its rotation cy-
cle of its mean field modulus is not smaller than 3 kG.
As mentioned in Sect. 5.6, the profile of Fe II λ 6149.2 in

HD 18078 at phases where no splitting is observed is still
consistent with a field modulus of the order of 3 kG.

Thus all the data gathered so far are consistent with
the view that the average of the mean field modulus
of Ap stars over their rotation cycle is never less than
2.8 − 3.0 kG. However, we expect to be able to observe
resolved magnetically split lines for significantly weaker
fields. Indeed, taking 104 K as a representative temper-
ature for an Ap star, the thermal broadening for iron is
1.7 km s−1. Microturbulence is not thought to be large in
Ap stars: it is unlikely to exceed 2 km s−1. For the configu-
ration most used in this study, the long camera of the ESO
CES, the full width at half maximum of the instrumental
profile is 3 km s−1. Combining these three contributions
quadratically, it appears possible two resolve two lines (or
two line components) separated by 4.0 km s−1. For the
split components of Fe II λ 6149.2, this corresponds to a
limit of resolution of 1.7 kG, in the absence of any broad-
ening source other than those already considered. This
latter restriction is realistic, as can be seen from the con-
sideration of the stars with resolved lines studied here.
The uniformity of the field of most of them (and the re-
sulting sharpness of the split components of Fe II λ 6149.2)
has been stressed above. Furthermore, rotational Doppler
broadening is negligible in most cases: for a stellar radius
of 5 R� and a rotation period of 1 yr (a value reached
or exceeded by about half the stars with resolved lines
known), v sin i is smaller than 0.7 km s−1. These argu-
ments indicate that we should be able to detect magnetic
line splitting in a non-negligible number of stars with a
mean field modulus of significantly less than 3 kG. This
view is also supported by the consideration of the split-
ting of Fe II λ 6149.2 in the spectrum of HD 75445 shown
in Fig. 2 (corresponding to a mean field modulus of ap-
prox. 3 kG): clearly the components of the line could still
be (partly) resolved even if the star had a considerably
weaker field.

Thus one is led to the intriguing conclusion that the
absence among the known stars with resolved magneti-
cally split lines of any star with a phase-averaged field
modulus lower than 2.8 − 3.0 kG is not due to observa-
tional limitations but rather reflects an intrinsic stellar
property . This is somewhat unexpected, since the distri-
bution of the mean longitudinal field (the field moment
that has been most determined) is continuous, strongly
skewed toward small field values, down to the limit of de-
tectability (Landstreet 1992).

Beside the stars discussed here, we have in the course
of this project observed stars in which we failed to
detect magnetically resolved lines. The detailed study
of those (much more numerous) stars is beyond the
scope of the present work. From a preliminary inspec-
tion of their spectra, it appears that their lines ei-
ther are sufficiently broadened by rotational Doppler
effect to smear out a possible splitting by a field



396 G. Mathys et al.: The mean magnetic field modulus of Ap stars

Fig. 48. Observed average of the mean magnetic field modulus
against the Strömgren photometric index (b − y). Dots : stars
with field modulus determination throughout the rotation cy-
cle; triangles : stars with incomplete phase coverage of the field
modulus measurements. Open symbols are used to distinguish
those stars for which the photometric index is affected by the
contribution of a companion

of the order of 3 kG, or (like HD 133792, shown in Fig. 1)
have profiles so sharp and “clean” that the considered
star must have quite a weak field (probably not exceeding
1 kG), or perhaps even no field at all. In any case, there
is no flagrant inconsistency with the existence of a sharp
discontinuity in the distribution of the mean field moduli
around 3 kG.

We shall not, for the time being, attempt to inter-
pret this discontinuity, which is reported for the first time
here. To address this question properly, we consider that
it is necessary in a first stage to exploit more fully the
information contained in our observations of stars with
unresolved lines (in particular, by deriving more quanti-
tative constraints on their magnetic fields). This will be
the subject of a future work.

We shall now discuss possible correlations between the
mean magnetic field modulus and other stellar properties.

In Fig. 48, the average 〈H〉av of the field modulus is
plotted against the Strömgren photometric index (b− y).
In the figure, different symbols are used to distinguish the
stars for which full phase coverage is achieved (dots) from
those where our data only sample part of the rotation cy-
cle (triangles). Open symbols are used to single out three
stars whose colour is distorted by the contribution of a
companion: the SB2s HD 55719 and HD 59435, and the
visual binary HD 81009 (a system discussed in some de-
tail in Paper I, whose components of almost equal visual
magnitude are separated by less than 0.′′2).

