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ABSTRACT Some problem s of origi n and evolutio n of magneti c

field s i nCPstar s ar econsidered . Theargument s ar e presente di n
favou r of an assumptio ntha t CPstar s originat e befor e th e Main
Sequence and tha t nowthe yar ei nstabl estate . |t i sshowntha t

Magneti c field s generat e most probabl y by means of dynamo - effect

Ther e ar e many availabl e observationa | dat aat presen t fo r an
attemp t o thro wa lgh t uponth eproble mof origi nandevolutio n
of th e magneti c field sof CPstars . The mai n hypothese st owhic ha
seriou s attento n i s pai d now ar eth e hypothese sof th ereli c
fiel dandth edynamo fiel deac hof the mhavin g positv. e and nega -
tiv efeatures . Wedonot hopeat th eneares t tm et ogiv e a defin -
it eanswer onth equesto nhowa magneti ¢ fiel d originate s and
what occur s wit hit after , but , however , analysin gth e availabl e
datai t i spossibl et oelucidat e whic hof thes e hypothese si s th e
most probabl e one .

Klochkov a an d Kopylo v (1984a , 1986a , 1986b ) an d Glagolevskij
Klochkov a an d Kopylo v (1984 , 1986 , 1987 ) hav e show n tha t neithe
th e surfac e abundanc e (th e degre e of peculiarit yP for the mai
chemica | elements ) nor th e mean magneti c fiel d<B.,>chang eat th
perio dwhen CPstar sar eonth eMain Sequence (Fig . 1 and?2 a)
From th e Fig . 2bonemaysuppos etha t at t moment CPstar s hav e
acquire d magneti c field seithe r duet o contractio nof th e magnet -
ized cloud s in the cours eof thei r generatio nor duet odynamo
process . Thestar swit hlarg emasses (M) evolv efaste r and reac h

e

® > = -

a zer o agesequenc e (0 "inFig . 2b) att =10 °- 10 *years , and th

star swit hsmal | massesatt #0 °- 10 'years ; afte r thi s the y con -
tinu e t o evolv ewit h differen t rate of course , acros s th e
Main Sequenc e wit h th eradiu s increase ) andreac hth e uppe r boun -
dary of th e Mai nSequenc e- Il . Thedependence sshowni nFig . 1

and 2 a attribut e onanaverag et ostar sof V luminosit yclass , so
in th e case of alaqg echang eof <B.,>i na tim ether ewoul dbe
notice d som e variatio nof <B,>-(lo gt ) dependence . (Th esta r age s
are determine d by Glagolevski j (1987 ) usin g lbe ntracks , th e mean
ages of differen t typ estar sar egive ni nTabl e 3) . From Fig . 1
and 2aitisseentha t onth elowe r boundar y of th e Mai n Sequenc e
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the value s of th e chemica | anomalie s andth e magneti c field s hav e
th e same
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guantt yasat th e folowin gstage s of evoluion . It is quit e
obviou s tha t bot h ar e acquire d by star s befor e th e Mai n Sequence .
Thefac t of (HQMn) HD2964 7 sta r discover yi nth erego nof sta r
formato n i n Taurus , whic his , evidently , onevoluto n stag e
befor e th e Mai n Sequenc e (Straizy set al. , 1982 ) confim s thi s

v

)

1

assumption . As it was suppose di npaper s of Klochkova , Kopylo
(1984a , 1986a , 1986b) , Glagolevski j et al . (1984 , 1986 , 1987
th e magneti c¢ fiel d an d chemica | abundanc e di d not chang e further

It i sprobabl ytha t eithe r th e magneti c fiel d i s constantl y bein g
“fed " by dynam o proces s or th e atmospher e conditon s ar esostabl e
that a fiel d i s dissipatin gonl y ohmical yonth etim escal eof
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10°- 10" years as it follows from the theory and the diffusion
processes are in equilibrium with those of destruction of chemical
element concentration regions. In this connection it is interest-
ing to see the Dbehaviour of a field when CP stars are in the
course of evolution across the Main Sequence when radii of stars
grow 1.5-2 times from the moment of their appearance on the zero
age sequence to the moment of their going to the upper boundary of
the Main Sequence. In the condition of the magnetic flow preserva-
tion the field value on a surface must decrease proportionally to
R”. Glagolevskij et al. (1986, 1987), North and Cramer, (1984),
Glagolevskij and Chunakova, (1984) have shown that there exist
some signs of such field decrease. We studied again this problem
on the basis of our more exact, as we think, data. The Fig. 3
shows the diagram which
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demonstrates dependence of the mean magnetic field <B,> for CP
stars wupon their relative radius R/R,, (R, is the radius of the
star on the zero age of the Main Sequence and R is its radius at
the present time). For construction of the considered dependence
we took the root-mean-square value of the magnetic field from
Glagolevskij et al.(1986), the radius was calculated from the
balometric values M that were received from the parameter J5 of
the multicolour Geneva photometry (Houck and Mermilliod, 1980).
The procedure of determination of these parameters is reported by
Glagolevskij, (1987).

