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Variation of magnetic field of CP stars with age
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Using available data on the mean surface Bs magnetic fields of SrCrEu type CP stars, the change of
Bs with age has been studied. Earlier assumptions are confirmed that the mean surface magnetic
field of CP stars Bs changes in inverse proportion to the cube of evolutionary increasing radius,
as it must be in the case of a dipolar field configuration. If additional sources of dissipation
existed, the surface field would decrease faster. As time estimations of pure ohmic dissipation of
the magnetic field give values much greater than the lifetime of stars on the main sequence, the
presence of the cubic relation does not conflict with the assumption that the full magnetic flow
will not change during the whole time the star stays on the main sequence, that the magnetic field
decreases only owing to ohmic dissipation, and there are no other sources of its destruction such
as differential rotation, meridional circulation, turbulence and others. Compared to the lifetime
of SrCrEu type stars on the main sequence, the time of appearance of the field near ZAMS (Zero
Age Main Sequence) is very short. Extrapolation of the mean relation of magnetic field change

with age on ZAMS gives a mean field value of Bs
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1. Introduction

The study of the behavior of magnetic fields of chem-
ically peculiar stars during their evolutionary move-
ment across the main sequence band is of great impor-
tance for revealing the evolutionary features, in par-
ticular, conditions of conservation of magnetic fields
and chemical anomalies with time. In (Glagolevskij
1988) we made an attempt to study the field change
with time using root mean square values of effective
magnetic field < Be >= [Y(Be? — 07)/n]'/?, first
introduced in (Brown et al. 1981). It turned out, that
in a first approximation the field decreases approx-
imately as the square of evolutionary changing ra-
dius, although dipole field (to a first approximation
the structure of magnetic fields of CP stars is dipole)
must change in inverse proportion to the cubic radius.
This result had to be checked. It is interesting that the
mentioned relation gets its maximum after the stars
are already away from initial main sequence and are
close to the band, occupied by the stars of luminosity
class V. The same relation ‘magnetic field < Be > —
age’ was constructed for CP stars of all types. Later,
in (Glagolevskij, Chountonov 1998) we attempted to
construct such relations for the main four types of
CP stars separately. Despite the obvious shortage of
data, to a first approximation, we could state that

~ 18 kG.

stars: magnetic fields — stars: chemically peculiar

magnetic field of He-rich stars increases during the
whole time they are on the main sequence, and starts
to drop only at the end. The field of He-weak stars
first increases, close to the band occupied by the stars
of luminosity class V reaches its maximum and then
decreases. The field of Si and SrCrEu type stars is also
seen to decrease, but no initial increase and maximum
are noticeable. Thus, the field decrease at radius evo-
lutionary increase is surely apparent for stars of all
types, so the initial increase may be assumed. Ap-
parently, chemical anomalies behave in the same way
(Glagolevskij, Chountonov 2001; Leushin et al. 2000).
At first the degree of chemical anomalies increases,
having achieved maximum in the middle of the main
sequence band, and then it begins to decrease. The
< Be > magnetic field root mean square values only
approximately characterize the magnitude of the star
magnetic field, mainly because they depend on the
star orientation relative to the observer. In such an
investigation it would be best to use the mean surface
magnetic field Bs. By now a great number of Bs mea-
surements have been accumulated, and in this paper
we try to use them for more accurate definition of the
relation being studied.
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2. Parameters

In Table 2 are presented the stars for which the values
of the mean surface magnetic fields Bs and relative
R/Rz radii values are known. R is the star radius
at present, and Rz is its radius while it was on the
initial main sequence (ZAMS). R/Rz(G) are relative
radii, estimated by absolute values from (Gomez et al.
1998), which were defined by Hipparcos parallaxes.
We defined the values of R/Rz(f) using the mul-
ticolor photometry parameter . Relative radii are
connected to lgg by the following relation

lg(R/Rz) = 0.5(l99(ZAMS) — lgg),
it is obtained from two known formulae
lgg =lgm + 4lgT, + 0.4M, — 12.49,

IgR/Rg = 8.46 — 29T, — 0.2M,,

where for the Sun T,= 5780 K, lg g= 4.44, M, =
+4.72, m is the star mass, M is its bolometric mag-
nitude.

The usage of relative radii instead of lgg gives
a more obvious idea regarding the star location on
Hertzsprung-Russel diagram and a more accurate re-
lation for the star radius.

To estimate absolute values of M; the effec-
tive temperatures were taken from the catalog by
Glagolevskij (2002). For some stars there are no tem-
peratures in this catalog, therefore we estimated them
over again by the same calibration, they are given
in Table 1. Values Rz were estimated from M, and
by means of star initial position shift along the evo-
lutional track on Hertzsprung-Russel diagram down
to ZAMS. The point of intersection with ZAMS cor-
responds to Mp of the star on it. As is shown in
(Glagolevskij 2002), the mean errors of R/Rz(QG)
and R/Rz(B) values are of the same order, +0™2.
Bolometric corrections were taken from (Strayzis,
Kuriliene 1981). In the upper part of the main se-
quence band there exists some uncertainty in the star
position relative to the track, but such stars are very
few and their impact on the relation is very insignif-
icant. To get a rough idea about the reliability of
relative radii estimates in two different ways, we in-
troduced a column in Table 2 containing values of A,
which are deviations of both values from the mean
value. It is clear that mainly they are not large. It is
shown in (Glagolevskij 2002) that A notably depends
on the degree of chemical anomalies. An important
point is that mean surface magnetic fields Bs are ba-
sically known only for SrCrEu type stars (Table 2).
Therefore, all further conclusions will concern only
stars of the mentioned type.

