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Abstract. In this paper we report magnetic field models and
basic physical parameters for the slowly rotating Ap/Bp stars
HD 12288 and HD 14437.

Using new and previously published mean longitudinal
magnetic field, mean magnetic field modulus, andhipparcos
photometric measurements, we have inferred the rotational pe-
riods of both stars (HD 12288:Prot = 34.d9 ± 0.d2; HD 14437:
Prot = 26.d87 ± 0.d02). From the magnetic measurements we
have determined the best-fit decentred magnetic dipole con-
figurations. For HD 12288, we find that the field geometry is
consistent with a centred dipole, while for HD 14437 a large de-
centring parameter(a = 0.23 R∗) is inferred. Both stars show
one angle in the ambiguous(i, β) couplet which is smaller than
about20◦. This is consistent with the observation of Landstreet
& Mathys (2000), who point out that almost all magnetic Ap
stars with periods longer than about30 days exhibit magnetic
fields aligned with their rotational axis.
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1. Introduction

A significant fraction of all A-type and late B-type stars have
strong, globally ordered magnetic fields. However, models of
the surface magnetic field configuration exist for only a handful
of these objects. Because these magnetic fields convey infor-
mation about the formation and pre-main sequence history of
these stars (e.g. Moss 1989), offer a means to probe the struc-
ture and dynamics of the stellar interior (e.g. Moss 1990), and
strongly influence other important physical processes occurring
in the stellar envelope (e.g. Babel & Michaud 1991; Babel 1992;
Landstreet et al. 1998), a much broader understanding of their
magnetic characteristics is required. In this paper, as part of
a continuing programme aimed at constructing magnetic field
models for stars throughout the F0-B2 temperature range, we
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report magnetic field geometry models and basic physical prop-
erties of two stars: the A2p CrSi star HD 12288 and the B9p
CrEuSi star HD 14437.

Magnetically split lines were first observed in the spec-
trum of the A2p CrSi star HD 12288 (=BD+68 144=HIP 9604;
V = 7.75) by Preston (1971). Mathys et al. (1997) obtained
20 measurements of the mean magnetic field modulusBs (also
known as the surface field) of this star within the context of a
broad survey of magnetic fields in sharp lined Ap stars. They also
discovered that this object is a spectroscopic binary (SB1), with
a radial velocity amplitude of at least 16 km s−1 and an orbital
period of at least 4 years. Leroy (1995) noted a strong interstel-
lar polarisation toward this star, and was unable to measure the
broadband linear polarisation variation. Both the trigonometric
parallax and photometric variation of HD 12288 were obtained
by thehipparcos satellite.

Magnetically split lines were reported in the spectrum of the
B9p CrEuSi star HD 14437 (=BD+42 502=HIP 10951;V =
7.26) by Mathys et al. (1993). Mathys et al. (1997) reported
17 measurements ofBs, but were unable to determine a unique
rotational period. The trigonometric parallax and photometric
variation of HD 14437 were also obtained by thehipparcos
satellite.

2. Observations

2.1. Longitudinal magnetic field measurements

The longitudinal magnetic field represents the disc-integrated
line-of-sight component of the magnetic field. Observations of
the longitudinal fields of HD 12288 and HD 14437 were ob-
tained at the Special Astrophysical Observatory of the Russian
Academy of Sciences (SAO) and at the University of Western
Ontario Elginfield Observatory (UWO).

2.1.1. SAO measurements

Thirteen longitudinal field measurements of HD 12288 and 28
measurements of HD 14437 were obtained at the SAO, using
the 6 metre telescope and main stellar spectrograph equipped
with an achromatic circular polarisation analyser. SAO mag-
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netic data obtained before JD 2445901 were recorded on Ko-
dak IIaO photographic plates, with a reciprocal linear dispersion
of 9 Å/mm. Those obtained after JD 2450000 were measured
from CCD spectra, recorded using the spectroscopic CCD with
a reciprocal linear dispersion of14 Å/mm. The longitudinal
field was inferred from measurements of the relative displace-
ment of spectral lines in the left and right circular polarisation
spectra. Quoted uncertainties are at the 1σ level, and were com-
puted from the distribution of the displacement measurements.
The SAO equipment and observing technique are described by
Glagolevski et al. (1986) and Borisenko et al. (1991).

