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ABSTRACT. It is shown that the interstellar gas (ISG ) accretion
cannot occur onto magnetic stars as the gas should be effectively
expelled by the magnetic field. The star rotation braking is
highly ineffective. The conclusion is that these stars had
acquired their sloe rotation before they came to the Main
Sequence. The critical value of the magnetic field strength on the
pole, below which|S G accretion is possible equals only to a few
Gs. It is supposed that all the CP stars possess the magnetic
fields higher that the critical ones. If ISG accretion starts onto
a CP star, then for the observer in a relatively short time a
CP star eay turn a normal star or a star with weak chemical
anomalies in the atmosphere. It is predicted, that some normal
not-rotating stars possess strong magnetic fields. CP stars dis-
tribution along the Z-coordinate of the Galaxy and the frequency
of CP stars appearance in clusters is discussed. It is supposed,
that Ap stars are faint extended X-ray sources.

1. INTRODUCTION

Stron g magneti c fiel di softe nobserve di nCPstars . Ther ei s
no uniforml y assume d formatio n mechanis e of th e peculia r chemica |

compositio ni nstella r atmosphere s (Borra , Landstreet , Mestel ,
1980; Khokhlova , 1983) . I t was suppose dfo r exampl etha t thos e
anomalie s migh t b e cause d by accretin g interstella r gas , enriche d
wit h sta r evolutio n products , ont oth estella r surface . When ther e
are any convectiv. esurfac ezone s i n whic h gas mixin g occur si n
A stars , the y shoul dbever ythin . Therefor e eve nsmal | accreto n
rat e o f interstella rgas( Wge" - 10° g/s ) may be sufficien t
for th e chemica | composito n of interstella rgastofor mi nth e

atmosphere sof A star

W ar e testin g th e possibilit y of interstella r gas (IS6 )
accreto n ont o a magneti ¢ star . |t i sshowntha t accretio ni s
impossibl ei na wid eregio nof sta r and IS Gparameter svalues , as
the magneti ¢ fiel dof a rotatn g sta r wil | effectivel yexpe | th e
falin g ga s (‘propelle r effect* , see Shvartsman , 1970, 1971a ;
Davidso nan d Ostriker , 1973 ; lllarionov , Sunyaev , 1975) .
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To make everything definite me will admit such values for
star and ISG parameters: mass of the star M=3 .aﬂg' rotation
period P = 2 p, days, magnetic field strength on the pole H, = 10
Gs, stellar radius R= 2.5 I‘,R ., the correspondlng magnetlc moment
(the field is supposed dipole) M= HR /2 = 2.68 -« 10° }L ?Gs cm,
the wvelocity of the star motion through ISG V,= 20 v,km/s (Allen,
1973), ISG density accqunting forA average pj(?\lecular weight
(Kaplan, Pikel ner, 1979) ﬁ: 1.42 m,n = 2.37.10"H‘g/cm?‘We will
admit also that the sound speed c¢ in IS6 is less that the velocity
of star motlon relatively to ISG, (c.< V, ) or that the parame-
terE= (1 ¢ I:‘/ V J¥ = | | Me will keep to these values of the
parameters further with the exception of specially mentioned
cases.

2. ACCRETION ONTO MAGNETIC STARS.

The star going through IS6, the quantity of the gas captured

by it will be determined by the so-called capture radius:
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R° ----- -22-.201013,\1 Ch ., (1)

¥ e,
The stars accretion rate ¥g in a common case depends on a number
of parameters, 1in particular, on gas adiabatic index. Me will
assume the following definition (Bondi, 1952) for the future con-
sideration: n
. Amemth
I‘IGS TRTTTRYTTO= 5.9 10 .n t gls (2)

E Vv

]

The gas, captured by the star, mainly comes to it from the
side, opposite to star motion direction, a cone shock being formed
behind the star (see, for ex. Shvartsman, 1971b). In the shock the
captured gas loses a part of its kinetic enerqgy. As mean path
length of a particle (Lang, 1974) is 1=23.710" ¥ v;'.a cm, and
its Larmour radius (supposing of interstellar magnetic field H~3
10°Gs) is equal to }®10v, ¢, the shock wave 1is collision-
less. Besides, the shock behind the moving star must be unradia-
tive because of IS6 low density. During further falling of the
heated gas onto the star the accretion flow will become spherical
(Hunt, 1971).

