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Abstract. We present new longitudinal magnetic field andegree to which these processes interact with the magnetic field.
Strdmgren photometric measureménithe Bp star 84 UMa. This paper represents the fifth in a series (Wade et al. 19963,
From these data we determine a new rotational pefigd = Wade et al. 1996b, Wade et al. 1997a, Wade et al. 1997b) aimed
1.438576+0.700080, which is inconsistent with previously pub-at constructing such models of the magnetic fields of A and B
lished values. stars.

The magnetic measurements indicate the presence of a84 Ursae Majoris (=HD 120198=HR 5187) is a moder-
weak, dominantly dipolar magnetic field in the photosphere afely broad-lined B9p EuCr star (Hoffleit 1982) which exhibits
84 UMa. We employ a new value of the rotational axis inclinanodest spectrum variability (Rice & Wehlau 1994, hereafter
tion in conjunction with the magnetic data in order to constraR&W). The rotational period has been reported by Burke &
the magnetic field geometry. We derive the following dipolBarr (1981) to bel.437996 + 0.200008 from UBV photom-
oblique rotator parameters: = 59%:7°, 3 = 48717° and etry. However, R&W find a slightly better period solution by
Bq = 16201327 G. removing 1 presumably spurious point from the photometry,

Aprecise value of the radius (which we calculate in conjunénd adoptl.“380682 as the rotational period. Using the latter
tion with the inclination using the Hipparcos parallax) allowgeriod, R&W obtained Doppler images of the Fe and Cr abun-
us to locate 84 UMa on the radius-effective temperature plag@nce distributions of 84 UMa. The resultant maps are similar
Using theoretical evolutionary tracks (Schaller et al. 1992), vie one another, and quite complex.
obtain values for the mass, age and surface gravity. These results
place 84 UMa quite close tothe ZAMS, aresultinconsistent wi .
the suggestion by Hubrig & Mathys (1994) that the magnetlgg Observations
Ap stars may be near the end of their main sequence life.  2.1. Longitudinal magnetic field

g Longitudinal magnetic field8;) measurements were obtained

— stars: individual. _ ) i .
at the University of Western Ontario (UWO) Elginfield Ob-
servatory, and at the Observatoire du Morédantic (OMM),
between JD 2449823 and 2450659. As well, we include three
measurements obtained by Borra & Landstreet (1980) at UWO.
1. Introduction UWO observations were obtained using the UWO photo-

. S . electric polarimeter as a Balmer line Zeeman analyser at the
The inhomogeneous distributions of surface chemical abyn- g

O 1.2-metre telescope. This instrument measures the frac-

dance observed'ln the Ap and Bp star; are thought to.reﬁl%%al circular polarisation in the wings ofHat +5.0 A from
from & complex interplay between gravitational and radlatl\f%e centre. The quantity thus measured is linearly related to
diffusion, mass loss, turbulence and circulation processes, in )

their atmospheres (Michaud & Proffitt 1993). By determlnmthe line qf sight .compo.nent of any magnetlc_ field present in the
T . . e-forming region, suitably weighted and integrated over the

the magnetic field geometries and surface chemical abundanc:?I . . )
S . : . “stellar disk. For these observations, a mean conversion factor
distributions of a representative sample of these objects, impor-

. A . v = 13050 G per percent circular polarisation was found from
tant new contraints can be placed upon the manner in which and . . o X
line scans. A more detailed description of the instrument

Send offprint requests 16.A. Wade, (gwade@astro.uwo.ca) and observing technique is given by Landstreet (1980).
! Table 2 is available only in electronic form at the CDS via anony- The OMM photoelectric polarimeter (Manset & Bastien
mous ftp 130.79.128.5 1995) is a virtually identical instrument, which employs similar
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N - . 1000
Table 1.Journal of longitudinal magnetic field observations of 84 UMa

acquired at the UWO Elginfield Observatory (UWO) and Observatoire

du Mont Megantic (OMM). The three observations obtained by Borra

& Landstreet (1980) (between JD 2442770 and 2443650) are also '@- 500
cluded. Phases are calculated from the ephemeris cited in the text and