In addition to the spectropolarimetric measurements, two
measurements of HD 14437 obtained on JD 2449555 and
2449556 were acquired using the SAO photoelectric Balmer
line magnetometer. This instrument is similar in principle to the
UWO photoelectric polarimeter described below.

2.1.2. UWO measurements

Seven longitudinal field measurements of HD 12288 and 6 mea-
surements of HD 14437 were obtained at UWO. The UWO
photoelectric polarimeter was used as a Balmer line Zeeman
analyser at the UWO 1.2 metre telescope. The polarimeter mea-
sures the fractional circular polarisation in the wings of Hβ,
isolated using narrowband interference filters, at±5.0 Å from
line centre. It has been shown (Landstreet 1982) that the polari-
sation thus measured is linearly related to the mean longitudinal
magnetic field. For these observations, mean conversion factors
γ = 12400 G andγ = 13200 G per percent circular polarisation
were found respectively for HD 12288 and HD 14437 from Hβ
line scans. Uncertainties associated with the UWO measure-
ments were determined from photon counting statistics, and are
at the 1σ level. A more detailed description of the instrument
and observing technique is given by Landstreet (1980).

As will become apparent, the different measurement tech-
niques described above can result in systematic differences be-
tween the longitudinal field as measured using metallic lines
(denoted〈Hz〉) and that measured using Balmer lines (denoted
B`). We will retain these different symbols to help reinforce
that the two methods do in fact measure somewhat different
quantities, and we should therefore not expect them to be fully
consistent.

2.2. Mean magnetic field modulus measurements

Respectively 28 and 32 spectroscopic observations of HD 12288
and HD 14437 were obtained by Mathys et al. (1997) and
Mathys et al. (1999) in the context of a larger study of mag-
netic fields in Ap stars. From these spectra measurements of
the mean magnetic field modulusBs were obtained. The field
modulus, which represents the disc integrated strength of the
magnetic field, was inferred from fits to the magnetically split
components of the FeII λ6149.2 Zeeman doublet. The relevant
observing, reduction and analysis procedures are described in
detail by Mathys et al. (1997).

For HD 12288 the mean value ofBs is 7978 G, with a
minimum measured value of 7439 G and a maximum value
of 8496 G, while for HD 14437 the mean value of is 7665 G,
with a minimum measured value of 7024 G and a maximum
value of 8219 G. For HD 14437 Mathys et al. (1997) estimate
the uncertainty of individual measurements to be about 200 G.
While Mathys et al. do not estimate the uncertainty of individual
measurements for HD 12288, they do provide the rms deviations
(120 G) about the best-fit curve. We provisionally adopt this
value as the 1σ uncertainty of individual measurements.

2.3. hipparcos photometry

Respectively 164 and 100 photometric measurements of
HD 12288 and HD 14437 were obtained in the context of the
hipparcos mission, in thehipparcos photometric system de-
scribed in Volume 1 of Thehipparcos and Tycho Catalogues
(ESA 1997). The measured magnitude (in thehipparcos pho-
tometric system) of HD 12288 is 7.779 with an rms scatter of
0.016 mag, while that of HD 14437 is 7.258 with an rms scat-
ter of 0.013 mag. The photometry is available in Volume 17 of
thehipparcos Catalogue, CD-ROM no. 3 (ESA 1997). In the
following analysis a single spurious observation of HD 14437
(obtained on JD 2448844.510) and two spurious observations of
HD 12288 (obtained on JD 2448024.534 and JD 2448313.639)
have been removed.

