
Magnetic  chemically  peculiar  stars 

II.  Spatial  distribution 

D . O .  K u d r y a v t s e v ,  I .I .  R o m a n y u k 

Special  Astrophysical  Observatory  of the  Russian  AS,  Nizhnij  Arkhyz 357147,  Russia 

A b s t r a c t .  T h e  p a p e r  describes  t h e  ongoing  s t u d y  o f m a g n e t ic  chemically  peculiar  ( M C P )  s ta r s . 

W e  present  general  in form ation  a b o u t  these  s ta r s  divided  in to  reversive  (changing  t h e  sign  of  t h e 

longitudinal  c o m p o n e n t  o f  t h e  m a gn e t ic  f ie ld)  a n d  non-reversive  (with  m ain ly  t h e  sam e  sign, 

i.  e.  seen  p r e d o m i n a n t l y  from  one  pole).  Differences  in  sp a t ia l  d is tr ibut ion  of  reversive  a n d  n o n -

reversive  s ta r s  a n d  th e ir  fraction  in  o p e n  clusters  have  been  found. 

T h e  fraction  of  s t a r s  w i th  m easu red  surface  field  BS  a m o n g  slowly  r o t a t i n g  S r C r E u  s ta r s  is  2 

t im es  larger  for  non-reversive  s ta r s .  Th is  ind icates  t h a t  narrow-line  s ta r s  a re  observed  b o t h  from 

r o ta t io n a l  a n d  m a g n e t ic  poles,  su p p o rt in g  conclusion  o f  J .  L a n d s t re e t  a n d  G .  M a t h y s  (1999)  t h a t 

t h e  angle  betw een  t h e  r o ta t io n a l  a n d  m a gn e t ic  axes  for  slow  r o t a t o r s  is  sm all. 

1. Introduction 

In  the  first  p a p e r  of  th is  series  (R o m a n y u k ,  2000,  th is 

issue,  hereinafter  P a p e r  1)  we  p re se n te d  a  sam ple  of 

m agnetic  chemically  p ecu l iar  ( M C P )  s ta r s .  T h e  sam -

ple  includes  211  C P  s t a r s  w i th  reliably  m easu red  m a g -

netic  f ie lds .  T h e  s t u d y  o f  m a g n e t ic  C P  s ta rs  i s  be ing 

continued  a n d  in  th is  p a p e r  w e  analyze  the ir  spat ia l 

d istr ibution  in  o u r  G a la x y  a n d  discuss  som e  general 

propert ies . 

I t  should  b e  n o t e d  t h a t  t h e  largest  sam ple  o f  C P 

stars  conta in ing  a b o u t  6700  s ta r s  m a in ly  br ighter 

t h a n  11  m a g n i t u d e  h a s  b een  collected  by  Renson  et  a l. 

(1991).  A b o u t  2000  different  t y p e  C P  s ta rs  br ighter 

t h a n  9.5  m a g  are  c o n ta in e d  in  t h e  H ipparcos  c a t a -

logue  (G om es  et  al.,  1998).  A b o u t  half  of  t h e m  are 

probably m a g n e t ic :  H e-r ich  (or  H e - s t ro n g ) ,  H e-weak, 

H g-M n ,  Si,  S i +  (i.e.  S i  +  o th e r  peculiarities)  a n d 

the  coolest  C P  s ta r s  w i th  Sr,  C r  a n d  E u  peculiari-

ties.  N o n - m a g n e t ic  C P  s ta r s  a re :  A m  (with  en h an ced 

m eta l  lines)  a n d  B o o  s ta r s  (with  weak  m e ta l  lines). 

Some  d a t a  of  a  m a g n e t ic  field  of  Am  s ta r s  have 

been  a lread y  r e p o r t e d  (for  exam p le ,  K uvshinov,  1972) 

b u t  th ey  a re  n o t  generally  accep ted  yet .  M agn et ic 

m e a su re m e n ts  of  Boo  s ta r s  show  "ze ro "  resu lts 

(Iliev  et  al.,  1988,  B ohlender  a n d  L a n d s t re e t ,  1990). 

