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Modeling of magnetic fields of chemically ресuliаr stars.
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Abstract. l\{agnetic field пrodels of the cheniic:ally pecuiiar star HD 192678 hаче Ьееп derived

ori the assumption of both а сепtrаl and clisplaced dipole. Тhе mеап раrаmеtеrs of the magnetic

field: the angie between the axis of dipole and the rotatiorr axis, 1 : 70о, the magnetic field
magnitude at the poles, Bp:7300G, the stаr rotation axis inclination to the line of sight, i:8o
har.e Ьееп obtairred. The measurements аrс rrot accrrrate епоugh to decide between the two models.
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1" Introduction

\Vcl purstre the п,оrk devoted to the investigation of
tlte structure of пrаgпеtiс fie]ds of chemically ресu-
1iаr stars. The technique of rrrodeling atrd the first rе-

sults ha,r,e beerr prrblished Ьу Gerth et al. (1997) апd

Gerth, Glagolevskij (2000). Usitrg this techniclue а re-

sеагсhеr consider magnetic morropoles inside t}re star
with а rnagnetic clrarge ,4,1, with coordinates ) and t5

in longitude and latitude, respectively, and computes
t}re rеsults of addition of the fields of the monopoles

оr,еr t}re surface and also the relatioris}rip curves of
tlie effective В" arrd the mеап surface В" fields with
the phase Р of the rotation period. Ву selecting ар-
propriate раrаmеtеrs one сап achieve а goo<i fit of
tlre observed сurчеs В"(Р) and В"(Р) to the сопr-

puted ones. In principie, any field configirratiort сап

Ье specified, but not опlу сепtrаI оr displaced dipole,
оr quаdгuроlе, оr octrrpole, wiriclr аrе used in the ех-

isting rrrodels. All these methods provide tlre distribu-
tiorr of the field analyticallv. In оuг techrrique the field
distribution is conrputed at еасh point as а result of
addition of fie}ds of the specified magnetic monopoles.
This is why this teclrnique, in our орiпiоп, is mоrе

fleKilэle as compared to others, although ехрегiепсе
of comparison with оthеr пrethods is insu{ficient yet.

Опе of the goals of the present рареr is соmраrisоп
о{ the раrаmеtеrs of the star HD 192678 obtained us-

ing оur technique and tlrat described Ьу \Vade et al.
(1996), In the pa,per а model of HD 192678 is consid-

еrеd. The stаr tras аIrеаdу Ьееп simulated Ьу cltlier

techniques. It is interesting to соmраrе the results
obtained independently and to attempt to utiiize the

distinguishing features of оur method,

2. Models of the stаr HD 192678

Observational data on variations of the efIective mag-
netic field В" (Wade et al., 1996) and of the surface
field В" (N,lathvs, 1997)with phase of the period Р аrе
arailable for the star and presented in Fig. 1. These
two relationships аliоп, dеtегmiпаtiоп rэf both the stаr
rotatioTr axis inclinatiorr angle to the iine of sight z and
the dipole axis inclination angle to the axis of rota-
tion 1. Unfortunately, the mеаsurеmепt ассurасу is

insufficient to rnake а reliable choice of the type of

model: central dipole, displaced dipole, superposition
dipole*quadrupole, оr а пrоdеl with а mоrе complex
structrrre. In this case опе can suggest with assurance
only the first approximation model - central dipole.

Оur calcrrlations resulted in the magnetic field ра-
raTneters (1st model) giverr in Table1, whеrе i is the

iIiclination апglе of the star, 1 is the angle between

the dipole and rotation axes, В, is the magnetic field

intensity at the роlе. Frоm the table it is seen, that
the dipole lies iTr the plane inclined to the equator

at aTr angle of 18", i.e. close to the equatoгial plane.

The star is viewed pole-orr, therefore t}re amplitude of

пragnetic field variations is smаll. As the star rotates.

the magnetic poles аrе always пеаr the edge of the

disk, which геsults in low ассurасу of magnetic field

mеаsurеmепt. It is only а model computation that
сап give an idea of the reai В" variation amplitude; it
is close to 100G. T}re computed сurчеs of В"(Р) and

в"(р) аrе shown in Fig. 1 (upper and lower panels)

rbith а soiid line.
The magnetic field of HD 192678 has been sim-

ulated iri the рареr Ьу Wade et al. (1996) using а

dilТerent technique. This is why comparison of оur

results is intriguing. They also used а сепtrаl dipole
rnoclei and derived the раrаmеtеrs presented in Таьlе
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_ _ е 1: The relatioпships Ьеtwееп the effectiue апd surfасе m,аgпеtiс fields of the star HD192678 апd rota-
, -: period phase. The solid liпе i,s опе соrпршtеd ltlith the сепtrаl di:pole model, the d,аshеd, liпе рrеsепts the

, : ,:r:еd dipole rпоdеl.
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Figurе 2: The d,istributi,on of the, rпаgпеti,с fiel,d strепgth оuеr the su,rface of HD 192678. Д - the central dipole

rпоdеl, В - tlte displaced dipole model.