3. Rotational periods

3.1. HD 12288

Lomb-Scargle periodograms (Press & Rybicki 1989) of each
of the 3 datasets were computed in the period range 1-100
days. Thehipparcos photometry periodogram displays a sin-
gle strong peak at35.d3 ± 0.d6, while the longitudinal field pe-
riodogram displays a single strong peak at35.d0 ± 0.d5. This
indicates that the rotational period lies within the unique range
34.d5 − 35.d9. In the periodogram of the field modulus mea-
surements, only one strong peak (the strongest peak in the pe-
riodogram at34.d9 ± 0.d2) falls within this unique range. This
period is consistent with that reported by Mathys et al. (1997)
and by Wolff & Morrison (1973), and in particular rules out
periods near 1 d reported by the latter authors. We have adopted
the field modulus period as the rotational period of HD 12288
and phased all data according to the ephemeris:

JD = 2448499.87 + 34.d9 · E, (1)

where the zero point corresponds to an epoch of field modulus
maximum.

The phased data are shown in Table 1 and in Fig. 1. While
the UWO data describe an approximately sinusoidal variation
when phased according to the adopted ephemeris (χ2/ν = 1.0
for a first-order Fourier fit), the SAO data do not (χ2/ν = 9.5).
A careful examination of the SAO data shows that observations
obtained at similar rotational phases are consistent within their
error bars, suggesting that the SAO error bars are not underes-
timated and that the large reducedχ2 for a first-order fit results
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Table 1. Journal of longitudinal magnetic field observations of
HD 12288 obtained using the UWO photoelectric polarimeter (UWO)
and the SAO Zeeman analyser (SAO). Phases are calculated from the
ephemeris cited in the text andσB is the 1 standard deviation uncer-
tainty.

JD-240 0000 Phase B` ± σB (G) Observatory

49949.860 0.639 −1200 ± 520 UWO
49975.803 0.382 −320 ± 370 UWO
50257.784 0.462 −220 ± 360 UWO
50761.608 0.898 −1870 ± 500 UWO
50774.310 0.262 −896 ± 78 SAO CCD
50855.383 0.585 −846 ± 128 SAO CCD
50855.398 0.585 −880 ± 170 SAO CCD
50861.309 0.755 −1674 ± 214 SAO CCD
50861.326 0.755 −1440 ± 137 SAO CCD
51040.485 0.889 −2678 ± 92 SAO CCD
51064.384 0.573 −986 ± 90 SAO CCD
51184.132 0.005 −3090 ± 103 SAO CCD
51184.163 0.006 −3060 ± 94 SAO CCD
51239.217 0.583 −740 ± 80 SAO CCD
51253.635 0.996 −3160 ± 430 UWO
51267.651 0.398 −630 ± 560 UWO
51274.619 0.597 −530 ± 470 UWO
51452.180 0.685 −1100 ± 130 SAO CCD
51453.233 0.715 −1240 ± 120 SAO CCD
51477.374 0.407 −860 ± 100 SAO CCD

from real departures from such a variation. Indeed, if we fit the
SAO data using a second-order Fourier fit, the reducedχ2 drops
to 0.8. Such departures from a pure sinusoid may well be due
to abundance inhomogeneities, which would be detected in the
metallic line observations, but not in the Balmer line data (as
observed).

When the field modulus and photometric measurements are
phased according to this ephemeris they describe approximately
sinusoidal variations, with reducedχ2s 1.3 (field modulus) and
1.2 (photometry).

3.2. HD 14437

Periodograms of each the 3 datasets have been computed in the
period range 1-100 days. The periodogram of thehipparcos
photometry displays only one prominent peak at26.d65+0.7

−0.3, and
clearly indicates that the rotational period is within the unique
range 26.35-27.35 days.