As  we  m e n t io n e d  in  P a p e r  1,  t h e  fraction  of  CP 

stars  is  a b o u t  15  %  of  t h e  u p p e r  m a in -se q u e n c e  s ta r s 

in  the  sp ectra l  r a n g e  B 5 - F 5 .  It  is  very  likely  t h a t  all 

H e-r,  H e-wk,  H g - M n ,  Si,  S i+  a n d  S r C r E u  s ta r s  a re 

m agn et ic ,  b u t  ac tu a l ly  w e  have  found  only  211  M C P 

stars,  t h e  presence  of  a  m a g n e t ic  field  for  th e  rest  of 

th e m  (a b o u t  80 % )  n eed s  to  be  confirmed. 

2.  General  parameters  of magnetic  CP 

stars 

W e  p resen t  som e  general  p a r a m e t e r s  o f  211  M C P 

s ta r s  from  our  sam p le  in  Table  1  which  shows  in  su c-

cession:  H D / B D  n u m b e r,  a n o t h e r  n a m e  of t h e  s t a r  (if 

available),  H I P  n u m b e r  in  t h e  H ipparcos  c a ta lo gu e, 

Sp  a n d  p ec  —  spectra l  class  a n d  peculiar i ty  t y p e 

( taken  m ain ly  from  t h e  p a p e r  by  Glagolevskij  a n d 

C h u n a k o v a  (1986)),  m a g n i t u d e  V  a n d  colour  В  -  V 

ta k e n  from  t h e  H ip p arco s  cata logue,  P  —  p e r io d  in 

days  (from  t h e  cata logue  of  C a t a l a n o  a n d  R en so n 

(1998)  or  from  original  p a p e r s  for  each  s t a r  of  o u r 

sam p le  —  references  see  in  P a p e r  1). 

W e  can  conclude,  t h a t  t h e  r a t i o  o f  t h e  n u m b e r 

o f  C P  s ta r s  w ith  m easu red  m a g n e t ic  f ie ld  a n d  t h e 

n u m b e r  o f  all  C P  s ta rs  f rom  t h e  H ipparcos  c a ta lo g u e 

varies  s trongly  from  ty p e  to  type :  m a g n e t ic  f ie lds  were 

found  in  6 4 %  of  H e - r  a n d  5 7 %  of  H e-w k  in  com -

parison  w ith  8  %  of  S i-s ta rs .  W e  suppose  t h a t  th e se 

differences  a re  m ainly  d u e  to  observational  selection, 

because  Si  peculiarit ies  can  easily  be  found  on  low 

dispersion  s p e c t r a  which  are  usually  used  for  sp e c tra l 

classification  of  faint  s ta rs . 

T h i s  is  why,  faint  C P  s ta r s  are  m ain ly  classified 

as  Si  s ta r s .  Peculiarities  of  Sr,  Cr  or  Eu  can  only  be 

seen  on  t h e  sp e c t ra  w ith  higher  reso lution,  b e c a u se 

of  th is  th e y  were  found  in  a  sm aller  fraction  of  cool 

s ta r s .  O u r  n ext  s tep  is  a  com parison  of  t h e  n u m b e r 

o f  M C P  s ta r s  from  our  sam ple  w ith  t h a t  for  C P  s t a r s 

from  t h e  H ipparcos  cata logue  (G om es  et  al.,  1998). 

T h e  n u m b e r  of  different  typ e  peculiar  s t a r s  in  b o t h 

cata logues  a n d  their  ra t io s  ( H I P / M C P )  are  given  in 

Table  2. 

©  Special  Astrophysical  Observatory  of the  Russian  AS,  2 0 0 0 



29 



30 



31 



32 



33 

Table  2:  The  number  of  different  type  peculiar  stars 

The  large  fraction  of m a g n e t i c  s t a r s  a m o n g  helium 

C P  stars  i s  p ro b a b ly  c o n n e c te d  w i t h  t h e  small  n u m b e r 

of  these  s t a r s  a n d  t h e  m o r e  d e ta i l  investigation  of 

each  o f  t h e m .  O n  t h e  o t h e r  h a n d ,  t h e  possibility  t h a t 

the  increased  fraction  of m a g n e t i c  s t a r s  a m o n g  helium 

stars  reflects  t h e  real  s i tu a t io n  m a y  n o t  b e  excluded. 

