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Abstract.
relied upon measurements of the longitudinal field and of the

Classical investigations on the Ap-star magnetism
field modulus. Our aim has been to determine the transverse
component of the field, which requires a linear polarization
analysis. Our approach is that ofbroadband polarimetry, which
gives a good insight of the transverse Zeeman effect, owing to
About

Observatory ;

the magnetic intensification mechanism. 50 stars have

been observed at the Pic du Midi for a dozen

objects of this sample, we have gathered a sufficient num-
ber of good measurements, so that the time-variation of the
Stokes parameters displays clearly the modulation associated
with the star rotation. The theoretical interpretation has been
with the group of E. Landi
based
forecasts specific fea-
the Q,U plane),
We have estab-

the longitudinal field and

developed in close cooperation
Degl'Innocenti, at Firenze. A simple canonical model,
on the geometry of the oblique rotator,
tures (single or double-looped diagrams, in
which agree very well with the observed data.
lished that the knowledge of both
the linear polarization variations enables to derive accurately
the two angles i andbettawhich specify the dipolar model. How-
ever, in a significant number of cases, the observed variations
of the polarization do not fit closely the modulation expected
We have found that
cannot result simply from abundance inhomogeneities at the
which

must depart from the pure dipolar configuration. We have de-

for a uniform dipole. such peculiarities

surface of the star, implies that the magnetic topology
signed an inversion procedure which allows us to determine a
set of departures, with respect to the dipole, resulting in an
improved fit with the observations : the main feature required
is an expansion outwards of the lines of force, over a part of
One can

the magnetic equator, not far from the rotation axis.

guess that the existence of such extended, or even open, mag-

netic structures would have significant consequences for the
star evolution.
Key words: polarization - stars : magnetic field - stars pe-

culiar

1. Introduction

The first detection of a strong magnetic field at the surface of
an Ap star ( 78 Vir ) was performed 50 years ago by Babcock

(1947). Since that time, numerous measurements obtained,

U.S. then in

larly in Zelenchuk, have provided a good knowledge of this im-

first in observatories, other sites, and particu-
portant manifestation of stellar magnetism (actually, the most

conspicuous after the magnetism of the Sun).

since good
(1992) has
well described the two main types of measurements which have
The
field is the component which is most easily obtained through

We will not review this topics in detail, here,

synthesis are available. In particular, Landstreet

been obtained for several dozens Ap stars. longitudinal
an analysis of the circular polarization in the wings of spectral

lines. This measurement requires a good spectral dispersion
and, even though Ap stars are relatively bright, large telescopes
are obviously welcome (whence the value of the observations
obtained with the 6-meter telescope). The second type of mea-
is that of the field modulus.

at least

surement It can be made simply

by measuring the line splitting, in those stars which
show narrow spectral lines. The availability of modern photo-
electric detectors has provided this type of research with a new
interesting results such as those derived

impetus, resulting in

recently by Mathys (1990, and subsequent papers).

Now, in spite of an interesting attempt by Borra and
Vaughan (1976), there has been no investigation on the trans-
verse component of the field vector. This shortage can be un-
derstood if one remembers that the transverse magnetic field
must be derived from a linear polarization analysis, which is
hard to achieve with coude spectrographs (coude mirrors in-
troduce a severe instrumental signal). However, it is clear that
the complete knowledge of the magnetic field does require the
measurement of the transverse component, and that the angu-
lar quantities (the customary angles i and betta) which define the
will be

is known.

recovered safely only once the linear
Thus,

for good measurements of the linear polarization of Ap stars.

oblique rotator,

polarization there is definitely a great need

of linear
had
plied to 53 Cam (Kemp and Wolstencroft,
71866 (Piirola and Tuominen, 1981).
variations of the linear polarization (at the level of 0.05 %),

Actually, a special polarization analysis,
successfully ap-
1974) and to HD

It revealed sizeable time-

type

namely broadband polarimetry, been

with the star rotation frequency. Thus, it looked promising to
tackle again this type of program, as well for the observations,
the Pic du Midi
the theoretical interpretation, which was developed at Firenze

which were managed at Observatory, as for
by the group of E. Landi Degl'Innocenti. The results of this
to VI)

quoted in the bibliography and the present paper is essentially

investigation have been published in several articles (I

a synthesis of these publications.
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2.Broadbam linearpolarizationasaconsequene of
theZeemaeffec