The slope of the dependence in Fig. 3 is close to the law R,
marked by the dashed line and this does not contradict the assump-
tion that the surface field of CP stars changes in time only due
to the radius increase, but not due to dissipation. The left part
of the dependence in Fig. 3 as 1f demonstrates the field increase
near the zero age of the Main Sequence, but the absence of the
same increase on the dependence <B_>-(log t) in Fig. 2a and 4
brings us to an assumption that this is caused by "diffusivity" of
the low boundary part of the Hain Sequence and by errors arisen
due to small amount of stars, presented in the first point of
Fig. 3.

The Fig. 4 shows <Be>0 (log t) dependence where all the field
values are corrected for the effect of radius increase, i. e. each
star after the correction has such a magnetic field <B_>, that was
on the initial Main Sequence.

From this Figure we can see that the field does not change in time
and the line of regression is as follows:

<Bedy = -0.04b log t + 1.63,

where a coefficient a = -0.0461 0.0S3. From this Figure we can
make an assumption that, first, the star appears on the Main
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Sequence wit h a fiel dalread yand, second , a magneti ¢ flu x whil e
bein g onth e Mai n Sequenc e doe s not change . For convincingnes sof
thelas t assertio nwedevide da | 16 7 star sint otw onearl y equa |
part s wit h a boundar yat T,= 1300 0K. The "hot " grou pof star s
evolve sonanaverag emoretha nanorde r faste r tha n th e "cool
one f{laeg t =6.5fora "hot " grou pand log £ =7. 7fo r a "cool
one) . Th e dependence s<B ,>,(R/R ) wer econstructe dfo r thes e two
groups . Theyar eshowni nFig . 5. I ti snot noticeabl etha tth e
“cool "
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grou p was losin g additionall ya fiel dat th eexpens e of some dissipatio n
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mechanis man d differe d fro mth e "hot " oneby for eof th e dependence

For simultaneou s preservatio nof bot h magneti ¢ flu x an d chem-
ica | abundanc e anomalie s i nth e uppe r atmospher e layer s durin gth e
whol e tim ewhen CPstar sar e onth e Mai n Sequenc e th e extremel vy
stabl e atmospher e i s necessary . A ver y importan t questo ni nth e
proble mof origi nandevoluio nof magneti c field si sth elos s of
angula r momentum of CP star s whic h was studie d by Glagolevski ]
(1987) . Some author strie dt ofin dth esourc eof breakin gat th e
perio d when th estar swer eonth e Mai n Sequence , but ther e aros e
some definit e difficultie s (necessar y conditon s fo r breakin g wer e
not found) . The proble mmay b e essentiall y simplifie di f wesup -
pose tha t th e angula r momentu mlos s had occure d at th e perio d
befor e th e Mai n Sequenc e (Glagolevskij , 1985a , 1987 ; Klochkov a and
Kopylov , 1984b , 1985) . Thedependenc eof th e mean valu e of th e
rotaio n perio dP ( Pi stake nfro mth ecatalogu eof Catalan oand
Renson, 1984 ) fo r star s of principl e peculiarit ytyp e upon thei r
mean ages lo gt is shown in Fig. 6. TheFigur e present s als o
analogou s dependenc e fo r norma | star s fo r whic hP = 50. 6 RV, and

——= 2

V=Y asin isttsin i1¥) =V sin i/0.7.