The  d is t r ib u t io n  o f  t h e  n u m b e r  o f  M C P  s ta r s 

in  brightness  V  a n d  colour  B - V  is  d e m o n s t r a t e d  in 

Fig.  1. 

It  is  seen  from  Fig.  1  t h a t  t h e  n u m b e r  of m a g n e t ic 

CP  stars  s trongly  decreases  for  o b je c ts  fainter  t h a n  8 

m agnitudes.  M a g n e t ic  field  o bservat io n s  n eed  a  high 

spectral  resolution  a n d  therefore  t h e y  have  been  m a d e 

only  for  b r igh t  s ta r s ,  even  us ing  m o d e r n  tech n iqu e . 

Colours  B -V  of  p ra c t ic a l ly  all  M C P  s t a r s  a r e  in 

the  range  from  - 0 . 2  t o  + 0 . 3  m a g n i t u d e . 

3.  Reversive  and  non-reversive 

magnetic  CP  stars 

M agnetic  f ie ld  d a t a for  m o s t  o f  C P  s t a r s  o f our  sam ple 

have  been  o b ta in e d  from  t h e  lo n g i tu d in a l  c o m p o n e n t 

(Be)  m e a s u r e m e n ts .  W e  n o t e d  earl ier  (in  P a p e r  1), 

th a t  a  sufficiently  large  n u m b e r  (over  10  for  each  s ta r) 

of  m e a s u r e m e n t s  of  Be  h a d  b een  m a d e  for  79  m a g -

netic  C P  s ta r s .  W e  k n o w  n o w  only  3  of  t h e m  w ith  an 

essential n o n - d i p o l a r  c o m p o n e n t :  H D  32633  (R enson, 

1984),  H D  37776  ( T h o m p s o n  a n d  L a n d s t re e t ,  1985) 

a n d  H D  133880  ( L a n d s t r e e t ,  1990),  detailed  refer-

ences  can  be  found  in  P a p e r  1 . 

T h e  rest  76  of  th e s e  s t a r s  show  sinusoidal  var ia-

t io n s  of  Be  от  c o n s t a n t  Be,  suggesting  a  d ipolar  m a g -

netic  f ie ld  o f  t h e  w ell-know n  M C P  s ta r s .  All  var ia-

t io n s  a r e  t h e  re su l t  of  r o t a t i o n  of  a  "chem ically  sp o t-

t e d "  s t a r  w h en  t h e  m a g n e t i c  a n d  r o t a t i o n  axes  a re 

n o t  co-axia l  (well-known  oblique  r o t a t o r  m o d e l) .  A 

s t u d y  o f  t h e  w ell-know n  M C P  s t a r s  shows  t h a t  t h e 

physical  co n d it io n s  in  an  essentia l  p a r t  o f  t h e m  a re 

different  a t  t h e  m a g n e t i c  po le  a n d  m a g n e t ic  e q u a to r . 

T h e  d e p e n d e n c e  o f  p ec u l ia r i ty  d is t r ib u t io n  on 

m a g n e t ic  l a t i t u d e  h a s  b e e n  s tu d ie d  b y  F lo q u et  (1979) 

for  18  s ta r s ,  b u t  we  a r e  ig n o r a n t  of  sy s te m a t ic  s tudies 

in  th is  a r e a  m a d e  over  t h e  passed  20  years.  W e  will 

now  a t t e m p t  t o  d o  t h i s  u s in g  m o d e r n  observational 

d a t a . 

All  211  s t a r s  f ro m  o u r  s a m p le  m a y  be  divided  in to 

3  groups:  reversive,  n o n -revers ive  a n d  p o o r ly  s tu d ied 

m a g n e t ic  s ta r s . 

1 .  R e v e r s i v e  m a g n e t i c  s t a r s .  T h e se  s ta r s  have 

reliably  m e a s u r e d  lo n g i tu d in a l  f i e ld s  B e ,  t h e  n u m b e r 

of  m e a s u r e m e n t s  [n]  >  5,  t h e  Be  curve  changes  t h e 

sign. 