2.1. Integrated polarization over a spectral line

Everybod/knowstheshapeoftheStokesparametesprofiles
acrossa spectral line submitted to the Zeeman effect. The in-

tegral properties, which have been sometimes considered (d

e.g. Ronanetal, 1987) entaioneimportarnfeatureconcern
ingthetransvereZeemaneffed:asthesaturatiosof thesigma
and pi componensarenotequalthereisanetresidweof linear
polarization withinaspectraline, assoonasthelineisnot
optically thin (Figure1). Thisphenomenaisoftenreferel to
asthemagnetcintensification effed (Leroy, 1962 ; Calamaet
al., 1975) becaus it implies also achang of the equivalen
widthof theline.

Diroction du
Champ magnetique

1

vibrations
absorbees

Triplet normal Triolet saturd

AVAY

4

1—?&(—#-

o

Fig. 1. Themagneticintensification mechanism. (L eroy, 1962).
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Thecomputatio of the net polarization which isobservel
over the wholeprofileof aspectrdlineisavery simplematter
if oneuses amodd of line formation like that of Unno (Fig
2). Calama et al. (1975 haveshown that one hasto takeinto
account theanomalowsdispersimeffect withtheimportan
consequenethatthepolarizaticnof thetransmittalightcan
discad slightly (say by 10° — 20°) from the direction of the
projectalfieldvecta (thediscrepangdisappeasinapurely
transverséield).

2.2. Polarization within a spectral interval including many lines.

Theresutisreache very easily, inprinciple, sinceonehasonly
toaddtheindividua contributiorsof every line. Of courseone
mugt know the absorptio characteristis of thelines (centrd
absorptio coefficiert and Doppler width) and their Zeema
splitting pattem ; thes quantities are easily availabk in the
caeof thesola spectrunonly. Figure 3showsthewavelengh
variation derived for the Sun (Leroy, 1989) Later on, it has
beconeapparemnthattheincrea® of thepolarizationtowards
theultra-violetisreducael by the effed of blends (Leroy, 1990).
Similar resulswerederived by Saa and Huovelin (1993 for
variousspectratypes Thecasof Apstarspectahasnotbeen
treated explicitlybut, heretoo, thepolarizatimmisduemainly
totheiron and chromium spectrum and the genera trend of
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Fig. 2. Top : reduced equivalent width of a spectral line as a function
of the central absorption coefficient. Bottom : net linear polarization
for the same line. Both quantities have been computed under the
hypothesis of pure Doppler broadening (dotted curves) and Doppler
+ damping broadening (full lines) (Leroy, 1989).
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Fig.3. The degree of lintear polarization P due to magnetic inten-
sification computed for a transverse magnetic field of 10000 G. P
has been determined for every 20 A interval in the solar spectrum,
starting from 3060-3080 A, up to 6980-7¢00 A (Leroy, 1989).

the wavelengh variation should be similar. Actual measure
ments of Ap stars polarization in different bands confirm this
view (Pape V).

2.3. Advantages and drawbacks of broadband polarimetry

The possibility to perform a diagnoss of the transvers mag
netic field using simply a polarimete resuls in a grea gain
of light not only is the polarimete more transpareh than
any spectrographi system but one can choo® really broad
spectrd band (from 100 A to 1000 A) allowing to perfom
accurae polarimety : at the focus of the 2-mete telescop of
Pic du Midi, a 10 minutes integration reducel the photon noise
down to a polarization level of 0.01 % , for stars of magnituce
6 to 7. Of course one could fear that a broad spectrd region
include a major contribution of unpolarizel continuum which



32 LEROY

dilutes the magnetic signal we are interested in. Such is not
the case, at least for cool Ap stars (colour index B-V of the
order of 0.10-0.30)