Table 1: Magnetic stars temperatures

D Te, K D Te, K
29578 10100 134214 11200
59435 9900 142070 9800
61468 10200 165474 10000
70331 14300 166473 11300
75445 10500 335238 9800
93507 81010 200311 13500
116114 9900 208217 10700
116458 10100 216018 7400%
119419 11000

*) Hubrig et al. (2000)

3. Dependence of Bs on R/Rz

The dependence plotted from Table 2 data is pre-
sented in Fig. 1A. It is characterized by the fact that
near ZAMS a significant dispersion of points is ob-
served, and three stars having extremely strong fields
are sharply distinguished. These stars — HD 119419,
175362, 215441 — are of different types of peculiar-
ity. One can see also decrease of the field with age,
although scatter of points is rather wide and we can
consider only a tendency to gradual taper of the field.
As mentioned above, and it is seen in the figure, mag-
netic field, probably, appears on surface close to the
place where stars approach ZAMS after Herbig Ae/Be
evolution stage. If the total flux undergoes no losses,
but for ohmic dissipation (Glagolevskij, Chountonov
2001), then the mean surface magnetic field must de-
crease with time as a result of radius evolutionary
increase in proportion to R73, if it has a dipole struc-
ture.

Under the conditions of such an ionization degree
as inside stars, the ohmic dissipation time is 7 ~ 10—
1010 years, i.e. significantly longer than the lifetime
on the main sequence (Glagolevskij et al. 1987).

We have fitted the assumed cubic relation so that
it is as close as possible to the observed values. It
turned out to be the following: Bs(mean) = 18-R~3,
and in Fig. 1A it is drawn with a solid line. To
find out how the observed values deviate from the
guess ones, their differences were calculated: ABs =
Bs — Bs(mean) for the same R/Rz, which are pre-
sented in Fig. 1B. Three extreme stars are situated
detachedly. On average, the points are located sym-
metrically along the median line. Thus, we can sup-
pose that there is no contradiction with the assump-
tion that Bs is proportional to R™3. At first, this
assumption is in conflict with location of the three
extreme stars and group of stars below the median
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Table 2: Parameters of stars with known mean surface magnetic field Bs

HD Bs R/Rz(G) R/Rz(8) R/Rz(mean) A  Sourceof Bs Type

2453 3700 1.5 1.6 1.55 0.05 1 SrCrEu
5797 1800 1.9 - 1.9 - 2 SrCrEu
8441 100 2.1 2.3 2.20 0.10 2 SrCrEu
9996 4800 - 14 1.4 - 1 SrCrEu
12288 7900 1.9 1.7 1.80 0.10 1 SrCrEu
14437 7700 - 1.3 1.3 - 1 SrCrEu
18078 3800 2.8 24 2.60 0.20 1 SrCrEu
22374 500 1.9 - 1.9 - 2 SrCrEu
24712 2600 1.1 1.4 1.25 0.15 2 SrCrEu
29578 2700 1.6 - 1.6 - 1 SrCrEu
50169 4800 1.8 - 1.8 - 1 SrCrEu
55719 6500 1.9 1.8 1.85 0.05 1 SrCrEu
59435 3200 - 1.7 1.7 - 1 SrCrEu
61468 7100 1.2 - 1.2 - 1 SrCrEu
65339 12800 - 1.3 1.3 - 1 SrCrEu
70331 12300 - 1.1 1.1 - 1 Si
72968 2800 - 1.3 1.3 - 3 SrCrEu
75445 2990 1.2 - 1.2 - 1 SrCrEu
81009 8400 1.0 14 1.20 0.20 1 SrCrEu
93507 7250 1.8 - 1.8 - 1 Si+
94660 6200 - 1.6 1.6 - 1 Si+
110066 4100 - 1.1 1.1 - 1 SrCrEu
111133 3700 - 1.8 1.8 - 2 SrCrEu
112185 330 - 1.5 1.5 - 9 SrCrEu
112413 2900 1.4 1.1 1.25 0.15 5 SrCrEu
115708 3850 1.3 1.2 1.25 0.05 6 SrCrEu
116114 5900 1.3 1.6 1.45 0.15 1 SrCrEu
116458 4700 - 1.9 1.9 - 1 Si
118022 2900 - 1.7 1.7 - 2 SrCrEu
119419 23000 1.2 1.1 1.15 0.05 6 Si+
126515 12300 1.3 - 1.3 - 1 SrCrEu
134214 3100 - 0.8 0.8 - 1 SrCrEu
137909 5500 1.8 1.2 1.50 0.30 1 He-w
137949 4700 1.5 1.1 1.30 0.20 1 SrCrEu
142070 4930 - 1.7 1.7 - 1 SrCrEu
147010 12000 1.0 1.0 1.0 0.00 9 Si+
165474 6500 - 1.4 1.4 - 1 SrCrEu
166473 7600 - 1.2 1.2 - 1 SrCrEu
175362 28000 1.0 1.2 1.1 0.10 7 He-w
176232 2100 1.6 1.9 1.75 0.15 2 SrCrEu
187474 5000 - 1.5 1.5 - 1 Si+
188041 3700 - 1.2 1.2 - 1 SrCrEu
191742 1800 2.8 2.1 2.45 0.35 2 SrCrEu
192678 4700 - 1.6 1.6 - 2 SrCrEu
196502 2000 - 2.5 2.5 - 2 SrCrEu
335238 9880 1.8 - 1.8 - 1 SrCrEu
200311 8760 1.3 1.4 1.35 0.05 1 Si+
201601 3800 1.0 14 1.2 0.20 1 SrCrEu
204411 500 - 1.2 1.2 - 2 Si
208217 7900 1.4 - 1.4 - 1 Si
215441 34000 1.2 1.0 1.1 0.10 8 Si
216018 5660 1.3 - 1.3 - 1 SrCrEu
221568 1800 1.6 - 1.6 - 2 SrCrEu
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Figure 1: A — relation between the mean surface magnetic field of CP stars and their relative radius R/Rz.
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Figure 1: B — relation between the deviations ABs = Bs — Bs(mean) and the relative radii R/Rz.