A well-known value is Alfven radius R, , at which the mag-
netic field begins to influence the gas motion or, in other words,
the density of magnetic energy is close to the dynamic pressure of
the matter. The r@la‘rlve m?fl()li velocity of the matter and they
field 1is v= fo + ¥ Y3 , where ¥gp = { 26M/R ) K is
the free falling velocity, VS = QR =20 R/P is the rotation
velocity of the magnetic field. At Alfven radius the following
condition is realized: H% /8o = R y? 3 .
Assuming that ign the case of a dipole field H = 2 M /R™ and

ﬁ = Hﬂ. /4L R 'u'ﬁ, , we have
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At th e corotatio nradiu s

&M
o (emem 1fa . H 3 s
R, (ﬂ y = 8.71-10 Py B,

cn (4)
the magneti c fel drotatio nvelocit y isequal t o Keple r velocity
W can writ e down that at Alfve n radu s R/R=2*(V/NV,)™”
HOW doe s magneti c fiel dinterac t wit hth e matter ? At presen
observato n dat a of magneti ¢ star s ar e best describe d wit h th
modd of an oblique drotator , ie . th emagneti cdipol ei s incline
toth erotaio naxi sbysomeangl e / . As magnetospher e possesse
no spherica | symmetr y th e fiel d strengt h aroun d th e sta r i
periodicall y changing . | f o isth eangl e betwee n som e directio
andth erotatio naxi s of th e star , the n dependin g on o andf
ther ewil | be singl eor doubl ewaveof magneti c fiel dchang e wit h
rotatio nperiod . | f V >V, i nth e interactio nregion , the n thi s
interactio n wil | caus e effectiv e gasoutflo wfro mth erotatn g
magnetospher e ( th epropelle r effec t ) e
If to accoun t onl y fo r th e perpendicula r t oth e directio n
of magneti c fiel dlin e velocit y component (0 r toignor eV, i n (3) ,

Snwnwaono

the nth e expressio nfo r Alfve nradiu s wil | tak eth e form :
% . “t 14 *Ir lyA %

RA= 2 J.I. n-fizam = 1.810 J.La? s -3 vz. (5)
Comparing (4 ) and (5 ) showstha t fo r typica | paramete r values , Ap
star s ar e har d propellers , ke . R,>> R_.o0or V., >> V, (super -
soni ¢ propelle r (Davie set al. , 1979)) . As th e magnetospher e
possesse s no spherica | symmetry , it wil | spheriz ewhil egasi s
accretn gont oit . Beside s that , as -calculation s by Wang and
Robertso n (1985 ) show, magnetospher e i s subjecte dt oKelvi n -
Helmholt z an d interchang e instabilitie sat th eboundary . The mag-
neti ¢ fiel d i s sheare d wit h approachin g matte r and carrie si t
along . | nthi scas eth etangentia | velocit y component shoul d be
accounte dfor . I fV, >>V, weobtai nfro m(3)

213 s~y s oY 13 A 3/u 4’%3 ‘i‘o Flfs "hs
o= 2 R oeny QM 1,510 0 fy, E (6}
The expression s (5 ) and (6 ) restric t up an d dow n respectivel y

the valu eof rea | radiu s of th e magnetospher e R ., thoug h R, may
beclos et oth evalu e (6)

Wha i s th e outflowin g velocit yof th egas ? Thi s questo n has
been discusse d i n a number of paper s ( se e Lipunov , 1982a , fo r

example ) , but ther ei s nounambiguou s answer yet . | t may be sug -
geste d tha t th e matte r outflowin g velocit yi s V., (Shakura , 1975 ;
Wang 1979 ; Hallowa yet al. , 1978) . |t shoul dbeth e upper Imi t
as effectivenes sof outflowin gwil | decreas e becaus e of dis -
sipatio nof energ yof th e gas motio n an d spherizatio nof magneto -
spher e when V., >>V, . Thelowe r limi t fo r th e outflowin g velo -
ct yis V, ie . th ematte r heate dby a propelle r wil | flo w out
wit h th e paraboli c velocit vy ( lllarionov , Sunyaev , 1975 ; Davie set
al. , 1979) .
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In the region R, < R < R, sectorial structure of gas motion

is formed, 1i.e. in some sectors gas will fall onto the star, in
some - it will flow out. According to the results of Wang and
Robertson (1985) calculations the star sucks the gas in along the
direction of rotation axis and expels it out along the equator.
Moreover, the general picture of gas motion may be non - station-
ary.