Fig. 49. Observed average of the mean magnetic field modu-
lus against the Geneva photometric index Z. Dots : stars with
field modulus determination throughout the rotation cycle; tri-
angles: stars with incomplete phase coverage of the field modu-
lus measurements. Open symbols are used to distinguish those
stars for which the photometric index is affected by the con-
tribution of a companion

(b−y) is primarily a temperature indicator, in spite of
the facts that it is affected by interstellar reddening and
that the chemical peculiarities of Ap stars confer them
anomalous colours. Therefore Fig. 48 essentially illustrates
the relation between the mean magnetic field modulus and
the stellar temperature. From its consideration, it appears
that while the ∼ 3 kG lower limit of the field strength
distribution is roughly independent of the temperature,
hotter stars may have stronger fields than cooler stars. In
other words, the scatter of the possible intensities of the
field modulus for a given temperature increases with the
temperature. The inconsistency between this conclusion
and the location of HD 215441 (the star with the strongest
magnetic field known) in Fig. 48 is only apparent and due
to our neglecting the fairly strong reddening of this star
(see e.g. Stepień 1968). It is actually one of the very hottest
stars of the whole sample, if not the hottest one: if its
intrinsic (and not apparent) colour was used for the plot,
it would appear very close to the right edge.

The indications found here that hot Ap stars may
achieve higher magnetic field moduli than cool Ap stars
may bear some relation with the result that the longitu-
dinal fields of hot He weak stars and of He strong stars
are in the average stronger than those of Ap stars and of
cool He weak stars (Landstreet 1992). However, it must
be stressed that our sample is limited to stars of the latter
groups, and does not encompass any hot He weak or He
strong star (which, as a matter of fact, are too hot to show
the line Fe II λ 6149.2).
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Fig. 50. Observed average of the mean magnetic field modu-
lus against rotation period. Dots : stars with well determined
periods (open dots are used to distinguish those stars for which
our field modulus measurements do not cover the whole rota-
tion cycle); triangles : stars for which only a lower limit of the
period is known

Another photometric quantity of interest is the red-
dening-free index Z of Geneva photometry. Cramer &
Maeder (1981) had suggested the existence of a linear rela-
tion between Z and 〈H〉 for stars earlier than A5 (that is,
with the Geneva index Y > −0.110) with a field modulus
not exceeding 5 kG. This result has been questioned by
various authors (see in particular Oetken 1984). The most
recent discussion of the issue (Paper II) did not support its
validity. However, the discussion relied to some extent on
indirect determinations of the field modulus, from the dif-
ferential magnetic intensification of the Fe II lines λ 6147.7
and λ 6149.2. The relation between the latter and 〈H〉 ap-
pears at present more ambiguous than it seemed from the
consideration of the much smaller number of data avail-
able when Paper II was written (see also Takeda 1991), so
that it will have to be rediscussed. Because this discussion
calls on a number of considerations that go beyond the
scope of the present paper, and because it is especially
relevant to the study of the stars whose lines are not mag-
netically resolved, we leave it for a future work in which
those aspects will be addressed.

Therefore, the results reported in this paper are in-
sufficient to settle the question of the possible relation
between Z and 〈H〉, since a large fraction of the stars for
which new data have been obtained are either too cool or
too strongly magnetic to fall within the purported range
of validity of that relation. For the sake of completeness,
we show in Fig. 49 a plot of the mean magnetic field mod-
ulus against the Z parameter. As for the dependence on
(b− y), but somewhat more marginally, there is some in-

dication that the field strengths can span a wider range
(or have a higher upper limit) for higher absolute value of
Z. Also the absence of any star with |Z| < 0.030 is notice-
able. But these two results must be taken cautiously: the
sample of stars in which we have looked for resolved lines
is likely significantly biased toward high absolute values of
Z, since in a first stage of our study, such a high value was
one of the criteria used to select some of the candidates
to be observed.