The periodogram of the field modulus measurements shows
a single peak within the unique period range defined by the
photometry, at26.d83+0.2

−0.15.
The periodogram of the longitudinal field measurements

shows a series of sharp peaks within the range defined by the
photometric and field modulus data. The strongest of these is at
26.d87 ± 0.d02. The very long timespan (17.5 years) over which
the longitudinal field measurements were obtained allows us to
determine the rotational period very precisely. We adopt the lon-

Table 2. Journal of longitudinal magnetic field observations of
HD 14437 obtained using the SAO Zeeman analyser with photographic
plates (SAO PG), the SAO Zeeman analyser with CCD (SAO CCD),
the SAO Balmer line magnetometer (SAO BLM) and the UWO photo-
electric polarimeter (UWO). Phases are calculated from the ephemeris
cited in the text andσB is the 1 standard deviation uncertainty

JD-240 0000 Phase B` ± σB (G) Observatory

44655.208 0.885 −1620 ± 255 SAO PG
44656.308 0.926 −1030 ± 255 SAO PG
44659.188 0.033 −440 ± 255 SAO PG
44660.196 0.070 −800 ± 210 SAO PG
44860.541 0.526 −2280 ± 165 SAO PG
45303.354 0.006 −1230 ± 180 SAO PG
45303.362 0.007 −1020 ± 165 SAO PG
45476.541 0.452 −2080 ± 280 SAO PG
45900.493 0.230 −2040 ± 165 SAO PG
49555.472 0.254 −1340 ± 380 SAO BLM
49556.420 0.289 −1710 ± 460 SAO BLM
50086.731 0.025 −1410 ± 570 UWO
50087.594 0.058 −1430 ± 490 UWO
50093.587 0.281 −1910 ± 320 UWO
50320.823 0.738 −2680 ± 290 UWO
50326.820 0.961 −1270 ± 260 UWO
50335.813 0.295 −2330 ± 380 UWO
50413.523 0.187 −2040 ± 450 SAO CCD
50414.125 0.210 −2310 ± 420 SAO CCD
50415.217 0.251 −2460 ± 405 SAO CCD
50415.240 0.251 −1940 ± 270 SAO CCD
50415.269 0.252 −2570 ± 270 SAO CCD
50499.196 0.376 −2650 ± 390 SAO CCD
50499.221 0.377 −2600 ± 240 SAO CCD
50500.161 0.412 −2460 ± 330 SAO CCD
50500.188 0.413 −2050 ± 375 SAO CCD
50617.507 0.779 −1820 ± 390 SAO CCD
50643.521 0.747 −1360 ± 165 SAO CCD
50705.451 0.052 −1330 ± 315 SAO CCD
50706.410 0.088 −960 ± 165 SAO CCD
50707.412 0.125 −830 ± 150 SAO CCD
50709.602 0.206 −1370 ± 165 SAO CCD
50710.432 0.237 −2110 ± 180 SAO CCD
51039.465 0.483 −2770 ± 80 SAO CCD
51040.529 0.522 −2950 ± 90 SAO CCD
51064.370 0.410 −2360 ± 120 SAO CCD

gitudinal magnetic field period as the rotational period of HD
14437.

The magnetic data have therefore been phased according to
the ephemeris:

JD = 2448473.846 + 26.d87 · E, (2)

where phase 0.0 refers to the epoch of longitudinal field maxi-
mum.

The phased data are shown in Table 2 and in Fig. 1. The lon-
gitudinal field data subsets agree reasonably well (considering
the somewhat sparse phase coverage of theB` measurements),
and the reducedχ2s of the individual subsets are 0.6 for the
B` measurements and 3.0 for the metallic line measurements.
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Fig. 1.Mean magnetic field modulus (in G), mean longitudinal magnetic field (in G:Open circles –SAO Zeeman analyser CCD measurements
Open squares –SAO Zeeman analyser photographic plate measurementsSolid circles –UWO/SAO Balmer line measurements), andhipparcos
photometry (in mag) variations of HD 12288 and HD 14437, phased according to the ephemerides described in the text. The curves are least-
squares Fourier fits to the data. In the centre frames, the solid curves correspond to theB` measurements, while the dashed curves correspond
to the〈Hz〉 measurements.

All three datasets describe approximately sunusoidal variations,
with reducedχ2s of 2.5 (combined longitudinal field), 0.9 (field
modulus) and 1.1 (photometry).