1 (2nd пiоdеl).
As can Ье seen, the angles i аrе of t}re same оrdеr,

but 1 and В, are markedly diffегепt, 12О arrd 1100G,
respectivelv. No sufficiently accrrrate mеаsurепrепtý
har.e so fаr Ьееп available, which results in а failtrre
to analyze the causes of these differences.

Angle i can Ье estimated also frопr vsini=4kпi/s
(Wade et al., 1996). Ву assuming the раrаmеtеrs
0=2,884 (Houck, Merпrilliod, 1980) and 7.=9300К
(Glagolevskij, 1994) obtain the abstllute l;olometric
magnitude Мь:0.65. Hence the radius R = 2.5R1r,
ч = 50.6 , Rf I' = 19.8km/s (the rotational period
Р = 6.4 days (Wade et al., 1996)), and i : 12о, i.e.

very close to what has Ьееп derived frоm the model-
irrg.

The Мь value }ras Ьееп used to calculate the ratio
of t}re star's radius to its radius оп the zero age lirre
of the mаiп sequence) RlRzдмs = 1.5 * 0.2, which
shoчrs that the stаr is located between the sequences
of lurrrinosity classes V IV in t}re HertzsprrrTrg-Russel
diagram. It mау Ье expected that at this age the mag-
netic field could keep the elements of the complex
struсturе, which is likely irrherent to rесепtlу formed

СР stars. This is why, it is interesting to attempt to
apply the dispiaced dipole model Ьу considering rеа1

аsуmmеtrу (saw-toothed shape) of the relationship
В,(Р) (see also Fig. 2 iп Wade et al., 1996). The mах-
imtrm asyrnmetr1. of ttre computed сurче was achieved
with the coordinates of magnetic monopoles indicated
iп Таlэlе 2 (fоr comparison we рrеsепt the coordinates
of morropoles fог the central dipole mоdеl).

Note that ttre point with the lorrgitude ):0'
passes асrоss t}re сепtrаI meridian at the phase Р :
0.0,

The dipoie is displaced реrрепdiсulагlу to its ах-
is; the rnaxima of the positive and negative magnetic
field at thе surface аrе located closely with respect to
one апоthеr irr longitude - about 150О, but not 180'.
as is t}re case in tlre central dipole model; the field
strength at the mахimа is equal. Тhе distribution of
field intensity isolines очеr the surfасе for models 1

and 3 is shown ilr Fig.2 (upper and lower parrels). The
сuгчеs of the relationships В"(Р) and В"(Р) соm-
puted in ассоrdапсе with the central dipole model аrе

shown Ьу а dashed line in Fig. 1 (the curves of В"(Р)
fог thе displaced and central dipoles аrе virtually со-
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Table 1: Раrаmеtеrs of the mаgпеtiс field о! HD 1926'18
ModeliyBpNotes

2 7О + 5" 60О * 7" 6800+?00 Centra,l dipo}e (WЪdе et al,)
3 9" + 1О 76" * 1О 8300*500 Displaced dipole

()
displaced dipole (+)

()

180 -18
014

250 -14

Table 2:
3. Conclusions
Investigation of the star HD 192678 shows that it is
viewecl пеаrlч tlre rotation pole-on, and the dipole ах-
is lies in the plane close to that of the еquаtоr. Such
а configuration is unfavourabie both frоm the point
of vieъ, of mocieling and frоm the point of view of
deriving reliable curves of effective and surfасе field
variations fгоm ollservatiorrs. This is why it is irrг
possible yet to define exactly the type of model -whеthеr tiris is а сепtrаl оr displaced clipole оr а mоrе
соmрlех corrfiguration. In а first approximation. the
mоdеj of Wade et al. (1996) оr ours give the sаmе
valrtes of rnagnetic field раrаmеtеrs.
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: cident). It is not imрrоЬаЬlе that the asymmetry
. due not to the rnagnetic field gеопrеtrу brrt to the
:.lromogeneous surfасе distribution of c}rernical ele-
:,,:Ilts whose lirres have beerr used to determine the
,-.agnetic field. This prob]eln rreeds furthеr investiga-
, rt. Тhе magrretic field раrапrеtеrs of the displac:ecl
-.эоlе аrе listed in Tabie 1 (mосlеl 3). The сепtrаl
.эоIе model seems to Ье preferable since its сurl,е of
:,rgnetic field variations аgгееs best with the оЬsеr-
,iопаl data,

\\Ie canrrot so fаr giче рriоritу to arry of the models
. ,:аmiпеd. Fоr this reason it is п,ortlrwhile to dегiче
- .;: пiеап values of tlre раrаmеtеrs l. х and Во which
.:._. given in the Iower line of Table 1. Furthеr studies
:.i,е to rечеаl tlre properties of each of tlre methods
: пrоdеliпg applied at present,