op isthe 1 standard deviation uncertainty derived from Poisson statﬁé-

tics. B

2
g 0

JD (mid-exposure) Phase B, £ o5 (G) Observatory g
2442770.058 0.347 —380 % 265 uwo ‘S
2443648.713 0.408 —125 =+ 305 uwo 2 oo
2443649.791 0.186 240 £ 265 uwo -
2449823.655 0.405 —110+ 150 uwo
2450046.906 0.508 —340 £ 165 OMM
2450051.894 0.108 2254+ 150 OMM 1000 ‘ ‘
2450081.898 0.759 225 +170 uwo 0.00 0.50 1.00 1.50
2450138785  0.811 670+ 140 UwWo Rotational phase
2450181.794 0.847 3204170 UWo Fig. 1. Observed and computed longitudinal magnetic field variation
2450184.743 0.975 260 £+ 170 Uwo of 84 UMa, phased according to the ephemeris described in the text.
2450198.633 0.998 350 4 140 Uwo The solid curve is the variation produced by the best-fit magnetic field
2450266.667 0.094 1754+ 140 uwo geometry, described in Sect. 5.1.
2450269.647 0.244 210+130 uwo
2450540.786 0.905 400 £ 120 uwo
2450548.672 0.596 140 + 140 uwo 2.3. Hipparcos photometry
2450564.636 0.116 360+ 130 uwo . . .
2450568.720 0.063 290 + 210 UWO 125 photometrlc_ measuremepts o_f 84 UMawere obtainedin the
2450576.647 0.783 440 + 130 UWO context of the Hipparcos mission, in the Hipparcos photometric
2450641.756 0.767 365+ 200 UWo system described in Volume 1 of The Hipparcos and Tycho Cat-
2450645.696 0.611 —130 £ 130 uwo alogues (ESA 1997). The photometry is available in Volume 17
2450659.670 0.694 390 + 130 uwo of the Hipparcos Catalogue, CD-ROM no. 3 (ESA 1997). The

standard errors of the Hipparcos magnitudes of thénsgren
photometry check and comparison stars (HR 5169 and 86 UMa,
respectively) ar@™0006 and 00005, respectively. This con-

narrow-band filters. It was employed in an analogous mand&ms the Stomgren photometric result that they are sufficiently
on the OMM 1.6-metre telescope. non-variable to be used as comparison stars for differential pho-

The journal of longitudinal magnetic field observations i©Metry.
shown in Table 1.
3. Period analysis

2.2. Stomgren photometry Each of the three datasets (longitudinal field3Stgren pho-

276 differentiakuvby photometric observations of 84 UMa (69‘0”‘6”3! and Hipparcos photometry) was individually searchgd
observations in each filter) were obtained during the sixth yefgf all |tr)1depenldent per;]odsl be_t\a/een 0.1 and 108. dI?yS using
of operation (Sept. 1995 - July 1996) of the 0.75-m Four Colle Lomb-Scargle search algorithm (Press & Rybicki 1989).

Automated Photoelectric Telescope (FCAPT; Dukes etal. 199 e only period consistent with all of the datalid38576 i.
when it was on Mount Hopkins, Arizona. After the dark courtt 00080. Most notably, none of these datasets are consistent

was measured, the telescope, in each filter, obtained sky—cP{‘-’Hh the1.#37996 + 0.200008 reported by Burke & Barr (1981)

v-c-v-c-v-c-ch-sky measurements where ch is a reading of _'éthel'd380682 period employed by R&W. Both of these ear-

check star HR 5169 (=HD 119765, spectral type A1 V), cthat r period; rely on a very IimiFed number .Of low-SNR UBV

the comparison star 86 UMa (= HR 5238 = HD 121409, spect jotometric observations obtained by multiple authors (34 ob-
type A0 V), and v that of 84 UMa. The data were con\,/erted {§rvations by Burke & Barr 1981 and 15 observations by Winzer
instrumental magnitudes using a spread sheetreduction prog 4)'15‘5’16‘ mgttReé\;)Vf fact, the_ penodg ;gported gy Burke_&
which employs mean seasonal extinction coefficients. Usuafg" ( ) an are consistent within quoted uncertain-

only one set ofiwby measurements were made of 84 UMa an swiththe 1y aliag /,, = 1."38052 of the.period implied.by
its comparison and check stars each clear night. Ttiergfren our data. It would therefore appear that noise and the statistics of

photometry is presented in Table 2, which is available only ﬁ‘ma" numbers conspired to produce misleading periodograms

electronic form at the CDS via anonymous ftp 130.79.128.5!MN these earlier studies. :
When all three datasets are phased according to the

new 1.438576 period, the variations are harmonic with min-
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Fig. 2. Strtomgren photometry of 84 UMa, phased according to the ephemeris described in the text. The solid curves are second-order least-squares
Fourier fits.