4. Magnetic field geometries

To determine the magnetic field configurations of HD 12288
and HD 14437 we have assumed a decentred dipole magnetic
field and calculated longitudinal field and mean field modulus
variations for a range of geometries. The four free parameters
in the models are the inclination of the stellar rotational axis
to the observer’s line of sighti, the inclination of the magnetic
dipole axis to the rotational axisβ, the polar strength of the
magnetic dipole (when centred)Bd, and the decentringa of the
magnetic dipole as a fraction of the stellar radius, in the direc-
tion of the magnetic axis. These four parameters are determined
formally by our four independent observational constraints on
the magnetic field: the (two) extrema of the average longitudi-
nal field and the (two) extrema of the mean field modulus curve.
Searching parameter space for those models consistent with the
observations, we find we can describe the observed variations
within their errors for the ranges of parameters shown in Ta-

ble 3. An ambiguity exists between the two angular parameters
i andβ which is a fundamental result of such an axisymmetric
magnetic field; we can identify two unique angles, but we can
associate neither explicitly with the inclinationi nor the obliq-
uity β. For stars like these with smallv sin i it can usually only
be resolved using linear polarisation observations, although we
will revisit this point in Sect. 6.

The observed and computed longitudinal field and field
modulus variations of HD 12288 and HD 14437 are shown in
Fig. 2.

5. Basic physical parameters

Using the trigonometric parallaxes of HD 12288 and HD 14437
obtained in the context of thehipparcos mission, Gomez et
al. (1998) have determined the absolute visual magnitudes of
HD 12288 (MV = 0.5) and HD 14437 (MV = 0.4) using the
so-called LM method. The uncertainties associated with these
values are about±0.4 mag based on the parallax uncertainties
reported byhipparcos (ESA 1997).

The effective temperatures of these stars can be estimated
from Geneva photometry (e.g. Hauck & North 1993). Us-
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Fig. 2.Observed and computed lon-
gitudinal field and field modulus
variations of HD 12288 (left frame)
and HD 14437 (right frame). The
solid curves are the calculations
assuming the adopted models de-
scribed in Table 3. The dashed
curves represent the best pure dipole
model achieved for HD 14437

Table 3.Adopted rotational periods and magnetic field geometries for HD 12288 and HD 14437.φ+ is the phase at which the positive magnetic
pole passes closest to the subsolar point

Prot (i,β) Bd a φ+

(d) (◦) (kG)

HD 12288 33.9 ± 0.2 (119 ± 6, 21 ± 6) 11.8 ± 0.5 +0.01 ± 0.04 0.45 ± 0.1
HD 14437 26.87 ± 0.02 (115 ± 6, 14+9

−4) 13.5+1
−0.5 0.23 ± 0.06 0.05 ± 0.15

ing Geneva photometric measurements published by Hauck &
North (1982) we obtainTeff = 8425±300 K for HD 12288 and
Teff = 9285 ± 300 K for HD 14437. From the bolometric cor-
rection relation by Code et al. (1976) we adopt zero correction
for HD 12288, andBC = −0.1 for HD 14437. The luminosities
of both stars are then given by:

L

L�
= 10

−
(Mbol − M�

bol

2.5

)
, (3)

for M�
bol = +4.71 (Gray 1992). This information is sufficient

to uniquely locate both stars on the H-R diagram, and they are
shown along with model evolutionary tracks (Schaller et al.
1992) in Fig. 3.

From Fig. 3 we can determine the masses and ages of these
objects. Furthermore, from the luminosity and effective tem-
perature we can infer the radii, and hence the surface gravities,
using the expressions:

R

R�
=

( L

L�

)0.5
·
( T

T�

)−2
, (4)

Table 4.Derived basic physical properties of HD 12288 and HD 14437

HD 12288 HD 14437

Teff (K) 8425 ± 300 9285 ± 300
L/L� 48+24

−15 58+26
−18

R/R� 3.3 ± 1.0 3.0 ± 0.8
M/M� 2.37 ± 0.15 2.50 ± 0.15
log g 3.8 ± 0.3 3.9 ± 0.3
log(Age) 8.75 ± 0.07 8.60 ± 0.1

and

log g = log g� + log
M

M�
− 2 log

R

R�
. (5)

The basic physical properties of HD 12288 and HD 14437 are
summarised in Table 4.