2 .  N o n - r e v e r s i v e  s t a r s .  T h e s e  s ta r s  have  reli

ab ly  m e a su re d  lo n g itu d in a l  f ie lds,  t h e  n u m b e r  of mea

su re m e n ts  [n]  >  5,  b u t  t h e  B e  curve  h a s  m a in ly  t h e 

sam e  sign.  T h e  cr i te r io n  for  d is t inguish ing  betw een 

reversive  a n d  non-reversive  m a g n e t ic  C P  s ta r s  i s  t h e 

following:  t h e  s t a r  is  non-reversive  if  t h e  Be  curve  h a s 

t h e  sa m e  sign  for  at  least  2/3  of  t h e  period  or  m o r e . 

In  t h e  s im plest  case  of  a  sine  curve  of  Be  a n d  r a n d o m 
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and th e ra t io of n on -revers ive a n d reversive s ta r s is 1 .75. 

If  th e  period  is  u n k n o w n ,  b o t h  B e  e x t r e m a  m u st  be 

of  the  sam e  sign  or  o n e  of  t h e  e x t r e m a  m u s t  at  least 

be  more  t h a n  twice  as  large  as  t h e  second. 

3 .  P o o r l y  s t u d i e d  s t a r s .  T h e s e  a r e  really  m a g -

netic  CP  s ta rs  b u t  w i th  a  sm all  n u m b e r  of  Be 

m easurem ents,  therefore  i t  is  im possible  to  decide 

whether  these  s ta r s  a r e  reversive  or  non-reversive. 

This  group  co n ta in s  also  M C P  s t a r s  w ith  m e a su re d 

surface  fields  B s  b u t  w i th  lacking  Be  m e a su re m e n ts , 

and  th e  s tars  w i th  very  sm all  m a g n e t ic  f ie lds  w hen 

m easurem ents  a re  h ighly  u n c e r t a i n . 

I t  can  be  inferred  t h a t  reversive  s ta r s  are  seen 

f r o m  b o th  t h e  m a g n e t i c  e q u a t o r s  a n d  t h e  m a g n e t ic 

poles,  while  n on -revers ive  s t a r s  a re  p r e d o m in a n t ly 

seen  from  t h e  m a g n e t i c  poles. 

W e  m a y  expect  so m e  regu lar i t ies  in  d is tr ibution 

of  chemical  anom alies  w i t h  m a g n e t i c  l a t i t u d e  (Flo-

quet,  1979)  a n d  reversive  a n d  non-reversive  s ta r s  m a y 

therefore  show  different  ty p e s  of  peculiarit ies . 

In  the  case  of very  lo n g - p e r io d  s ta r s  (period  P  >  5 

years),  th e  sign  of  Be  u sua l ly  does  n o t  change  d u r in g 

the  period  of observation  a n d  we  can  s tu d y  practica l ly 

the  sam e  p a r t  of  t h e  s t a r ' s  surface.  For  th i s  reason  we 

will  consider  very  lo n g - p e r io d  M C P  s ta rs ,  such  as 

HD  201601  (P  is  a b o u t  75  y ears) ,  as  non-reversive. 

T h e  d is tr ibut ion  of  M C P  s t a r s  for  reversive, 

non-reversive  a n d  p o o r ly  s tu d ie d  s ta r s  according 

to  the  types  o f  p ecu l iar i t ie s  a n d  t h e  ra t io  n o n -

reversive/reversive  (N/R)  is  p re se n te d  in  Table  3. 

N ote  t h a t  w e  p re se n t  in  t h e  ta b le  t h e  d a t a  o n 

193  M C P  s ta rs  of  5  p ec u l ia r i ty  ty p e s .  T h e  rest  18 

of  th e  to ta l  of  211  a r e :  a  few  H g - M n ,  Am  a n d  s ta r s 

with  rarely  seen  peculiar i t ies ,  a n d  som e  non-classified 

poorly  known  faint  Ap  s t a r s . 

A  superficial  analysis  of  t h e  d a t a  from  Table  3 

shows  interesting  features  in  different  ty p e  s ta r s .  For 

example,  th e  fraction  of  n on -revers ive  H e - r  s ta r s 

(N/R  =  2.50)  is  essentially  larger  t h a n  t h a t  of  H e-w k 

stars  (N/R  =  1.55). 