imal scatter. Adopting the epoch afband maximum light for a straight line fit througB; = 0 (the zero-field hypothesis).
JD 2449824.480 + 0.03 as phase 0.0, we have phased all dfwe assume thaB; = 0is a correct representation of the longi-

the data according to the ephemeris: tudinal field variation, the probability of obtaining a reduggd
of 4.9 from 21 measurements is considerably less than 0.1%.
JD = 2449824.480 £ 1.738576 - E. (1) The detection of longitudinal field variability is therefore un-

) . doubtably real, and we can characterise it using the parameters
The phased magnetic data are presented in Table 1, Whil§ich define the st-order sine fit:

the phased Shmgren photometry is listed in Table 2, available

onlyinelectronic formatthe CDS. As well, the phased magnet®, = B, + B, sin 21(¢p — o), (2)
observations are shown in Fig. 1. The phasedrBgren pho-

tometry, shown in Fig. 2, shows small differences among tinth By = 161424 G, B; = 303+48 G, andpy = 0.66+0.1.

light curve shapes. These differences reflect that these vallibe longitudinal magnetic field of 84 UMa s clearly quite weak,
represent an integration over the stellar surface, which displayish a peak-to-peak amplitude of about 600 G. This can be con-
a complex distribution of elemental abundances (R&W). We drasted with theB; variation of peculiar stars with very strong
not display the Hipparcos photometry, since it only serves fields, such as HD 119419 or HD 126515, for which the peak-
support the results from the 8tngren photometry and mag-to-peak amplitude of the longitudinal field variation is about
netic field measurements (and provides no additional constra&8600 G (Mathys 1991). However, such objects appear to be
on the period). relatively rare, and represent only the high-field tail of the dis-
tribution of magnetic A and B stars. Stars such as 84 UMa, with
longitudinal field variability of order 100 G, are far more repre-
sentative of the magnetic A and B stars as a population (Bohlen-
The reduced? of a first order sine fit to the phased magnetider & Landstreet 1990). However, as accurate measurement of
datais 1.0. In order to determine the significance of the detectitie fields of such objects is relatively difficult, they are poorly
of field variability, we can compare this to the reduggcf 4.9 represented in the literature.

4. Magnetic field variation
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5. Surface structure a (Ieg = 10000 K, log g = 4.0) ATLAS9 model atmosphere
(Kurucz 1992). We obtaifsy = 1620732 G, where the weak
constraint on the upper limit results from the divergenc&gef
Doppler abundance maps of the surface Fe and Cr distributidéos: — 90°.

of 84 UMa were reported by R&W. In order to construct these These results are inconsistent with the suggestion by R&W
maps, it was necessary that they adopt a valuetbe inclina- that the magnetic field of 84 UMa has a complex global structure
tion of the stellar rotational axis to the line-of-sight. R&W defwhich they suggest might account for the complexity of their
terminedi = 45° by assuming a radius for 84 UMa &f5R,. abundance maps). While some contribution from higher-order
With the availability of Hipparcos trigonometric parallax meamultipoles is both possible and likely, the modeling described
surements, we expect to be able to improve upon the accurabgve shows that the field isedominantlydipolar, and in this

of their radius estimate, and therefore upon the accuracy of ganse similar to the fields of the majority of magnetic A and B
inferred inclination. stars.

The trigonometric parallax of 84 UMa id .58 + 0.60 mas The longitudinal field variation computed from the best-fit
(ESA 1997). If we employ this value in conjunction with thenodel described above is compared with the phased magnetic
angular diameter, we can calculate the stellar radius. observations in Fig. 1.

Stepien and Dominiczak (1989) calculated the angular di-
ameterd = 0.21 mas of 84 UMa by comparing the observe%
and computed fluxes. Given the strong sensitivity of the inferre
angular diameter to the assumed effective temperature, we hByecomparing the magnetic field geometry and surface chem-
re-evaluated the angular diameter from the fluxes reportedibgl abundance distributions we have the potential to confront
these authors, employing effective temperatures from seveta predictions of chemical diffusion models with observations.
sources (Adelman 1985, Hauck & North 1982/1993, Stepieni8owever, our model of the magnetic field geometry of 84 UMa
Dominiczak 1989). This analysis yields; = 9780+ 350 K, is not strongly constrained. In particular, the large uncertainty
giving 6 = 0.223 + 0.02 mas. From this we obtain the stellaassociated witht means that the location in latitude of either
radiusR = 2.07+0.2 R,. If we furthermore employ the value magnetic pole is uncertain by aboti®. Comparing detailed
of v. sini = 65+1.5 kms~! (R&W, Rice 1998), we can invoke Doppler images with such an uncertain magnetic geometry is
rigid rotation to determine the inclinatian= 59 37°. not very useful.