ik L
d580 75 70 65 gt

Fig. &
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Vsi ni dat a ar e take n fro mth ecatalogu eof Uesugi and Fucud a
(1970) andals ofro mth e pape r of Klochkov a an d Kopylo v (1986a)
Fromth eFigur ei t canbeseentha t th efastt yevolve dmassiv eCP
star s diffe r fro mth e norma | star sles stha nth eslowl y andlong -
devolve d small-massiv e stars.Thi sfac t may indicat etha t th eyoun g
CPstar shavenotim efo r breaking . A compariso n of normal and
peculia r star s accordin gt othei r spee dof rotato n velocit y chan -
geoccurre ddue t oth eradiu s increase , when the y ar eevolvin g
acros s th e Mai n Sequence , hav e show ntha t th e peculia r star s brea k
not faste r tha nth e norma | one s (Glagolevskij , 1987) . Thi s i sone
more argumen t i nfavou r of th e assumptio n about th erotaio n mo-
mert los sby CPstar s befor eth e Mai n Sequence . A stud yof P dist -
ributio n ha s show ntha t thi s distributio n i s maxvelia n (Glago -
levskij , 1987 ) andi nth efirs t approximato ni s characterize d by
Deutsch' s formula e (Deutch , 1970) .

£1p) =faNEh exp(-p*).

Distributio nof CPstar sof th e ma n peculiarit y type s withi n th e
erro r limt s may be considere das maxvelia naswell , bot hth e
maximum position s o f thes e distribution s and thei r form s bein g
dependent upon th e mean agelo gt (Glagolevskij , 1987) . Maxim a
P(max) and averag e value sof P (fo r distribution sof star sof th e
main peculiarit y type s accordin gt othei r periods ) dependin g upo n
t,-th emeanage sof CPstar sof th e mai n peculiarit ytype sonth e
inia | Mai n Sequenc e appeare dt ob e as follows

Tahle 1

I a2 A S =3 -2 2 2 - bk bt
Type He-r He-w 5i + SrCriEu
Pimax) 1,10 1.15 1.50 2.00

t,, years 6.0-10° 2.0-10° 5.0-10° 8.5-10°
P, days 3.4 3.1 4.3 8.4

Inthi s Tabl ewegiv et ,sinc eweassumetha t th ebreakin g occur s
unifoorml 'y up t oth esta r arivin g ont oth e inita | Mai n Sequence .
Thisi sa ver yroug hassumption , but th edetal sof th e breakin g
conditon s ar e quit e unknow nfo r us . The dependence s P(max) (t )
and P (t,) areshowni nFig . 7 fro mwhic hit follow s that th e
breakin g ha s a n exponentia | characte r

Et/n-{n‘

-~ 1a®
P=2.7- P (max) = 0.97.ot/131

Inbot hcase sth etim eof breakin g tappeare dt obeclos e to th e
valu e ~10'years . | t shoul dbenote dtha t thi si s rathe r a roug h
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estimation , sinc ei t i sclea r tha t th ebreakin g was not unifor m
durin g th e perio d "pefor eth e Mai n Sequence" . | t i s unknow n what
was th ereaso n fo r changin g th e structur eandth efiel dvalu e at
the perio dwhenth esta r was enterin g th e initia | Mai n Sequence .
If on eassume sth esimplies t cas etha t asta r fiel di srelic , the n

at th eperio dwhi nth esta r structur eandit sradiu s chang eor at
theperio dof accreio norlos sloss , th e fiel d can not rema n
constant

Sone mechanism s o f breakin g ar e supposed : a hydromagneti c on e

(Fleck , 1980) , mass los s wit h a magneti c fiel d participatio n
(Strittmatte r andNorris , 1971 ; Mestel , 1972) , accretio nwit h mag-
neti ¢ fiel d participatio n (Havne s and Conti , 1971 ; Mestel , 1975 ;
Bychko v an d Fabrika , 1987) . However , th e firs t i s hardl y an

effectiv. e one. One of th e Bain conclusion s of thi smechanis m
theor yi stha t th e breakin g tim ei s strongl y dependen t upon th e
dipol e orientation . I fth eangl eof dipol eaxi st oth e rotationa |
axis 1 ~90° , the nth e breakin g tm e i s 2 ~ 10°years,an d i f
xX~0, the n +40° years.W e compare dth e mean period s of stel

lar rotatio n wit h smal | andlarg e angle s £, which werecalculate d

usin g method s describe d by Glagolevski | (1985b)
Table 2
EEEsESSE=Ss=====o= STz SE=S=s EESSEESESSE
Angle [ +d nuaber of
range days stars
Y <a5° 8.4 1.0 7
Y >45° 5.1 0.6 33




From this Table we see that there exists a correlation of periods
for these groups of stars but rather an opposite than the expected
one, though the difference is not more than 36 . Therefore, the
dipole orientation does not cause the breaking process and thus,
Flack's hypothesis is not 1in agreement with our assumption. North
(1984) has come to the same conclusion about the small role of
this mechanism otherwise. Accretion and mass loss mechanisms are
in great dependence wupon the following facts: which of them
occurred at the period of maximum magnetic field, their duration
and activity.