This  m a y  suggest  t h a t  H e  in  h o t  M C P  s ta r s 

concentrates  m a in ly  a r o u n d  t h e  m a g n e t ic  poles.  O f 

course,  a  detail  invest igat ion  is  still  to  be  m a d e  b u t 

we  want  to  n o t e  t h a t  a m o n g  9  He-г  s ta r s  5  a re  non-

reversive,  while  2  reversive  H e - r  s ta r s  (H D  37776 

and  H D  64740)  w ith  available  m a g n e t ic  f ie ld  m odel-

ing  show  en h an ced  h e l iu m  a r o u n d  t h e  m a g n e t ic  poles 

(Khokhlova  et  al.,  2000;  B o h len d er  et  al.,  1987).  T h is 

is  an  additional  s u p p o r t  of  o u r  p o in t  of  view:  helium 

c o n c e n tra te s  a r o u n d  t h e  m a g n e t ic  poles,  w here  t h e 

m a g n e t ic  lines  of  force  a r e  p e rp e n d ic u la r  to  t h e  sur-

face  of  t h e  s ta r . 

T h e  sa m e  is  possibly  t r u e  for  t h e  d is t r ib u t io n  of 

silicon.  If  t h e  s ta r  is  viewed  from  t h e  m a gn e t ic  pole, 

only  silicon  anom alies  a re  m o st ly  observable;  if  silicon 

a n d  o th e r  anom alies  a re  observed,  t h e  s t a r  r o t a t e s  so 

t h a t  b o t h  t h e  pole  a n d  e q u a to r  a r e  visible. 

A b o u t  half  o f  t h e  coolest  M C P  s ta r s  w ith  p e c u -

liarities  of  C r,  Eu  a n d  Sr  have  insufficient  n u m b e r  of 

Be  m e a s u r e m e n t s .  Very  often  different  peculiar it ies 

(for  exam ple,  C r  a n d  E u)  vary  in  a n t ip h a se  w ith  t h e 

p e r io d  of  r o t a t i o n .  Therefore  th e y  are  c o n c e n tra te d 

in  different  p a r t s  of  t h e  s t a r  a n d  our  shallow  analysis 

c a n n o t  provide  a d e q u a t e  results;  t h e  s t u d y  needs  to 

b e  continued  a n d  a  deta i l  analysis  to  b e  m a d e . 

As  was  d e m o n s t r a t e d  in  P a p e r  1,  we  h a d  collected 

49  M C P  s t a r s  w i th  surface  m a g n e t ic  field  m e a s u r e -

m e n t s .  Since  d irect  m e a s u re m e n ts  of  BS  a r e  possible 

only  for  s ta r s  w i th  very  n a r ro w  lines  (v  sin  i  <  10 

k m / s ) ,  t h e  sam ple  of  s ta r s  w ith  m e a su re d  B s  values 

includes  e i th er  slowly  r o t a t i n g  s ta r s  (small  v)  or  s ta r s 

visible  from  t h e  pole  of  ro ta t io n  (small  sin  i)  or  b o t h 

values  a re  sm all. 

L et  us  consider  t h e  fraction  of  s ta r s  w ith  m e a su re d 

B 8  a m o n g  reversive  a n d  non-reversive  C P  s ta r s .  W e 

exclude  h o t  H e  s ta r s  f rom  our  consideration  b e c a u se 

t h e y  a r e  fast  r o t a t o r s  a n d  only  for  t h e  s ta r  H D  37776 

w ith  an  e n o rm o u s  field  direct  observation  of  sp l i t ted 

Z eem an  c o m p o n e n ts  is  possible. 

Tak in g  in to  accoun t  t h e  above  said,  we  have  7  re-

versive  s ta r s  w i th  B8  m e a su re m e n ts  a m o n g  39  (frac-

t io n  is  7/39  =  17.9% )  a n d  18  non-revers ive  s ta r s 

w i th  BS  m e a s u r e m e n ts  a m o n g  61  (fraction  is  18/61  = 

2 9 .5 % ) . 