CrB, published a long time ago by Hiltner (1945), reveals that

a glance at the beautiful spectrum of f

line crowding is so severe in the blue part of the spectrum that
the role of the continuum is almost negligible. But it is true
that for the hotter Ap stars, which have a less rich absorption
spectrum, the broadband method becomes ineffective.
However, we believe that the main drawbacks of broadband
measurements are different the first one is that one cannot
distinguish the magnetic signal from another broadband con-
tribution, and in particular from the polarization due to the
interstellar medium. For the brighter Ap stars, which are not
far from the Sun (less than 50 pc), the interstellar polarization
1993a, 1993

b) ; the polarized signal contains a minor, constant, contri-

is of the order of some units of 0.01 % (Leroy,
bution, in addition to that due to the Zeeman effect, which is
not very troublesome. But farther stars of low galactic latitude
are much more contaminated and their study via broadband
polarimetry is questionable. The second difficulty results from
the fact that the relation between the field strength and the
polarization magnitude cannot be established accurately for
a combination of several tens or hundreds of lines. It means
that the absolute value of the polarization variations should
not be taken into account at the stage of the interpretation.
Finally, it is the shape of the Q¢1) and U(t) variations, or that
of the Q, U diagram, which contains the information useful for

magnetic modeling.

In conclusion, polarimetry with a good spectral resolution,

measuring the Stokes parameters profiles across well known

spectral lines is certainly more advisable, as well known by
solar observers. In the stellar case, it is still necessary to be sure
that one can reach a sufficiently low noise level but it is highly
probable that the new instruments coming now into operation
will provide more accurate data than broadband polarimetry
(which, in turn, is probably the best way to get a fast overview
of the phenomenon).

3. Measuring the time-dependent polarization of Ap

stars

We have given already some indications on the measurements
made at the Pic du Midi Observatory, during the last five years.
The polarimeter "Sterenn", which was set at the Cassegrain
focus of the 2-meter telescope, is a double-beam polarimeter,
with a rotating half-wave plate designed for the UBV range.
Most
However, the brighter stars (e.g. # CrB) were observed through
a narrower filter (passband 100 A) centered at 4200 A A suit-
able integration time reduced

measurements were made through a standard B filter.

the photon noise down to the
level of polarization of 0.01 %, and in many cases down to
0.005%. The instrumental polarization, of the order of 0.01-
0.05 % , was subtracted with an uncertainty of about 0.005 %.
Altogether, the standard deviation of our individual measure-
ments was mostly in the range 0.005-0.015 % . This accuracy is
absolutely needed since the amplitude of the linear polarization

variations to be measured is always smaller than 0.1%.

We observed 55 different stars but the number of measure-
ments is not the same for each object because it was soon

obvious that some stars showed interesting polarization sig-

nals and that other did not. All our data (about 400 measure-
ments) have been published in paper V, together with another
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Fig. 4. Thune variations of the reduced Stokes parameters of 53 Cam.
The open circles refer to cur measurements while the filled circles
refer to the Kemp and Wolstencroft (1974) data. The continuous
curve is a fit by a fifth order Fourier expansion, assuining & rotation
period of B.0269 days. The ordinates are expressed in units of 0.01
% (Paper V).
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Fig. 5. Time variation of the reduced Stokes parameters of HD
71866. The open circles refer to our measurements while the filled
circles refer ta the Piirola and Tuominen (1981) data. The contin
uous curve is a fit by a third order Fourier expansion, assuming a
rotation period of 6.80054 days (Paper V).
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100measuremersiobtainapreviousybyvariousauthorsand
scatterelintheliterature Alltheobservatioshavebeenplot-
ted accordirg  to the rotationd phase which implies that the
star period is well known. That was generaly the cas since
weobservel mary famous stars ; however in someinstances
our polarimety has yielded the period or at leag an improved
value of the period (remembe that for astar observe pole on,
with a magnetc axis at 90° from the rotation axis, the surface
field and the longitudind field reman constan ; but the linear
polarization rotates at twice the star rotation frequency which
allows to determire the period).
Tablelgathesallthosestarsforwhichlinearpolarimetly
was availabk at the time when Pape V was written. The four
classe indicat : (1) those stars which have a well determinel
polarization  variation; (2) thosefor whichitwill bepossibk
to reath the sane stage after some additiond observatios
; (3) thoe which show little polarized signal either becaus
the magnetc field is too 'small or becaug the spectrun has
few saturatd metallic lines ; (4) those which showv a strong
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4. Theoretical
rotator