All the above described effects are reliable only in the case
of ionized ISG, as the stellar Magnetic field does not influence
neutral gas motion. But the gas around the rotating magnetic star
should be ionized. Firstly, the size of H II zone in the vicinity
of A stars is about 1 pc ( Kaplan, Pikel'mer, 1979 ), that 1is
much more than R,. Secondly, there are ionized particles present
in the gas even in the case of very dense and cold medium (NeINH"'
10~"), for example, owing to cosmic rays ionization. This priming
ionization is quite sufficient. Charged particles while interact-
ing with the magnetic field of the star and gaining velocity about
some thousand kilometers per second ionize the environmental gas,
that would cause avalanche ISG ionization around the star. Gas
stop in the shock behind the star also leads to origin of priming
ionization.Interstellar grains are destroyed at a distance R ~
~ 05 R, T, I‘Td )= from the star, where Ry and T« are the radius
and the temperature of the star.In the vicinity of AO stars the
grains with evaporation temperature Tg=~ 103“ are destroyed at a
distance R =~ 10¥? cm from the star.Besides that, the dust will be
destroyed and ionized in the shock behind the star, as when the
collisions occur at 20 km/s and more, destruction and ionization
of the grains take place (Kaplan, Pikel'ner, 1979).

3. THE REGIMES OF INTERACTION WITH ISG AND EVOLUTION OF ROTATION
PERIOD

Various regimes of magnetic stars interaction with interstel-
lar medium are possible (Lipunov, 1987). If the star possesses its
own stellar wind, the gas is accelerated by the magnetic field of
the rotating star (magnetic stellar wind) and blows ISG out of its
vicinity. But nowadays there are no still sufficient proofs yet of
stellar wind presence in A stars. According to the observed Ap
stars rotation periods distribution (North, 1984), only the upper
limit may be placed on probable stellar wind rate (Lipunov, 1987).
Undoubtedly at early stages of evolution magnetic stellar wind was
playing the dominant part in Ap star rotation braking. The rela-
tivistic ejector regime is also possible, when ISG is swept out by
magnet-dipole radiation of a magnetic star formed at 1light
cylinder. But this effect may be sufficient only for fast rotating
ﬁ\p stars (Lipunov, 1987) with P < 1 and in the low density ISG,

i < 1 ¢m . For the main quantity of magnetic stars (maybe, for
CP stars 1in general, as we will see below) three regimes are
important:
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1. Th e propelle r regime , when R, > R ,> R..

2. The accreto r regime , when R,< R. andth e accretioc n
ontoth esta r i s possible

3. Thegeorotato r regim e (lllarionov ,  Sunyaev , 1975 ;
Lipuno v 1982a ; 1987) , whenR,> Rl nth elas t cas eth e
magneti ¢ fiel d of sta r shovel s umperturbate dgasout
of th e captur eradius . We wil | dwel | upo nthes e regime s

i n detail
The critica | value sof th esta r rotatico nperio dPat th epro -
pelle r—__> accreto r transition , when accreto nonsta r becomes
possible , canb e estimated , equatn gR,= R. Asat suc h transi -

tio nth esta ri si nth esof t propelle r regm e( V.=V, ) ,t oesti -
mate P,valu ei t i snecessar yt ous e (5)