There also seems to be some anticorrelation between
the mean magnetic field modulus and the stellar rotation
period. This is illustrated in Fig. 50, where the observed
average of the field modulus, 〈H〉av, is plotted against the
rotation period P . For stars for which only a lower limit of
the latter has been derived so far, this lower limit is shown.
35 stars appear in Fig. 50 (not enough is known about
the period of the 7 remaining stars), of which 16 have a
rotation period shorter than 150 days. Of these 16 stars,
10 have 〈H〉av > 7.5 kG, while the 19 stars with a period
longer than 150 d all have 〈H〉av < 7.5 kG. In order to
check whether this might result from a possible correlation
between the effective temperature and the rotation period,
we have in Fig. 51 plotted P against (b − y) for the stars
of our sample. From this figure, period and temperature
appear essentially independent from each other.

Let us now discuss the variations of the mean field
modulus, and their meaning in terms of geometrical struc-
ture of the studied fields.

Of all the stars for which the observations obtained un-
til now sample adequately the variations of the mean mag-
netic field modulus, only one (HD 208217) has a double-
waved variation curve, while all others only have one min-
imum and one maximum per rotation cycle. This indi-
cates that the field of these stars is generally not a centred
dipole. Indeed for such a dipole, the field would be weak-
est at the magnetic equator and strongest at the rotation
poles, and would have the same intensity at both of those
poles. Provided that the geometry of the observation is
such that both poles come alternatively into view4, there
should be two (identical) maxima and two (identical) min-
ima of the field modulus per rotation period. Statistically,
in a sample of the size studied here, there should be sev-
eral stars fulfilling the condition (i + β) > 90◦: that the
magnetic field of Ap stars is not a centred dipole, a re-
sult already clear for a number of stars, is established
here much more generally. This is even more so because
in HD 208217, the two field maxima appear different: the
field is not a centred dipole either, in spite of the double-
wave variation.

As a matter of fact, many of the 〈H〉 variation curves
show some anharmonicity. This indicates that the fields

4 That is, provided that the sum of the angles i (between the
stellar rotation axis and the line of sight) and β (between the
magnetic and rotation axes) is greater than 90◦.
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Fig. 51. Rotation period of the stars with magnetically re-
solved lines against the Strömgren photometric index (b− y).
Dots : stars with well determined periods; triangles : stars for
which only a lower limit of the period is known. Open symbols
are used to distinguish those stars for which the photometric
index is affected by the contribution of a companion

of the corresponding stars have significant non-dipolar
components (e.g., higher-order multipoles). Several of the
〈H〉 curves (HD 137909, HD 142070, probably HD 94660
and HD 187474) are not even symmetric about the phases
of their extrema. This means that their fields do not have
the property of cylindrical symmetry with respect to an
axis passing through the centre of the star. This conclu-
sion is the same as reached by Mathys (1993) from the
consideration of other field moments5 in other, (generally)
faster-rotating Ap stars: again, the present study confirms
that a result (the lack of symmetry of the magnetic field)
that could in the past be suspected to belong only to some
isolated, possibly exceptional object, is in fact widespread
among magnetic Ap stars.

The distribution of the ratio q = 〈H〉max/〈H〉min of
the maximum to the minimum of the mean magnetic field
modulus (hereafter called the relative amplitude of the
variation) is shown in Fig. 52. Again, the shaded part
of the histogram corresponds to “real” extrema (that is,
to stars observed throughout their whole rotation cycle).
Both the complete histogram and the shaded part are
strongly skewed toward small values of the ratio: this con-
sistency suggests that few of the stars for which phase cov-
erage is still incomplete will be found to have a large rel-
ative amplitude of variation of 〈H〉. This, however, makes
sense only provided that there is no relation between the

5 Note also that the curves of variation of the longitudinal
field of HD 81009 and of HD 126515 are not symmetric about
their extrema, although the field modulus curves of those stars
have that symmetry (see Sects. 5.15 and 5.22).

Fig. 52. Histogram showing the distribution of the relative am-
plitudes of variation q = 〈H〉max/〈H〉min of the mean magnetic
field modulus of the 42 Ap stars with resolved magnetically
split lines presently known. The shaded part of the histogram
corresponds to those stars that have been observed throughout
their rotation cycle. For stars for which observations well dis-
tributed in phase have not been obtained yet (unshaded part
of the histogram), a lower limit of q is used

rotation period and the variation amplitude (since the
stars with incomplete phase coverage have periods longer
in the average than the periods of the stars for which our
data sample well the rotation cycle). The possible exis-
tence of such a correlation, although it does not seem very
likely (cf. the large amplitude of variation of the short-
period star HD 65339), cannot be definitely ruled out at
present. On the other hand, it can be noted that for 7
at least of the stars with resolved magnetically split lines
currently known, q is greater than 1.25, that is, the upper
limit for a centred dipole.