I f  t h e  coolest  s ta r s  w i th  a n o m a lo u s  Sr,  C r  a n d  E u 

a b u n d a n c e s  were  considered,  t h e  differences  would  be 

still  larger:  5  s ta r s  (25  %)  w ith  m e a s u re d  B s  o u t  of  20 

for  reversive,  a n d  14  (50  %)  o u t  of 28  for  non-revers ive 

spatial  d istr ibution  of  r o t a t i o n a l  a n d  m agn et ic  axes, 

the  fraction  N  of such  selected  non-reversive  s ta r s  can 

be  calculated  using  t h e  expression 

s t a r s .T h e  larger  fraction  of non-reversive  s t a r s  a m o n g 

slow  r o t a t o r s  ind icates  t h a t  t h e y  a re  seen  m o st ly  f ro m 

one  pole . 

T h e  p resen ted  d a t a  s u p p o r t  t h e  resu lt  o f  L and-

s tre e t  a n d  M a t h y s  (1999),  t h a t  t h e  angle  (betw een 

t h e  m a g n e t ic  a n d  r o ta t io n a l  axes)  in  slow  r o t a t i n g 

s ta r s  is  small  (non-oblique  r o t a t o r ) . 

4.  Spatial  distribution 

T h e  solar  system  is  located  a t  t h e  p e r ip h e ry  o f  our 

G alaxy,  at  a  d is tan ce  of  a b o u t  8  pc  from  t h e  cen tre 

in  t h e  O rion  spiral  a r m .  In  t h e  n e a re s t  n e ig h b o u rh o o d 

t h e  spiral  a r m  is  d irected  along  a  line  with  ga lactic 

longitudes  from  Z  =  60°  to  l  =  240°.  T h e  G o u ld  Belt 

is  a  region  w ith  h igher  co n cen tra t io n  of  A  a n d  В  s ta r s 

in  t h e  d irection  w ith  galactic  longitudes  from  l  =  230° 

to  l  =  260°  to  a  d is tance  as  great  as  300-400  p c . 
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Figure 1: The distribution of the number of MCP stars in V and B-V. 

Let us examine the spatial distribution of MCP 
stars of our sample. The Hipparcos results are be-
ing extensively discussed in l i terature. The parallaxes 
available in the Catalogue (ESA, 1992; 1997) can-
not be applied to all cases to determine distances, 
mainly because of the influence of duplicity. Therefore 
the Hipparcos team continues to print reduced data, 
main data on CP stars were published by Gomes et 
al. (1998), North et al. (1998) and others. We wil l 
make use of the data from these papers. 

The data on the spatial distribution: equatorial 
coordinates and for the epoch 2000.0, galactic 
coordinates l and b, membership in clusters and par-
allaxes (in milliarcseconds) for stars of our sample are 
presented in the next 3 tables. Membership in clus-
ters was taken from Kopylov (1987) and references 
therein and from Renson catalogue (1988). Reversive 
stars are presented in Table 4. 

given above. Among these 83 non-reversive stars we 
have found 36 with (+ ), (i.e. seen mainly from the 
positive pole of the dipolar magnetic field) and 47 
wit h ( - ) . We disregard this peculiarity for the t ime 
being but wil l keep i t in mind. 

Of 83 stars 35 non-reversive stars (42 %) are mem-
bers of different open clusters. This implies that the 
fraction of non-reversive stars in clusters is 2 times 
higher that of reversive stars. 

Two explanations of this effect can be suggested. 
First, this is the result of observational selection. 
Since peculiarities concentrate mostly at the magnetic 
poles, peculiar stars are then easier to f ind among 

non-reversive stars. Second, this effect reflects real 
spatial orientation of magnetic stars, connected with 
generation and evolution of magnetic fields in our 
Galaxy. 

I f we restrict ourselves to inspection of only the 
youngest open clusters in Orion and Scorpio which 
consist mainly of hot He-stars, we wil l get a more 
impressive picture. 

We have found 5 reversive and 10 non- revers ive 
MCP stars in Orion (4(+) and 6 (-)) and 3 reversive 
and 13 non-reversive MCP stars in Scorpio (3(+) and 
10 ( - ) ) , a total of 8 reversive and 23 non-reversive. 

I t should not be left out of account that among 
23 non-reversive stars 7 are (+) and 16 are ( - ) . 

We checked many times the "zero-point" of the 

Thus, we have found 51 reversive MCP stars, 11 of 
them (22 %) are members of different open clusters. 

Longitudinal magnetic field component changes the 
sing, these stars have large spectral variations and 
are best suited for mapping of chemical anomalies on 
the surface of the star. 