polarization of the oblique dipolar

4.1 The canonical model

The first attemp to compute the linear polarization expectel
for a rotating dipolar star was done by Land Degl'Innoceni
et al. (1981) unde very generd conditions (the cas of the de-
centerel dipole was considere at once) The results did show
clearly the main characteristé features of the solutions which
are particularly visible with the help of diagrans drawn in
the Q, U plane However, for the more simple ca® of the cen
tered dipole (or quadrupole) the computatiors are much easie
and can be performel analytically, at leag in the cas of the
weak-field approximation (when the polarization due to mag-
netic intensification is proportiond to the squae of the field
modulus) We have publishel in pape | a se of polarizatin
diagrams for different values of i and #, which are reproduce
in Figures 7 and 8 (in Figure 7, magneto-opticheffects are ne-
glected while they are taken into accoun in Figure 8). Let us

constanpolarizationaddelbytheinterstellamediumwhich mention that genera analyticd results dealing with more com-
seriousy hampestheanalyssofthesignd duetotheZeemaneffgiek multipolar configuratiors have been publishel recenty by

Table 1. A catalogwe of Ap stars labeled with their HD num-
ber, for which some broadbamn linear polarimetry is availabke

() (2) (3) (4)
24712 4778 115@ 9996
62140 10866 12447 12283
65339 152107 15089 1432
71866 16547 15144 182%
80316 188041 34482 32633
98088 2016QL 89822 37776
115708 96707 90569
118022 108946 11006
137909 112413 11113
192678 12422 12528
1251@ 126515
140160 13013
148112 13302
148838 134214
17622 13798
1965@ 1538&
20608 21544
22085 21978
223640 224801
33523

We have noted that, presently, the measurements accuracy

Bagnulb et al. (1996)

:
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Fig. 6. The spatial distribution of Q/I and U/I (in arbitrary umits}
over the stellar disc, for a dipolar field with the magnetic axis in the
plane of the sky {Paper TV).

is just sufficient, and it looks careful to be sure of the reliability
of our data. This check may be done by comparing the observa- The main feature visible on Fig 7 is the existene of two

tions of the same star, obtained with two different instruments.types of diagrams :

the single-loop which are found in the

Figure 4 compares our measurements of 53 Cam with those lower left corne of the figure evolve as double-loos in the up-
of Kemp and Wolstencroft (1974) and Figure 5 does the sameper right corner This characteristt topology is directly linked

for HD 71866 (Piirola and Tuominen (1981) data compared

to the i and # values and one can hope that the comparism

with ours). In our opinion, these comparisons prove that the of the observel diagrams with the computel ones will give an
published error bars are quite realistic and that one can make unambiguows determinatim of thes angles However one no-
serious interpretation work based upon this observational matecks. that the shape of the diagrams change but slowly along

the diagond i = # ; in other words the linear polarizatian is
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moderatey sensitive to the quantity i 48 , while it is very
sensitive toi — J. This property is quite interestirg becaue it
is well known that, on the opposite the circular polarizatin
is mainly sensitive to i + 8 (Hensberg et al., 1979) so that
one foreses the possibility to get really good values of i and
fi by using simultaneous} the linear and circular polarizatin
observatios ; this question will be examina later.

The comparism between Fig 7 and 8 shows the conse
quence of the magneto-optich effects When both i and £
are small, which mears that the observe always sees the same
magnett pole, the effed is essentialy a globd rotation of the
polarization diagran (similar to that due to a different position
angle of the rotation axis in the plane of the sky). For larger val-
ues of i and 1, the observe see alternativey the two magneic
poles and the magneto-optich rotation is alternativey direct
and retrograde which produces eventually distorsiors of the
diagram In this case the analyss is more involved becaug the
value of the magneto-optich effect and thus the extert of the
distorsion depem weakly on the field modulus

4.2. The medium field case

In the visible spectrum the wed&k field approximation remairs
valid as long as the field modulus is below 500 - 1000 G. On
the other hand it is well known that the field strengh is often
10 times larger at the surfae of Ap stars so that one can ques
tion the adequay of the canonicd modd for this particula

class of stars This problem has been investigatel by Bagnub
et al. (Pape Ill) : as the exad value of the polarization due
to magnett intensificatim has been previousy tabulatel by
Landi Degl'Innocenit and Calama (1982 (see also Calama
and Land Degl'Innocentj 1983) one can comput exad po-
larization diagrams and compae them with those derived from
the canonicd model