With our inferred value of the inclination angle, we have suf- In addition, there are two other factors which complicate
ficient information with which to fit the observed longitudinathe interpretation of the abundance maps. Severe blending is
field variation using the simplest magnetic field geometry corncountered in the line profiles of this star (Rice 1998), and
sistent with a sinusoidal variation: an obliqgue magnetic dipolguggests that the detailed validity of the abundance maps may
The oblique magnetic dipole is a 3-parameter model, and sirie compromised. As well, the unusually largekm s~!) mi-
only two formal constraints are provided by the longitudinairoturbulent velocity employed by R&W will almost certainly
field variation (the two extrema), such a field geometry cannloave an important effect on the abundance scale of their maps,
be uniquely determined using longitudinal field measurementhich may well be underestimated by as much as 1.5 dex (Wade
alone. However, we have determinedased on arguments in-et al. 1997c).
dependent of the magnetic data. The two longitudinal field con- Clearly, we are limited in the quantity and quality of infor-
straints therefore determine the two remaining parameters in thation we can obtain about 84 UMa with the current data. We
model, the obliquity3 of the magnetic field axis relative to thewould like to point out that circular polarisati@thelle spectra
rotational axis, and the polar strength of the magnetic dipdlebtainable at a facility such as Pic du Midi Observatory, using
Bq. The obliquity angle is calculated via the expression:  the MuSiCoS spectropolarimeter) could be employed in con-

Ly junction with Least-Squares Deconvolution (Donati et al. 1997,
tan f = (7) cot i, (3) Wade et al. 1998) in order to extract unblended mean spectral
1+7r line profiles as well as high signal-to-noise ratio mean circular

where the parameteris the ratio of the longitudinal magneticPolarisation profiles for 84 UMa. These profiles could then be
extrema (Preston 1967). In the case of 84 UMa; —0.30 + Used to generate Doppler abundance maps free from any ambi-

5.1. Magnetic field geometry

.2. Chemical abundance distributions

0.13, and we find3 = 481 }7°. guity due to line blending, as well as a magnetic field model with
The polar field strengt3; can be computed using the exWell-constrained£10°) ¢ and 3 angles. This would represent
pression: an important improvement over the current results.
B, = Braw 3—u . . . -1 4
a=20-B (15 n u) (COS Beosi+sinf Slm) (4 6. Evolutionary state

as adapted from Preston (1967), whétg** is the value of The precise radius derived in Sect. 5 can be used in con-
the longitudinal field at maximum. We have assumed a valjunction with the effective temperature in order to determine

of the limb-darkening coefficient = 0.4, which has been esti- the location of 84 UMa in the radius-effective temperature

mated from a fit to the limb darkening profile synthesized usir(g)g(%) —log T.g) plane. Using model evolutionary calcula-
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Burke & Barr (1981) and Rice & Wehlau (1994), and we con-
clude that these periods represent the 1/y alias of our adopted
period.

By considering the sinusoidal longitudinal field variation
and our computed constraint on the rotational axis inclination
1= 59fé7°, we have constrained the magnetic field geometry
of 84 UMa and find3 = 48"37° and By = 16207327 G for
the magnetic obliquity and dipole polar strength, respectively.
These results are inconsistent with the suggestion by Rice &
Wehlau (1994) that the magnetic field of 84 UMa has a complex
global structure.

Using a precise new value of the radius (computed using the
Hipparcos parallax), we have inferred the mass, age and surface
gravity of 84 UMa using the theoretical evolutionary tracks of
Schaller et al. (1992). These results place 84 UMa quite close to
the ZAMS, a result inconsistent with the suggestion by Hubrig
& Mathys (1994) that the magnetic Ap stars may be near the
Fig. 3. Position of 84 UMa in théog(%) — log T plane. Evolu- end of their main sequence life.

tionary tracks (from Schaller et al. 1992) are labeled in solar masses.
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Table 3. Summary of physical data for 84 UMa.
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