T ot s 5% sy, 9

= =
Py 21}1 H, (26H) 8.9 10 Hay s Voe days , ™)
IS Gaccretio n i s possibl eonl ywhenP > P, Wel | estmat e th e
rotatto n brakin g rat e of th e magneti c sta r becaus e of propelle r
mechanism . Brakin gtorqu e i s _}.I.z ISR?' (Lipunov , 1987) . Forth e

siz eof th esta r magnetospher e (" R, ) i nth ecas e of har d pro -

pelle r ( Vo» V,,or P<<P,) wewil | tak eth e expressio n (6) ,
andi nth ecas eof sof t propelle r ( V.»V, orP £ P) - the
expressio n (5) . Themotio nequato nwil | tak eth e fore
¢ 2 1
et i S (8)
dt I Ry
For th einerti amoment of th esta r we wil | tak e polytrop e interti a
momert wit hth einde x 3 ( Burke , 1967 )
55 2 1
I =1.4-10 '3r2,5 g ca. (%)

Integratin gth emotio nequatio nfo r th ecas eof har dpropelle r we
get

P = mememmeennan when P<< P, (10)

where tp=3.3- 10 """i"'“ Ton p year s - th e character -
istica | brakln g tlme . We mus t stres s ver y weak t ,dependenc eonth e
inaz. | perio d P,and shar pincreas eof th eperio dwhen t =t
Inth ecas eof sof t propelle r th eperio di s change d a s follows

G[BE

P& ccmmsmnam——e when P < P, (11}

1 % 'hz -4 ,.q,q,a[,

where tg= 4-10 u,, ros Py NE years . I't is seen
that wit h "standar d parameters 1 accepte d by us (se e Introduction )
the brakin g tim e exceed s lifetim e of A star s ((3-7)*10 °

years) , i.e . ‘standard " star , fittin g thes e parameter swil | hav e
notim et oslo wdown it srotatio ndurin git s lifetime . The brakin g
tme of th esta r vast ydepend sonth e ¥ Vyalue . V,valu e may
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be "standartized" A < V> = 20 km/s, but the density and the tem-

perature of ISG _f) , E , may change in a wide range. During
its lif%time a ;tar n}ay rgpeatedly occur both in very rarefied
medium ® ~ 10 - 10 cm ~0° K, and in a dense and cold ISG
phase: #t +0° - 10° cm’, T#0° K. The braking of the star

because of propeller Mechanism is comparable to or less than the
star lifetime only in the case of dense and cold medium. We will
not try to average ISG characteristics during the lifetime of a
star here and to explain the observed distribution of Ap stars
rotation periods. Such procedure of course would make sense. We
will only draw the conclusion that Ap stars at the Main Sequence
do not slow down their rotation at expence of interaction with
IS6. These stars had slown down, but apparently - before they came
into the Main Sequence (North, 1984). However, he effect of slo-
wing down by the propeller should be for separate stars.

14

&

19 P (days)
(w2) Y

12

{ I

8 lq t(years?

Fig.,1. The time dependence of the rotation period (solid line) and
Alfven and coratatian radii (dotted line} at the standard star and
166 parameters. After t, the rotation period is constant, accre-
tion is possible.

The transitions propeller - accretor for magnetic stars are mainly
determined by the parameters of the medium, through which the star
passgs. Rea}ly, from (7) it may be obtained that when ISG density
is A = 10° cm’ the critical period for this transition is equal
to P %® 24 days, i.e. in dense interstellar cloud a star with
rotation period P > 24 days (and with other standard parameters)
will accrete ISG. During their lifetime stars may repeatedly
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change the regime of interaction with ISG. When reaching R, = R,
the gas 1s no more expelled by the magnetic field of the star, as
it 1s rotating with Kepler velocity at this distance. At that
time the envelope around the star may be formed, i.e. gas may be
accumulated over the Magnetosphere. When accretion begins the mag-
netic field capturing gas transmits the angular momentum to the
gas, as ISG has no momentum initially. The star is braked down at
that time. But in the process of further falling of rotating gas,
as Kepler velocity increases to the star v,= R and the
solid one decreases as V = R , the gas in its turn, trans-
mits to the field almost the whole angular momentum, i.e.
accelerates the star. The effectiveness of braking in the con-
sidered case lowers by B = sin P Ry/Rg ¥ times. As ¥ 1, it
may be believed, that at accretion stage the period of a star is
not changed and is equal to P,

Figure 1 shows the time dependence of the rotation period

(solid 1ine) and Alfven and corotation radii ( dotted 1line)
at the standard star and ISG parameters. After t time the rota-
tion period 1s constant, accretion is possible. The breakage of
the curve is due to formula (10) made use at P << P, but (11)
at P % P (supposing P, = 400 days and ¢t _= 2°10° years).