Unexpectedly the differences are weak which can be ex-
plained by different factors the main reasm being the homo
geneily of the field strengh at the surfae of a dipolar star. The
extreme values of the field modulus are only within a factor of
2, and the net polarization of the integrata stellar disc is deter
mined essentialy by the mutud cancellation of the elementay
signak issua from regioms with different field azimuth This
cancellation proces is very effective : in the canonicd model
the net polarization is 15 times smalle than that which would
arise from a star coveral with lines of force paralld to the
polar field. This behaviou is illustrated in Figure 6, which
displays the repartition of Q/I and U/l over the surfae of a
dipolar star with its magnetc axis in the plane of the sky. We
concluce that the net linear polarizatim of a magnett star is
more sensitive to the orientation of the field lines than to the
field modulus which has some consequence for the following
of this investigation
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Fig. 8. Same as Fig. 4 with magneto

5. Determining the characteristic angles i and 3

We haw see that comparirg an observe polarization dia-
gram with the theoreticd diagrans of Fig 8, provides a de
terminatimmn of i and #, which is a significart progres since
neithe the longitudind field, nor the surfae field, allowed to
disentangé these two angles But it has been noted also that
itis the joint use of linear and circular polarization data which
realy yields accurae values for i and 2. Some example hawe
been given in Pape Il : since one can computke both the cir-
cula and the linear polarization signak which emerg from a
dipolar star, a programn of residues minimization will provide
the wantal quantities

We have also proposel (Pape 1V) a simplified methal
which requires only the knowledge of afew synthett quantities
Let r be the ratio of the smalle extremun of the longitudind
field to the larger extremum r, which is always betwee -1 and
1, has been provided for many stars by the standad obser
vationd methods beginnirg with the Babcodk work. For the
linear polarization we define P, and P, as the powers of the
polarizel signd for the harmonics 1 and 2 of the star rotation
period It is interestirg to note that thes quantities depend
neitheg on the absolue scak of the polarization nor on the
averag value of the Stokes parametes (which can be spoiled
by interstella polarizatior) and that, moreover they are inde-
penden of the absolue phas of the observatios (only relative
phases resulting from the knowledge of the star period are

optical effects included {Paper I}.

needed) We define the quantity s = (1 - P,/P,)/(1 + P/P)
and we compue r and s for different values of i and #. The
diagram which is obtaina (Fig 9) provides a fast determina
tion of i and # as son as r and s have been deduce from the
circular and linear polarizatiom measurements

Table 2, first presentd in Pape VI, provides a list of i
and 8 values for 15 stars accordirg to our linear polarimety
and to the longitudind field data availabk in the literature (an
estimae of the uncertaintie 8¢, §3 is also given).

6. Observed discrepancies with respect to the dipolar
model

Although the dipolar modd is a very good first approximation
it is well known that some stars have alongitudind field whose
time variation is more complex than the sinusod forecaste by
this simple model Noticeabk discrepancie have also appeard
when additiond parametersfor instane the surfae field, have
becone availabk : well-known case are that of # CrB , well
documente by Wolff and Wolff (1970) or that of 53 Cam,
thoroughl investigatel by Landstreé (1988) Much attentim
has been paid to the researb of a model more involved than
the simple dipole, allowing to fit correctly the observationh
data ; it is not the place here to review thes attempts of
which the more famous example are the decenterd dipole
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Fig. 9. The loci of constant ¢ and 2 in a plane where the abscissa is
fixed by-the linear polarization measurements and the ordinate by
the circular polarization measurement (Paper IV).