Knowing the mean field modulus alone is insufficient
to characterize the geometrical structure of the stellar
magnetic field. The latter can be better (although not
uniquely) constrained from the simultaneous considera-
tion of the field modulus and of the longitudinal field,
and of their variation along the star’s rotation cycle. As
can be seen in Table 2, measurements of the longitudi-
nal field throughout the rotation period are available for
12 of the stars with magnetically resolved lines currently
known. For all of them but two (HD 9996 and HD 187474),
enough determinations of the field modulus have been per-
formed to define its variations. In Fig. 53, we have plotted
the ratio q of the extrema of the field modulus against r,
the quantity commonly used to characterize the relative
amplitude of variation of the longitudinal field. The latter
is defined as r = 〈Hz〉s/〈Hz〉l, where 〈Hz〉s is the smaller
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Fig. 53. Relative amplitude of variation q of the mean mag-
netic field modulus against the ratio of the extrema of the
mean longitudinal magnetic field. Open symbols are used to
distinguish two stars, HD 9996 and HD 187474, for which only
incomplete phase coverage is achieved by our measurements of
the field modulus

and 〈Hz〉l the larger (in absolute value) of the observed
extrema 〈Hz〉max and 〈Hz〉min of 〈Hz〉. r is negative when
the longitudinal field reverses its sign, that is (in the sim-
ple picture of dipolar field geometry) when both magnetic
poles come into view during a rotation period. r gets close
to −1 when the maximum and the minimum of 〈Hz〉 are
symmetric with respect to 0, which in the dipole model
occurs when the angle β between the dipole axis and the
stellar rotation axis is close to 90◦. Conversely, for positive
values of r, the same magnetic pole remains within view
throughout the whole rotation cycle. r tends towards 1
whenever the line of sight or the magnetic axis (or both)
become parallel to the rotation axis.

The representative points of all the stars for which the
relevant information exists are found in the lower left half
of Fig. 53. This is emphasized on the figure by the dashed
line crossing it diagonally. Thus, when the same magnetic
pole is seen at all phases, the relative amplitude of varia-
tion of the mean field modulus is small. It seems that large
variations of 〈H〉 can be observed only provided that both
magnetic poles come within view at some phase. This is
not trivial, as for a centred dipole, the field on the surface
of the star is maximum at both poles and minimum at the
equator. Even though this result is based upon a rather
small number of stars, it points towards the rather general
existence of a quite significant difference between the two
magnetic poles of Ap stars.

From the simultaneous consideration of the curves of
variation of the longitudinal field and of the mean field
modulus, one can in principle derive uniquely a simple

model of the magnetic field structure (e.g., dipole off-
set along its axis or superposition of collinear dipole and
quadrupole), provided that the extrema of 〈Hz〉 and of
〈H〉 occur at the same phases, and that the curves of vari-
ations of both quantities are symmetric with respect to
the phases of these extrema. We have shown above that
those two conditions are generally not fulfilled. Thus more
complex field models are required: we postpone their dis-
cussion to a future paper.

7.2. Rotation periods

As a by-product of the present study, we have been able
to perform or to improve the determination of the rota-
tion period of a number of stars, and to set lower limits
on the period of several others. Consequently, the num-
ber of Ap stars known to rotate with periods longer than
30 days has almost doubled, rising from 16 to 31 (assum-
ing that the fact that no variations of the magnetic field
of HD 177765 have been observed so far is due to its hav-
ing a long period). This allows a better characterization
of the slow-rotation tail of the period distribution of those
stars, as shown in Fig. 54. The shaded part of the his-
togram corresponds to those stars whose period is known,
the unshaded one to stars for which only a lower limit is
available so far. The upper bin of the histogram is “open”
towards the large values of the period. Note however that
there is currently no star showing definite evidence of hav-
ing a period that would exceed its upper boundary, if it
had the same width as the other bins (that is, if its upper
boundary was 84 years).