In the case of geo-like magnetosphere R, > R, , or gravita-

tion plays no part in the star interaction with ISG. The case can
be realized with the star entering the hot phase of ISG. Alfven

radius may be estimated then equating H*/8&: =J°H cs* Vi 1

_ e th &Y -, Lo 4 amife -4
Ra= (2000 9 A8 03P w 1610388 Fie v ) Ca (12)
From the inequality R,> R, we can write down the condition, with
which the magnetosphere of a star will be geo-like:
1 -
2 2% & My -l A
(e s gl WF gk g g, (13)
S o 37787 4

A 4
with standard parameters it means that ISG temperature T » 180 K ,
i.e. magnetosphere is geo-like, when the star passes a hot ISG

phase. In this case ISG accretion is also impossible, but braking
is less effective than in the case of propeller. From (8) and (12)
one may obtain that the dependence P(t) is the same, as (11). bu{t
the brakin tine of the georotator is equal to t =310 u"
-uzq 1 =4 g qu o 37

R 35-
B, Fag Ny (5 vgy) P, vears. The effectiveness of braking is so
low, that we will not make a serious mistake supposing that the
rotation period of the star does not change. The same as in the

propeller case (11), the georotator braking time is comparable to
the lifetime of a star only for very long periods P ™~ 10° days, or
the case of dense ISG ( the latter is true only for propeller ).

Thus, ISG accretion on Ap stars 1is practically impossible, it
is hindered by the magnetic field or a rotating star, Rotation
deceleration of star owing to propeller mechanism 1s not effec-

tive. The reasons of CP-stars slow rotation might be found in the
mechanisms having worked before the star appearance on the Main
Sequence, (North, 1984), when the star is actively exchanging gas

with interstellar medium. Most perspective and effective braking



mechanism at this stage is Magnetic stellar wind (the regime of
non-relativistic ejector (Lipunov, 1987)). On the other hand, the
star passing trough dense and cold ISG phase, the effectiveness of
star rotation deceleration abruptly increases. Besides that, the
star may begin to accrete gas. What regime is realized at the
moment: propeller, accretor or georotator - is mainly determined
by local interstellar medium parameters.

4. APPLICATIONS TO CHEMICAL ANOMALIES FORMATION.

It is well-know that chemical peculiarities (CP) are surface
phenomena. This conclusion follows, for example, from CP stars
location at GR diagram and CP stars rotation periods distribution
(Borra, Landstreet,Mestel, 1982). At high temperatures ( B stars )
the mass loss owing to stellar wind sharply increases, which
hinders CP formation. And helium anomalies may also change. At
low temperatures ( F stars ) the depth of convective zone 1is
increased, and the convection goes out to the surface, that also
hinders CP formation. At fast rotation ( VsinI > 100 km/s )
another effect of mixing appears - meridional circulation. All
this speaks in favour of chemical anomalies 1in the stars being
located on the surface.

Most natural mechanism of CP-formation is the elements diffu-
sion under the influence of light pressure and gravitation forces

(Michaud, 1970). Quite attractive feature of this mechanism 1is
its muitiparametrity. This means, that the resulting CP in the
atmosphere depend (in a number of cases non-linearly) on many
parameters (on temperature, mass, rotation velocity of the star,
mass loss rate, accretion rate, magnitude and structure of the
magnetic field, size and location of the convection zone, initial
anomalies of chemical elements and so on): Many authors have
investigated the influence of accretion, mass loss, meridional
circulation on the diffusion (Vauclair , 1981; Havnes, Conti,

1971; Rajamohan, Pati, 1979; Gutrie et al., 1984; Michaud et al.,
1987) .