Table 2. Angular parameters (in degrees) for 15 stars

HD number t 3 i, &4
24712 140 147 5
62140 90 93
65339 110 5
71866 110 95
980883 85 80
118022 25 120
13790% 160 100
115708 130 75 10
192678 170 120 -

4778 70 65 15
80316 60 35

108662 535 120
152107 15 40
165474 80 10 20
188041 160 120

(Landstreet 1970 ; Stift, 1975) or a combination of dipoles
and quadrupole (Oetken 1977)

Thus, we did not exped that the adjustmen of our mea
suremens to a dipolar modd would be always satisfactory
Actually, some stars do shov a polarization diagram well con
sistert with the pure dipole (a good exampk is that of HD
24712 studied in pape Il ; see also Fig 10) ; but, in many
cases interestirg discrepancis have becone apparent when

g i

(= 100002

a1

-10 -3 ] H

13 x 100002
I . . t t

Fig. 10. The observed polarizaticn diagram of HD 24712 {Paper V).
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Fig. 11. The observed polarization diagrain of 49 Cam (Paper V).

a sufficiet numbe of measuremerst resulted in an accurae
polarization diagram A representatie exampk is that of 49
Cam (= HD 62140 that we have investigate in detai (Leroy
et al,, 1994 : it is rathe obvious that the polarizatioan diagran
of this star (Fig 11) is different from the theoreticd diagrans
of Fig 8.

In a first step we have askel whethea sudch peculiarities
could arise as a consequene of abundane patche : the fact
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Fig. 12, Top : time variation of the reduced Stokes parameters {in
units of 0.01 %) for 8 CrB = HD 137909. The thin and thick lines
are the best fits obtatned with a pure dipole and with the modified
dipole pictured at the bottom of the figure, respectively. The open
dot marks the position of the visible rotation pole and the small
circle outlines those regions where the lines of ofrce are expanded
cutwards (Paper VI).

that the abundance of severd elemens can be highly differ-
ert in various regiors of the atmosphee of Ap stars is well
establishd ; as the polarizaticn that we measue resuls from
a saturatim mechanism one could fear a cross of abundane
and magnetc signature in the observel data This questim
has been adressd in Pape IV, with the conclusim that abun
dane variatiors have generaly a minor effed on the polariza

Fig. 13. Same as Fig 12 for 49 Cam = HD 62140 (Paper V1).

tion curves In some cases we may be sure that the polariza
tion peculiarities have to be interpretel in terms of magnett
anomalie : it is the caz for # CrB, which presens a non
canonicad polarization diagran (Pape 11), while its spectrun
is rathe stable along the star rotation We will come badk somn
to this interestirg example

7. A modified dipolar model consistent with the

observations

A polarization diagram which depars from the diagrans com-
puted for a magnett dipole, can probabl be explaina by
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severd non-dipola magnettc topologies To compensag this
non-uniquenes of the solution it looks reasonabd to rely on a
maximum entropy principle which, in the presen case can be
expressd as the condition to find a model, fitting the observel
data as close as possibk to the pure dipole.

The next stage of the modd choice are as follows : as the
linear polarization is but weakly sensitive to change of the
field modulws (sectiom 4.2.), we will try to explain the obser
vations throuch a chang of the field line orientations Among
the possibe rotations of the lines of force we rejead those which
resut in non-meridion& paths since it is acharacteristi of the
dipole to have meridian lines of force. Finally, we note that the
major contribution to the net polarization comes from the re-
gions arourd the magnett equata (Fig 6), since one finds here
only asignificart set of paralld lines of force. In conclusion the
smalles departure relative to the dipole, which will produce
the largeg variatiors in the polarization diagram are expecte
to be found for equatorid lines of force rotating within their
meridian plane But, as we want that the condition divB = 0
remairs true, we will also impose that the inclination change
must be symmetricd arourd the magnett equator

Within these limits, we see that equatoria lines of force are
allowed either to rise outwards or to plunge downwards the
sign and size of the inclination being a function of the mag
netic longitude The bed solution is found through a proces
of residus minimization, after the perturbatiom has been de
velopal into a se of sphericd harmonic (up to the 3rd order).
Needles to sa that the solution which is retaine must also
agree with the observe data on the longitudind field ; how-
ever, this additiond constrain is not very sevee becaus the
field lines inclination changes havwe only a we& effed on the
integratal longitudind field (the surface field data are not con
cernal by our modified modd since the field modulus is kept
unchanged)