Fig. 54. Histogram showing the distribution of the rotation
periods of Ap stars above 30 days. The shaded part of the
histogram corresponds to stars whose actual rotation period is
known; the unshaded part to stars for which only a lower limit
of the period has been set so far
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Taking into account the fact that the stars for which
only lower limits of the period have been obtained so far
may, when they have been studied long enough, shift to
higher bins in the histogram, the distribution in Fig. 54 is
consistent with an equipartition of the long periods (say,
over 1 year) of Ap stars on a logarithmic period scale, or in
other words, with a distribution decreasing exponentially
with the period. Nevertheless, this result at present still
has a limited statistical significance, and it will be very in-
teresting (but it will require quite a long time) to see if it
remains valid as new long periods are determined. But it is
already clear that periods in excess of one year, albeit in-
frequent, are not exceptional among Ap stars. It has some-
times been questioned in the past whether these periods
do indeed correspond to stellar rotation, or if they rather
belong to intrinsic, secular field variations. Leroy et al.’s
(1994) study of γ Equ (with HD 137949 the Ap star with
the largest lower limit of the period until now) in linear
polarization strongly favours the former interpretation. It
should also be stressed that extremely slowly rotating Ap
stars do not seem to differ systematically from their faster
counterparts in any other respect (note in particular the
absence of temperature dependence for the stars of the
present sample in Fig. 51). Accordingly, the mechanisms
by which stellar rotation can be slowed down to the extent
observed in some Ap stars remain enigmatic.

At the opposite extreme, a few of the Ap stars with
magnetically resolved lines have periods of the order of one
week or less. Their interest comes not from their period
by itself (the vast majority of Ap stars have period in the
1–7 day range), but rather from its conjunction with the
appearance of resolved magnetically split lines. Indeed, the
fact that rotational Doppler effect is small with respect
to the magnetic splitting implies that the inclination of
the rotation axis with respect to the line of sight must
be (very) small. In other words, these fast rotating stars
with magnetically resolved lines are unique examples of
stars definitely seen (rotation) pole on.

7.3. Binarity and pulsation

Accurate radial velocity determinations can be performed
from the high-resolution spectra obtained for the present
study of the magnetic fields. Thanks to this, and to the
fact that we had to observe repeatedly the same stars over
long time spans, we could report in this paper the occur-
rence of radial velocity variations in 8 stars for which such
variability was not mentioned in Renson’s et al. (1991)
General Catalogue of Ap and Am stars. Our observations
also confirmed the indication given in that catalogue that
the radial velocity of HD 94660 is variable. In addition, 7
of the stars considered here belong to well studied spectro-
scopic binaries, HD 81009 is a visual binary system (dis-
cussed to some extent in Paper I), and HD 165474 is the
secondary of a visual binary whose primary (7′′ apart) is
the fast-rotating, normal A star HD 165475. The detailed

presentation of our radial velocity data and the derivation
of the orbital elements of the binary systems are beyond
the scope of this paper. For the time being, we shall re-
strict ourselves to a brief discussion of some intriguing
facts that are unveiled through a first inspection of the
measurements.

Of the 41 stars with resolved magnetically split lines
that have been repeatedly observed (that is, excluding
HD 47103), 18 appear to belong to binaries. This rate of
occurrence of binarity (44%) is between the frequencies
found by Gerbaldi et al. (1985) for SrCrEu stars (46%)
and for hot Ap stars (37%). However, 16 of the 18 Ap bi-
naries considered here have an orbital period longer than
100 d, and for at least 10 of them, the orbital period must
even exceed 1000 d. Thus the distribution of the orbital
periods of the binary systems containing an Ap star with
magnetically resolved lines is much more skewed towards
long periods than that of Ap binaries in general (see Fig. 8
of Gerbaldi et al. 1985).

The interpretation of this observational result is not
straightforward. Components of wide binaries like those
of interest here must have evolved in an essentially inde-
pendent manner. In particular, the slow rotation of the
Ap star cannot be attributed to an interaction with its
companion. As a matter of fact, there is no relation be-
tween the rotation and the orbital periods of the stars of
interest: for 6 of them the rotation period is shorter than
the orbital period, while for another 6, the orbital period
is longer (for the 6 remaining systems, the data available
so far are inconclusive).