line. For clarification of this contradiction we plot-  exception. It is seen from Table 2 that these relations
ted a relationship between Bs/Bs(mean) and R/Rz  are plotted basically for SrCrEu type stars, so conclu-
(Fig. 1C). It is obvious that the relative dispersion of  sions of this paper are related to these stars mainly. In
points is the same within all the range. Consequently,  our papers (Glagolevskij, Chountonov 1998, Leushin
strong fields of stars located near ZAMS are not an et al. 2000) it is shown that surface field decrease with
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Figure 1: C — relation between the relative values Bs/B (mean) and the relative radii R/Rz.
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Figure 2: Histogram of distribution of the number of stars with known Bs versus different relative radii R/Rz.

age takes place also for stars of other types and that
field growth for the He-r and He-w type stars close to
ZAMS surely takes place. For the SrCrEu type stars
the field growth phase is not observable because of a
very short time (presumably 106 years) in compari-
son with the lifetime on the main sequence. That is
why it is unnoticeable.

Thus, the change of the magnetic field of CP
stars during their evolution on the main sequence,
obviously, occurs as a result of radius evolutionary
increase. Unfortunately, in consequence of the ob-
servational selection there are very few stars near
R/Rz > 2.5. Stars are considered to be of CP type
only when anomalies are strongly pronounced. While
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locating near ZAMS, when the field and anomalies are
weak and still growing, such CP stars are difficult to
classify, and the study of this period is inconvenient.

Extrapolation of the obtained mean cubic rela-
tion on ZAMS shows that the mean magnetic field
of magnetic stars on the initial main sequence must
be Bs; ~ 18 kG on average. This property needs fur-
ther discussion. As it has already been mentioned, the
change of the mean squared field < Be > with age
(Glagolevskij 1988) takes place in inverse proportion
to the star squared radius. The distinction from the
relation for Bs probably occurs because the mean
squared field depends on the star orientation relative
to the observer, and relation is “blurred” because of
the great scattering of points. The check-up of other
Bs ~ R~2 and Bs ~ R~* dependences show their
strong asymmetry (Figs. 1B and 1C). This testifies
that the relationships of this kind do not conform to
the observational data.

4. Conclusion

The usage of more accurate material than before, al-
lowed obtaining data, confirming the preliminary con-
clusion made earlier (Glagolevskij 1988) that mean
surface magnetic field of CP stars decreases in in-
verse proportion to the cubic radius, as it is expected
in case of dipole field configuration. Since the estima-
tion of duration of pure ohmic dissipation of magnetic
field gives values much higher than the lifetime of
stars on the main sequence, then the existence of cu-
bic relation does not contradict the assumption that
the total magnetic flux does not change during the
whole time while the star is on the main sequence
and that the magnetic field decreases only as a result
of ohmic dissipation, and there are no other sources
of its destruction such as differential rotation, merid-
ian circulation, turbulence, etc. In case additional dis-
sipation sources existed, the surface field would de-
crease faster. The star atmosphere is so stable that
conditions of chemical elements diffusion, resulting in
chemical anomalies, occur.

Because of the data shortage, we could not obtain
clear information regarding magnetic field behavior
near the initial main sequence. The left boundary
of the considered relations is quite sharply defined,
which is evidence that the magnetic field appears dur-
ing a short time in comparison with the lifetime on
the main sequence. This can also be well seen on the
histogram of the number of stars versus R/Rz, pre-
sented in Fig. 2.

Extrapolation of Bs mean relation to zero age line
shows that during the period of approach of magnetic
stars to the main sequence, the star magnetic field has
an average value of 18 kG.
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