Here it is important for us that if there goes ISG accretion
onto a star, then the chemical composition of its atmosphere may
be renewing for a very short time. Really, in the A stars which
helium convection zone does not go out to the surface the optical
depth about 1 is reached at N~ 10” cm”(Allen, 1977). The lines in
stellar atmosphere are formed up to the optical, depth of t= 0.2
(Michalas, 1978). Using (2) we will find the time of stellar atmo-
sphere renewing with interstellar gas:

2
A sl e O R gy?
- 0228 8 4 20
LY
We will give only simple estimates here and will not find critical
accretion rates, upper which accretion changes the chemical compo-
sition in the whole convection zone of the star (Vauclair, 1981).

years (14)
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We have found above an expression for critical rotation
period of the star (7), such, when P > P, the star becomes
accreting. Interesting opportunities are casing if from (7) to
find an expression for critical magnetic field at the star s pole,
such, when H,< H the star accretes ISG, and when H, > H  the pro-
peller forbids accretion:

% -3 Al 3 -3

'==06«I'
Ha belp LNk 20 -

MM &s. am

Critical magnetic field strength is very low, the field about 1 Gs
is far beyond the limits of modern equipment recording magnetic
fields on stars.

We consider important the suggestion that all CP stars have
reqular magnetic field greater than the critical one (15). Then
ISG accretion on them 1is impossible, and diffusion mechanises
create in their atmospheres chemical composition anomalies. On the
other hand, the stars which potentially could become CP stars
(i.e. stars of spectral classes from late B to early F and pos-
sessing low rotation velocities VsinI < 100 km/s) but having the
magnetic field less than the critical H, are accreting ISG. Diffu-
sion mechanism in this case cannot create CP in their atmospheres.
The gas in accreting stars atmospheres will have the chemical com-
position of the local ISG. We consider extremely low probable that
the dispersion of ISG chemical composition can be so large (see
review Pagel, Edmund, 1987) that the atmospheric composition of
accreting stars will strongly differ from the normal one. If to
suggest even that CP in the atmospheres is formed because of 1IS6
accretion, it 1s not clear, why similar anomalies on stars (and
namely such), as, for example, Sr-Cr-Eu or Hg-Mn ones occur in
different places of the Galaxy. Apparently, all the CP stars
satisfy the condition (15) and if the star begins to accrete 1IS6,
the chemical composition of its atmosphere becomes "normal" and we
classify it as a normal A star. Though it is possible, that the
dispersion of chemical composition of accreting A stars will be
somewhat different from the dispersion of chemical composition of
normal ordinary A stars.

Thus, to the mechanisms controlling the diffusion operation
and occurrence of chemical anomalies in the atmosphere the expres-
sion (15) should be added. Depending on the parameters of the star

and of local interstellar medium the star may have CP ( H,> H_,
no ISG accretion, diffusion is going ) or not ( H,< H, ISG accre-
tion is going ). In the frames of our discussion the appearance of

"normal" A star with slow predicted rotation can be understood.
They might be accreting A stars. A star may repeatedly change its
atmosphere chemical composition during its lifetime depending on
the parameters of local IS6 and star magnetic field magnitude H,.

Let's consider the predictions that can be made on the basis
of our discussion.
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1. Theproble mof lon gperiod si nCPstar si s well-known . Now
8star sar eknownwit hP > 100 ‘andtw ostar s wit h P>1000 ‘(North ,
1984; Catalano , Renson , 1988) . Thesearc hfo r lon gperiod si spos -
sibl e onl y wit h APstar s wit hspot onth esurface) . Naturally ,
observationa | selectio nshoul dlea dt o shortage ' of suc hstarsa s
tofin da larg eperio ddurabl e andunifor mobservation s ar e neces -
sary . As long-perio dstar sar eApstars , i ti snecessar yt odra wa
conclusion , tha t thei r period s areles sthanP,(7) or H> H,
(15) , iie . thes estar sar eaccretn gISG. *) | f th erotatio nperi -
od increase s furthe r accordin gt o (11 ) or sta r enter s a cor edens e
IS Gphase , th econdito n P = P,i s satisfied , andth esta r doe s
not retai nit s CPfeatures . So, ther emayexis t a clas sof accret -
ing stars , possessin g stron g magneti c fiel d and possessin g ver y
lon g rotatio n periods . Thes estar sar et obesearche dfo r among
thenorma | A star swit hanomall ysmal | lin ewidth s( Vsin |l ) by
th e criterio nof larg e magneti c fiel dpresence . Specia | searc hi n
thi s directio ni s considere d highl vy significan t byus.