An alternative explanation is that, rather than an ex-
cess of long orbital periods among binaries containing Ap
stars with magnetically resolved lines, what we observe in
fact is a deficiency of short orbital periods among such
binaries. In support of this idea, one may note that the
binary nature of several of the stars with resolved lines has
been established from the observation of very small radial
velocity changes (of a few km s−1) which have taken place
over quite long timescales (several years). The detection
of such minute variations was possible only because over a
long period we repeatedly obtained high-resolution spec-
tra of very slowly rotating stars (which allowed us to derive
very accurate radial velocities). For the vast majority of
Ap stars, observations have not been performed in such
favourable conditions: therefore we conjecture that a sig-
nificant number of Ap binaries with very long orbital pe-
riods may have been omitted from Gerbaldi et al.’s (1985)
study. If this assumption is correct, the frequencies of bi-
nary systems containing Ap stars obtained by Gerbaldi
et al. (1985) are underestimated. Then the occurrence of
binarity among Ap stars with magnetically resolved lines
would be lower than in Ap stars in general, due to a lack
of short orbital periods for stars with resolved lines. This
would seem to indicate that Ap stars cannot achieve slow
enough rotation to show resolved magnetically split lines
if they belong to (fairly) close binaries.
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Another remarkable result of the present study is that
6 of the 42 Ap stars with magnetically resolved lines be-
long to the group of the rapidly oscillating Ap (roAp)
stars (e.g., Kurtz 1990). To some extent, this results from
a selection bias, since due to the interest of some of us
in roAp stars (and especially in their magnetic field), we
have systematically checked all of them for possible resolu-
tion of magnetically split lines. Nevertheless, the fraction
of stars showing magnetically resolved lines appears much
higher among roAp stars (6 out of 28 roAp stars presently
known) than among Ap stars in general. There is no ob-
vious explanation for this. Let us just note that one may
possibly draw some parallel between the low frequency of
binaries among Ap stars with resolved lines (according to
the hypothesis developed above) and the absence of spec-
troscopic binaries among roAp stars (Hubrig & Mathys
1996).

8. Conclusion

Within the course of the present project, we have discov-
ered so far 29 Ap stars with resolved magnetically split
lines (16 of which are reported for the first time in this pa-
per). This raises the number of such stars presently known
to 42, compared to 12 when we started this study (the
42nd star with magnetically resolved lines has been dis-
covered more recently by Babel et al. 1995). As of end of
August 1995, we had performed more than 750 measure-
ments of the mean magnetic field modulus of 40 of those
42 stars (compared to about 80 measurements in the lit-
erature at the time of the beginning of our investigation).
Those measurements, in the most favourable cases (more
than one third of the studied stars), reach an unprece-
dented accuracy (25−30 G). Our study brought the num-
ber of stars with field modulus measurements sampling
(fairly) well the rotation cycle from 4 to 16. For a few
more stars good phase coverage should soon be achieved.
These achievements allowed us to discuss various aspects
of the magnetism of Ap stars in greater generality and
on sounder statistical grounds than had previously been
possible.

As part of our search for resolved magnetically split
spectral lines in Ap stars, we have, of course, achieved a
large number of negative results. These are not without
interest (in particular, they can still be used to derive
constraints on the magnetic fields of the considered stars,
as well as on their projected equatorial velocity). Their
analysis will undoubtedly allow us to complement and to
refine some of the results reported here, and we intend to
devote a future publication to their presentation.

In the future, we aim at completing progressively the
phase coverage of the variations of the field modulus of
the stars with resolved lines for which the measurements
presented in this paper sample only partly the rotation
period. Particular attention is paid to the very slowly ro-
tating stars, for which a good knowledge of the field may

prove essential for the understanding of the braking mech-
anisms that must have been (and possibly still are) at
work. Since the simultaneous consideration of the varia-
tions of the field modulus and of the longitudinal field is
required to derive meaningful constraints on the field ge-
ometrical structure, and since enough determinations of
〈Hz〉 are available at present for less than a dozen stars
with magnetically resolved lines, we have also undertaken
a systematic study of the longitudinal field of the other
stars of that type.
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magnétique solaire et stellaire, Mein N., Sahal S. (eds.).
Observatoire de Paris-Meudon (in press)

Leroy J.L., 1995b, A&AS 114, 79
Leroy J.L., Bagnulo S., Landolfi M., Landi Degl’Innocenti E.,

1994, A&A 284, 174
Leroy J.L., Landolfi M., Landi Degl’Innocenti M., et al., 1995,

A&A 301, 797
Lindgren H., Gilliotte A., 1989, The Coudé Echelle
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