6. Discussion and conclusions

Both HD 12288 and HD 14437 exhibit one angle in the am-
biguous(i, β) couplet which is smaller than∼ 20◦. This is
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consistent with the observation of Landstreet & Mathys (2000),
who find, in a sample of 13 magnetic Ap stars with rotational
periods longer than∼ 30 days, that 10 stars (77%) exhibit in
the ambiguous couplet one angle smaller than30◦. Because
inclination angles smaller than30◦ are very improbable (the
probability of findingi < 30◦ is only about 13.4%; Landstreet
& Mathys 2000) they infer that these angles represent the mag-
netic obliquityβ. Can we assume that this also applies for HD
12288 and HD 14437 (i.e. that the larger angles represent the
inclinations of the rotational axes)? One test of this assumption
is to determine whether the assumed inclination angles, when
considered along with the inferred radii and rotational periods,
are consistent with the observed projected rotational velocities
(v sin i ∼< 5 km s−1). We calculatev sin i from the expression:

v sin i =
50.6
P

R

R�
sin i, (6)

and findv sin i = 4.2 km s−1 for HD 12288, andv sin i =
5.1 km s−1 for HD 14437. These values are consistent with the
observational constraints, especially for HD 12288 given the
report by Mathys et al. (1997) of line profile distortion due to
rotational Doppler effect. Therefore the large angles in Table 3
appear to be compatible with the expected inclination angles.

Adopting therefore the argument of Landstreet & Mathys
(2000), we find that our observations of HD 12288 and HD
14437 support their conclusion, namely that for stars with long
rotational periods the magnetic axes are approximately aligned
with their rotational axes. This is further supported by the results
of Wade et al. (1997) for the slowly rotating (Prot = 52.d0084)
Bp star HD 200311, for which a magnetic obliquityβ = 28◦

was inferred, and by those of Wade et al. (2000) for the slowly
rotating (Prot = 33.d984) Ap star HD 81009, for which a mag-

netic obliquityβ = 15◦ is inferred. One possible interpretation
of this conclusion is that the processes which led to the near total
loss of rotational angular momentum in these stars also caused
the alignment of their magnetic and rotational axes. We propose
another possible interpretation: that the magnetic orientations of
these stars are not a result of field evolution, but instead repre-
sent essentially the orientations which existed when these stars
arrived on the main sequence. If those stars with nearly aligned
magnetic and rotational axes lose angular momentum more ef-
ficiently than those with non-aligned axes, this would result in
the observed phenomenon.

The magnetic field of HD 12288 shows only mild depar-
tures from a pure dipolar configuration; the variations are in
fact consistent within the errors with a pure dipole field. In fact,
HD 12288 is the only star modelled thus far using field mod-
ulus measurements for which a centred dipole is found to be
consistent with the observations. HD 14437, on the other hand,
exhibits variations inconsistent with those of a pure dipole. This
is shown very clearly by the predictions of such a model (dashed
curves in Fig. 2). This implies that the distributions of magnetic
flux over the surfaces of these two stars are remarkably different,
their similar values of(i, β) notwithstanding. For HD 12288 the
adopted magnetic model implies a variation in field strength of
about 200% over stellar surface, while for HD 14437 this vari-
ation is nearly 450%. Although it has been found (Landstreet
1988; Landstreet et al. 1989; Landstreet & Mathys 2000) that
the field flux variation over the surfaces of Ap stars is usually
somewhat smoother than that implied by a pure dipole or de-
centred dipole model, the fact remains that HD 14437 exhibits a
significantly higher field strength contrast than does HD 12288.
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