Figures 12 and 13 display the solutions obtaina for two
stars which presentd strong departurs relative to the dipole.
In both case the modification of the magnett topology is an
expansim of the lines of force outwards and it is interestirg
to remak that this phenomena occurs in the vicinity of the
rotation pole. The same trend was still found in four other
stars (HD 65339 71866 98088 118022 not pictured in this
paper and also in HD 1926® which has been studied recently,
thanks to a four Institutes collaboration (Wade et al., 1996)

Figure 14 yields a schematé view of the trend emergirg
from this investigation Our sketd is valid only for those stars
having & f# angle close to 90°, which represen the bulk of our
observel data (smal /i angles give rise to a neary constan
polarizatin which is hard to study by our method) Neverthe
less the fact that severd stars of our sampk havwe expanded
or even open lines of force, in the vicinity of their rotation
axis may be very significant Such regiomns could be the site
of stella winds, or may be connecté with the neighbouring
interstella medium (in contrags with a dipolar field pattem
which is essentialy a closeal structure)

While the presen investigation is concerneé only with the
line of force orientations recert progres in the surfac field
measuremen (see .e.g Mathys 1990 also makes possibk the
design of modebk with non-bipola field modulus It is certainly
worthwile to combire both approachs and, in a preliminaly
work of this type on # CrB, we have found that the region of
expandel lines of force seemeé to be also a region of enhanced
field strength Unde thes particula conditions it has also

Fig.14. A schematic model of a magnetic star (i = 00°, § = 90°,
phase= 0.25) able to fit a large nunber of our polaniation measure-
ments. The lines of force are purely dipolar (full lines) except in the
vicinity of the rotation poles where they expand outwards ; to keep
the figure understandable we have drawn, as dotted lines, only these
non-dipolar lines of force which are in the plane of the sky {Paper

V).

reveald that if the lines of force expansim is larger and larger
at higher altitudes one can forecas some shift in the phas of
the longitudind field maximum This last finding, if confirmed
would be exciting becausg it correspond to a curious obser
vation by Wolff (1970) confirmed by Romanyk (1986 1987)
namel that the longitudind field maximum occurs later when
the measuremerst are made below the Balmer jump, i.e. refer
to a greate altitude in the atmosphere..

8. Conclusion

Although the study of transverg magnett fields has been ne
glected in the past it is obvious that future investigatiors on
stellar magnetisn will be really satisfactoy only if they include
such measurementsin addition to the customay analyss of
the surfae and longitudind fields. Thus, magnett diagnoss
must include some linear polarimetry, which is becomirg eas
ier with the recen developmeh of Cassegrai spectrograph
(or of fiber-fed spectrographs)well suited to on-axis measure
ments One can forecas that complee Stokes profiles will be
soon available at leag for the brighter Ap stars which will
open a new era for the determination of stella magnetc fields
(Piskunos and Khoklova, 1984)

Our approach base on broadbam linear polarimetry, was
less-ambitios and sufferal some shortcomings However its
simplenes has enabla to get quickly a first overvien of the
phenomena owing to a survey bearirg on more than 50 stars
It turns out that the characteristt features coming out from
thes observatios are in excellen agreemeh with the expecta
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tions base on the simples model namel the oblique rotating
dipole. However some unexpectéd trends have emergel : the
time variation of the linear polarization is weakly sensitive to
the field modulus but it depend more critically on the angu
lar pattem of the lines of force over the star surface It resuls
quite naturally that linear polarimety is an excellert tool to
determire the characteristé angles i and 8 which define the
oblique rotator (the accurag is truly good when both linear
and circular polarimetrc data are available)

In some well-observel stars our measuremerst have put in
light seriows discrepancie with respet to the diagrans com-
puted for the standad dipole. We hawe investigata slightly
different magnett topologies having only modifications of the
lines of force orientation with the aim to fit correcty the ob-
servations with a minimal departue from the pure dipolar
case The new feature which is needd is, in all the cases an
expansia of the lines of force, abow a part of the magnett
equator not far from the rotation pole (this geomety applies
bed to stars having a8 angle arourd 90°). This modified dipo-
lar model which still has to be checke by further work, could
be significart as far as the star evolution is concerned since
it predics a stella magnetisn open towards the interstella
medium well different from the closal structure inheren to a
dipolar configuration
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