Non-reversive magnetic stars are listed in Table 5. 

Thus, we selected 83 stars, the longitudinal com-

ponent Be of magnetic field of which has mainly the 

same sign. The selection criteria in this group were 
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scale of magnetic observation and have not found any 
"zero-point" instrumental shifts in measurements of 
Babcock, Landstreet and his co-authors, and our own 
measurements. Therefore we cannot see any obvious 
instrumental effects which should possibly lead to 
such results. This may result from poor statistics. 

On the other hand, this might suggest that mag-
netic fields of young MCP stars in clusters could 
equally form at a time from a relic field in the Galaxy. 

General da ta for poorly studied MCP stars are 
present in Table 6. 

This group contains a total of 77 stars, 16 of them 
(21 %) are members of clusters. The fraction is the 
same as that of reversive stars. Note that more than 
half (40 of 77) stars of this group are cool SrCrEu 
stars, basically with measured B 8 but with a small 
number of Be measurements. 

195 stars of our sample (92%) have measured 
Hipparcos parallaxes. This permits us to construct 
a very reliable spatial distr ibution of MCP stars in 
our Galaxy up to a distance of 200-300 pc from the 
Sun. The distribution of MCP stars of our 3 groups in 
galactic coordinates l and b is demonstrated in Fig. 2. 

The Hipparcos parallaxes often need to be re-

duced, because close binary systems are not spatially 
resolved and the paral lax determination is strongly 
affected by orbital motions. Hipparcos team (Gomes 
et al., 1998, North, 1998) has considered and reduced 
the data on CP stars and published corrected dis-
tances d from the Sun and z distance from the plane 
of the Galaxy. We wil l construct such a distribution 
for MCP stars from our sample using the data from 
the papers indicated above. 

The results are presented in Fig. 3. 

The spatial distribution of MCP stars is the same 
as for all CP stars; all MCP are upper main-sequence 
stars. 

We present the data on distances, proper motions 
and velocities in the next 3 tables. We consider only 
the stars with known parallaxes. Information on d and 
z was taken from Gomes et al. (1998), , and 
v r — from HIP, v c a l c are our calculations. In case 
when the data on reduced d and z were not avail-
able, we calculated distance d using direct paral lax 
measurement from Hipparcos catalogue (ESA, 1997), 
indicating it as d. 

Table 7 contains the data for reversive stars. 

The data for non-reversive stars are presented in 
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Table 8. 

The data for poorly studied MCP stars are listed 
in Table 9. 

Recently Romanyuk (1994) has found that there 
exist essential differences in the spatial distribution of 
non-reversive stars (+) and ( - ) in different directions 
in the Galaxy. 

We wil l now consider this problem using a new 
sample of stars. We select two perpendicular direc-
tions in the plane of our Galaxy: 1 along and 2 across 
the Orion local spiral arm. Calculate the number of 
MCP stars along these directions inside the angles of 
60°. Explanation see in Fig. 4. 

For economy of space consider now only rever-
sive and non-reversive CP stars in Tables 10 and 
11, respectively. Note that the Scorpio cluster (l = 
310 - 355°, b = 10 - 40°) is included in our discus-
sion, but Orion (l = 201 - 208°, b = - 17 -:- - 20 °) is 
not. 

Calculations show that 15 reversive magnetic stars 
are distributed along the Orion spiral arm and ap-
proximately the same number, 21, along the perpen-
dicular direction. Ratio 21/15 = 1.40. 

The data for non-reversive stars are given in Ta-
ble 11. 

Non-reversive stars behave in a quite different 

way: 18 stars are distributed along the spiral arm and 
39 in a perpendicular direction. Rat io 39/18 = 2.17 is 
essentially larger than rat io 21/15 = 1.40 for reversive 
stars. 

For 18 non-reversive stars distr ibuted along the 
Orion arm 13 are (+) and 5 are ( - ) , for 39 observed 
in a direction perpendicular to the spiral arm 13 are 
(+) and 26 are ( - ) . 

This indicates, that there exist great differences 
i n spatial distribution of (+) and ( - ) non-reversive 
stars. While the number of stars (+) is equal: 13 along 
and 13 across the local spiral arm, for stars (—) we ob-
serve great differences: 5 along the arm and 26 across 
it . 