2. A number of othe r prediction s base d o n regulatio n by a
potentia | accretio n rat e Hgof transition s CP<—>"normal " fo r
thestar swit hP %P or H,=H,. Themorei sth evalu e #H,o¢
(®V ,) *M: th ehighe r i sth e probabilit y o f becomin g accretin g fo r

such a star . Asfollow sfro m(15) , th e critica | valu eof th e
magneti ¢ fiel don th eﬂpol_'f depend s o n thes e parameter si nth efol -
lowin g Ha® N, j-l%H + Fromher eit may be found , that
CP star s distributio ninth ebalax yversu st oZ - coordinat e must

be differen t fro mtha t of norma |l star s of apropriat e spectra |
classes : Z - coordinat eof CPstar sshoul dbehigher . Really , wit h
increas e of distanc e fro mth egalacti c plan eth e averag e IS G den -
sit y( ﬁ) falls ; it stemperatur e( E) an d velocitie s star s disper -
sion (V ,) increases . Al | thi s noticeabl vy decrease sth e potentia |
accreto n rat eont oth estar , andth esta r wit hH #* H may sto p
accretin  gISG, or become CPstar . Nowth e dat aar e available , tha t
Z - coordinat eof ApandAmstar si s highe r tha ni nnorma |l star s
of apropriat espectra | classe s (Bartaya , 1979 ; Bond , 1970)

3. | nframewor k of our consideratio nth eappearanc e of run
away Apsta r ie . Apstar swit hlarg evalu eof V, (Jaschek , 1983 )
can b e understood . Really , th eaccreto nrat eont osta r depend son
the velocit y asV,. Of al | A stars , whic h ca n potentiall y becom e
Ap star s (.e . not accret elISG) du et oth e criteri a (13 ) and
(15) ; th estar swit hlarge r velocitie s posses s al | th e opportunit y
totur nint othem . Therefor eth e appearanc eof a hig h spee d win g
in Ap star s distributio n alon gV,ispossible . Naturally , thi s
proble mrequire s statistica | investigation . I nthi sconnectio nth e
anomal locato n of Apstar s (Lebedev , 1987) , wit hlarg e spatia |

*) Undoubtedly , th e detaile d spectr a investigatio n of
thes e star s amin g t o fin d probabl e difference s fro mnorma | Ap
star si sof interest . For example , i f th esta r perio di sclos e to
th e critica | one, appearanc e of emissio ndetal si nit sspectru m

becaus e o f th e envelop e beyon dth e magnetospher e formatio ni s pos -
sible
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velocities at A a - Be diagram is interesting. Fast moving stars
are singled out with their faint dependence of the effective mag-
netic field Be on the W 5200 depression magnitude (&a).

4. We will consider how the potential accretion rate M, on-
to star in cluster 1is changed. As typical size of open cluster
(about 2 -3 pc) essentially exceeds the capture radius for the

star (1), then belonging of the star to a cluster does not anyhow
change the potential accretion rate onto a star. Velocity disper-
sion of the open clusters in the Galaxy ( V, ) appears to be much
lower then of field Ap stars (Allen, 1973). Some investiga-

tors show that Ap stars occurrence in the clusters is lower than
in the field and even may depend on the cluster age (Abt, 1979;
Maitzen, Wood, 1983). We will show some effects which may influ-
ence on the CP stars occurrence in the clusters. Firstly, by anal-
ogy with p.2 of this part with the increase of Z - coordinate of a
cluster ( this value is associated with the cluster wvelocity in
the space and with the cluster age ) possible accretion rate onto
star decreases. Owing to that a dependence of CP stars
occurrence 1in a cluster wupon Z - coordinate of a cluster may
appear. Other effects depend on the cluster age and on the posi-
tion of the star 1in a cluster: accretion of gas remained after
star formation is possible.