Ehere is a possibility to find the exponential parameters
for P wvalues wit_:h a higher accuracy. For this purpose we
corrected the log P(t) dependence (see the curve 2 in Fig. 7) for
the influence of analogous dependence for normal stars and
obtained the straight 1line 1 in Fig. 7. If the field did not
influence the rotation periods of CP stars, then the log P(t)
dependence was the same as that one observed now in normal stars.
Having introduced these corrections we obtain the breaking effect
with magnetic field participation as if in a ‘"purer conditions".
The new exponential curve looks like

[y
Fo=3.1.et/810

Thus, the P, and T parameters did not change essentially. However,
this formula is true if P, periods of all the stars are similar,
that is hardly probable. What was a real P, period is unknown. If
we suppose that P, for CP stars of each peculiarity group are equal
to the mean periods of normal stars with the same temperatures,
then we obtain four exponential curves for He-r, He-w, Si+ and
SrCrEu - stars with P, equal to 2_‘.'35, 2‘.‘05, 1460, 1435, and
£ equal to 3.7°10°, 4.8°10°, 6.010° , 4.610° years, respectively.
The last values are 1.5 - 2 times lower than the preceding values
(8'10° years). With the help of these data we have found for each
star the values of periods at t, moment. The results are plotted
in Fig. 8 from which it is seen that the main amount of stars are
concentrating now within P & 1 - 1.5 days and only some of them
are on the right.

They are breaked, probably, stronger due to more favourable con-
ditions, that 1is due to more accelerated tempo of mass loss or
their field configuration was nearer to the dipole one, or due
their being in a "tail" of maxwellian distribution P and etc.

The observed log <B_><log P> dependence from the paper by
Glagolevskij (1985a) which demonstrates the well known right B® P
correlation and the new calculated dependence after reducing of
all P to P, are presented in Fig. 9. We see that maximum has
shifted from P~ 8 -9° to P~ 2.5 and the curve became more sym-

metrical and an impression about the existence of right B = P
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correlation had disappeared. Due to the fact that at the initial
period (near t_ ) the young stars had rather narrow range of rota-
tion velocities, it 1is difficult to expect the significant influ-
ence of the supposed correlation as result of dynamo B

) (Mestel,1975) action on the generated magnetic field value.
At the period of breaking stars with a stronger field are
decelerated and, apparently, only this effect influences the B=t P
dependence and provides the known right correlation (Glagolevskij,
1985a; Landstreet et al., 1975; Mestel, 1977). If the field 1is
relic then the Dbreaking process with the help of the magnetic
field will lead also to the right correlation.

Mestel and Moss (1977) supposed that the right B =& P correla-
tion can appear due to influence of the supposed meridional circu-
lation which "hides" the field inside the star, the activity being
in great dependence upon the rotation velocity ( P smaller).
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However, no signs of meridional circulation existence were
observed, this is only an assumption. As it is shown above, it 1is
doubtful that there is a field dissipation more rapid than the
ohmical one. This is the first difficulty of the meridional circu-
lation. The second one is that one of the main assumption of the
hypothesis for meridional circulation is the necessity of k{%)
dependence existence. It appeares because circulation must reduce
the dipole axis to X~90°and simultaneously weaken the field on
the surface which is being carried inside the star. Our calcula-
tions of these angles using the data of Glagolevskij et al. (1986)
gave the following results:

21 <5 > 35"
%, s 3.2 6.1

Thus, the correlation of i;li) is inverse to the expected one. The
same effect can be well seen from the following data:

Takle 3.
EE S ETE o EDETETESEED==EN ===== ==
Main types He~-r He-u §i + SrCrEu
% 56° §2° 55" 51°
td 5° 4° 'Y 3*
ig t 6.2 4.8 7.5 8.4

From the Table it can be seen that the dipole orientation relative
to the rotational axis is independent upon the star age (the %
angles of all type stars are equal to the mean value at ordinary
dipole orientation). These data show well that there are no indi-
cations of meridional circulation existence in CP stars and it is
the second uncertainty of this hypothesis. Therefore, the right B
*+ P correlation occurs only due to the Dbreaking effect. Thus,
there is a sufficient amount of data in favour of the assumption
that CP stars generate before the Main Sequence.