Probabil i ty of random appearance of such spatial 
distribution of stars is less than 0.02%, therefore the 
above mentioned effect may not be a result of random 
coincidence in the case of small number of measure-
ments. This problem needs a more detail study. 

Since most of stars (—) are members of Sco-Cen 
association, we planned to make a more detail study 
of MCP stars, members of clusters and associations. 

A very rough estimate of velocities shows that 
they are equal in all directions and do not differ from 
these of all CP stars. 
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5. Conclusions 

In this part of our study of magnetic chemically pe-
culiar stars we present the da ta on their parameters: 
magnitude, colour, coordinates, period, paral lax, ve-
locities. 

Our division of stars into reversive and non-
reversive permits new features, for instance, in the 
spatial distribution of stars and membership in clus-
ters, to be found. 

I t is demonstrated that among cool SrCrEu stars 
the fraction of stars with measured surface field B s 

for non-reversive stars is two times that of reversive. 
This indicates that among slowly rotat ing stars the 
angle (between the rotational and magnetic axes) 
can be small, support ing the work of Landstreet and 
Mathys (1999). 

We have found that fraction of non-reversive He-
stars in the open clusters Ori and Sco is 2 times 
higher than that of reversive stars. This fact is possi-
bly caused by both observational selection and relic 

origin of magnetic field; in this case MCP stars in 
clusters form simultaneously and orientation of their 
rotational and magnetic axes can be more or less co-
linear. 

Acknowledgements. We would like to thank our col-
leagues from the Stellar Magnetism Laboratory of SAO 
RAS and participants of the present meeting, especially J. 
Landstreet, for helpful discussions and the Russian Foun-
dation for Basic Research for partial financial support 
(RFBR grant 99-02-26086). 

References 
Bohlender D., Brown D., Landstreet J., Thompson I., 

1987, Astrophys. J,, 3 2 3, 325 
Bohlender D., Landstreet J., 1990, Mon. Not. R. Astron. 

Soc, 2 4 7, 606 
Catalano F.A., Renson P., 1998, Astron. Astrophys. 

Suppl. Ser., 1 2 7, 421 
ESA, 1992, The Hipparcos Input Catalogue, ESA SP-1136 
ESA, 1997, The Hipparcos Catalogue, ESA SP-1200 
Floquet M., 1979, Astron. Astrophys. Suppl. Ser., 7 4, 2, 

250 
Glagolevskij Yu.V., Chunakova N.M., 1986, Bull. Spec. 

Astrophys. Obs., 2 2, 39 
Gomes A.E., Luri X., Greiner S., Figueras F., North P., 

Royer F., Torra J., Mennessier M.O., 1998, Astron. 
Astrophys., 3 3 6, 953 

Iliev I.Kh., Barzova I.S., Glagolevskij Yu.V., By-
chkov V.D., Elkin V.G., Romanyuk I.I., Shtol V.G., 
1988, in: Glagolevskij Yu.V., Kopylov I.M. (eds.) Mag-
netic stars, Leningrad, Nauka, 87 

Khokhlova V.L., Vasilchenko D., Romanyuk I.I., 2000, 
Pis'ma Astron. Zh., (in press) 

Kopylov I.M., 1987, Bull. Spec. Astrophys. Obs., 2 4, 44 
Kuvshinov V.M., 1972, Atron. Tsirc, 6 8 2, 3 
Landstreet J.D., 1990, Astrophys. J., 3 5 2, 1, L5 
Landstreet J.D., Mathys G., 1999, Astron. Astrophys., (in 

preparation) 
Renson P., 1984, Astron. Astrophys., 1 3 9, 1, 131 
Renson P., 1988, Astron. Astrophys. Suppl. Ser., 7 6, 127 
Renson P., Farragiana R., Catalano F., 1991(a), Astron. 

Astrophys. Suppl. Ser., 8 9, 3, 429 
Romanyuk I.I., 1994, Bull. Spec. Astrophys. Obs., 38 ,119 
Romanyuk I.I., 2000, this issue 
Thompson LB., Landstreet J.D., 1985, Astrophys. J., 

2 8 9, 1, L9 



39 



40 



41 



42 



43 



44 



45 



46 



47 



48 



49 



50 