With time the cluster should 1loss the residual gas, that
is particularly facilitated with IS6 blowing by hot 0 - B stars of
the cluster. These effects are rather difficult to account for at
present, additional data on CP stars occurence in clusters, on the
dependence of this value on the age and position of stars in the
clusters are needed.

5. As 1t was mentioned above, on the base of our considera-
tion it may be suggested that the chemical composition dispersion
of the accreting "normal" A stars will be different from chemical
composition dispersion of ordinary A stars. This is true for rela-
tively slow rotators, as in the case of fast rotating stars (Vau-
clair, 1980), the influence of meridional circulation mixing the
gas 1s strong. So, it is possible that the gas in the atmospheres
of slow rotating normal A stars has the chemical composition of
local ISG. It is possible, that the raised chemical composition
dispersion of normal A stars (Eggen, 1984) 1is associated namely
with this effect.

Basing on these considerations it say be predicted that the
chemical composition dispersion of the atmospheres of normal A
stars of one cluster will be less, than in the stars of different
clusters. Panchuk and Klochkova (1985) mentioned the similar
effect using the example of stars of seven open clusters.

6. Interesting is the question on the propeller influence on
IS6. Energy loss of the propeller is (Lipunov, 1987):
: 2
. 1 B
Em =m-emeuef2, (16}
3 R-
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where the magnetosphere radius R, as 1t was already said, is

determined not quite accurately (see (5) and (6)). Assuming for R,
value the expression (6), we will obtain:

: 30 ANey~28 Sy aBhs Wy -4,

E= 2.5-10‘}:.3?pz LI E v“ erg/s. {(1n

Such amount of energy is lost by the propeller in heating
and acceleration of ISG. The magnetic star leaves a trace or a
corridor of heated ISG behind it. The width of this corridor R,
may be roughly estimated when equalling the pressure in it Ef& R
V, to the pressyre of non-perturbated ISG. Assuming the tempera-
ture of ISG I 10 K with all the standard parameters values
from (17), we will obtain R~ 510" cm. More detailed consid-
ering of the question does not fall into the frames of this paper,
but it should be mentioned that probably some magnetic stars due
to this reason may be faint soft extended X-ray sources with ther-
mal spectrum. It is interesting,that some Ap stars are found in
X-ray band (Golub et al., 1983). X-ray luminosities of two single
Ap stars @ Oph andﬁ Scl are equal to lg L®29.0 and 29.4 respect-
ively, which seriously exceeds probable coronal luminosity.
These authors make the conclusion, that Ap stars are stranger
X-ray sources, that Am and normal A stars (in the latter ones in
the average <lg L > ™~ 27 <4 28 ).

5. CONCLUSION.

Thus, ISG accretion cannot go onto rotating magnetic stars,
the gas should be effectively expelled by the propeller mechanism.
Star rotation braking is highly ineffective in this case. There-
fore we approve the conclusion that Ap stars had acquired their
slow rotation before they came to the Main Sequence, when the star
actively exchanges the gas with the outer environment. The most
perspective star rotation braking mechanism in this stage is mag-
netic stellar wind. Critical wvalue of star rotation period, when
accretion is possible, corresponds to dozens of years, and criti-
cal magnetic field strength is only a few Gs. If ISG accretion
starts onto a CP star, then in a relatively short time (some hun-
dreds vyears) ISG covers CP gas in star atmosphere. And CP star
for the observer may turn a normal star or a star with weak chemi-
cal anomalies 1in the atmosphere. What regime is the star in -
accretor or propeller - i§ defined both by the star (}L PV, )
and ISG parameters ( A, T ). The appearance of stars with strong
magnetic fields, completely braked their rotation, accreting ISG
and possessing therefore normal chemical composition of the atmo-
sphere, 1is possible. Basing on our consideration the conclusion
of CP stars distribution along Z-coordinate of the Galaxy being
probably anomalous, can be drawn; run away Ap stars appearance
can be understood. We also suppose that the dispersion of chemical
composition of normal A stars inside a cluster will be lower than
between different clusters. It 1is probable, that Ap stars are
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faint extended X-ray sources, as the propeller perturbates and
heats the interstellar gas.
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