Let us discuss two most probable, from the modern point of
view, mechanisms of magnetic field generation - relic and dynamo
ones. Against the assumption that CP stars have a relic nature of
the field are the following facts:

1) . It is unknown yet why only 10% of stars preserve their
magnetic fields and the rest ones are losing them completely. It
is naturally to assume that a field can preserve itself to great
or small degree depending upon the ambipolar diffusion intensity,
but not disappear at all.

2) . Among the double systems there are practically no
pairs with both CP -components; more often one of the components
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itanormal star . | f weassumereli cnatur e of th e field , the n
bot h component s must be magneti ¢ one s sinc e the y ar e generate d
fo mth e sam e cloud

3) . Glagolevski j, (1985b ) an dothe r author s hav e show n
that the greatest part of magnetic fields have dipoles oriented

at largeangletotherotationaxis.ltiseasilyexplainedwith
the hel p of dynamo mechanism , but it is notclea r fro mth e
viewpoin t of th ereli c field

4) . At presen t ther ear eknownat leas t tw o star s whic h
cleal y sho w th e quadrupol e configuratio nof th efiel dandwhic h
can b e generate d onl y by dynam o mechanism .

5). Thelac kof clos ebinarie s (Lebedev , 1987 ) wit h CP-
component indicate s most of al | i nfavou r of th e fiel d generatio n
by dynam o mechanism , but not by it s contractio nwit h th e magnet -
zed gas. We may suppos e tha t tida | force sof a clos e com-
ponent disturbe d th e conditon s of th efiel dgeneratio nand dis -
tube d als o th e diffusio n condition s indignatin g thei r surfac e
layers . Fro mth evie wpoin t of reli cfiel d it i s impossibl e to
interpre t why generato nof clos epar s fro mth e magnetize dgasi s
more difficul t tha ntha t of wid e pairs

Ther e ar e th e uncertaintie sof th ereli c fiel dhypothesis . At
the same tim e it shoul dbenote dtha t i ncas eof dynamo a smal |
amount of star s havin ga magneti cfiell d seems to be natura | i f
remember tha t fo r generatio ni t i snecessar yt otak e int o accoun t
th e followin g conditions 1) th elac kof nonstationar y processe s
whic h distur b th e homogeneit y of cicloni ¢ vortexe s and distur b th e
earlie r generate dfield ; 2) th e lac k of differentia | rotatio n
(Radler, 1986 ) rathe r weak fiel d dissipatio n an d etc

The observation s sho wtha t onth eearl yevoluio nstage s th e
star s ar eunstabl ei na lot of case sand, probably , the yar ejus t
thefutur enorma |l stars . What canonesuppos eon behaviou r of a
magneti c sta r afte r it s fiel dgeneraton ? Thecool CPstar s appea r
onth e Mai n Sequenc efo r 10°-10 ' year s and th e hot ones for
10° -10 “years . | t i sevidentt ytha t thi stim ei squit eenoug hfo r
the fiel dt obeacquired , breake dand enric hth e uppe r atmospher e
layer s by heav y chemica | elements . Concentratio nof chemica | ele -
ments coul d occu r not earlie r tha nth etim e when th e atmospher e
became quit e stabl e an d accretio nand mass los s processe s stopped
Just th e hig h stabilit yof th eupper layer s ( f conside r th e dif -
fusio n hypothesis ) can provid eth efiel dandchemica | abundanc e
stability . | nfirs t approximatio na coincidenc e of region s of
peculia r elemen t concentratio n wit hth emagneti c pole slead st o
an assumptio ntha t a magneti ¢ fiel d influence s th e diffusio n
processes , fo r example , i t help sth eion st odriv ealon gth eforc e
lines . Theni nth equit eunturbulen t atmospher eth e magneti c fiel d
i s distroye donl ybyohmi c mechanis mand , therefore , magneti c flo w
dissipatio nin tm eonth eMai nSequenc ei snot noticeable . The
battare y mechanisms , of course , generat e toroida | magneti c field ,
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but i t doe snot transfor mint oth epoloida | fiel dduot oth e lac k
of meridiona | circulatio n streams

The uncertaint yof th edynamo hypotheti ci sth efac tthat in
accordanc e wit h th e paper s of Larso n (1969 ) th e star s wit h mass
more tha n2M, hav e n o convectiv e phase . Therefore , ther e ar e no
conditon s for th e fiel d generaton . A larg e amount of uncer -
tainie s agains t th e hypothesi sof reli c fiel dlead st oan assump -
to ntha t eithe r Larso ni snotrigh t or th efiel dgenerate sbyth e
unknown mechanism .
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