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2
  d a y s  o c c u r s  in  t h e  o r b i t a l  p e r i o d  d i s t r i b u t i o n  ( O P D )  o f  A p  b i n a r i e s  a n d 

t h a t  t h i s  i n c o n s p i c u o u s  f e a t u r e  b e c o m e s ,  a t  t h e  s a m e  t i m e ,  a  b r e a k i n g  p o i n t  i n  a n 

in c r e a s in g  b e h a v i o u r  o f  5200  d e p re s s io n  as  well  as  m a g n e t i c  f i led  s t r e n g t h  w i t h 

o r b i t a l  p e r i o d ,  P o r b .  B o t h  l a t t e r  q u a n t i t i e s  a r e  u n c o v e r e d  t o  e x h i b i t  e v e n  m u c h 

m o r e  p r o n o u n c e d  d e c l in e  w i t h  t h e  e c c e n t r i c i t y  o f  t h e  o rb i t  b u t  o n ly  i f  t h e  s t a r s 

o n  t h e  s h o r t  p e r i o d  s ide  o f  t h e  g a p  a r e  c o n s id e re d .  T h e  o t h e r  s t a r s  r a t h e r  o b e y 

t h e  re v e r s e d  r u le .  I t  i s  a lso  p o i n t e d  to  a  c o n tro v e rs ia l  fact  t h a t  a l t h o u g h  t h e  A p 

p h e n o m e n o n  i s  g e t t i n g  o n  well  a t  c i rc u la r  o r b i t s ,  o n  t h e  o t h e r  h a n d ,  t h e r e  a r e  a 

n u m b e r  o f  h ig h  e c c e n t r i c  o r b i t s  sti l l  a t  r a t h e r  s h o r t  p e r i o d s  (Р o r b  >  5
d

) . 

T h e  m a i n  lesson  t o  b e  l e a r n e d  from  t h i s  c o n t r i b u t i o n  i s  t h a t  t h e  p h y s ic a l 

c h a r a c t e r i s t i c s  o f  t h e  A p  b in a r ie s  i n c l u d i n g  t h e i r  m a g n e t i s m  a r e  g o v e r n e d  b y  t h e 

s te l la r  b i n a r i t y . 

1  M o t i v a t i o n 

T h e  backbone  of  t h e  research  of  CP  stars  is  their  m odern  classification  scheme  by  P re s to n  (1974). 

He  clearly  distinguished  a  n o n -m a gn e t ic  sequence  of  C P 1  and  C P 3  (Am  and  H gM n )  s tars  as  well 

as  a  m agnetic  sequence  of  C P 2  (Ap)  and  some  C P 4  (H e-weak)  s ta rs .  Table  1  sum m arizes  th e  well-

known  basic  facts  about  t h e  m ost  populated  C P 1  and  C P 2  groups  along  with  t h e  physical  processes 

invoked  for  their  explanation.  W hile,  at  present,  we  have  at  h an d  some  explanation  of  t h e  origin  of 

abundance  anomalies  or  slow  ro ta t io n  of  these  s tars  it  is  not  t h e  case  of  their  m agn et ic  fields  and 

binarity  b o th  of  which  are  often  referred  am ong  t h e  prim ordial  causes  of  CP  peculiarity.  However, 

no  account  for  CP  stars  in  their  to ta l i ty  can  be  final,  which  leaves  these  m entioned  distinguishing 

characteristics  completely  disregarded.  T h e  apparently  reversed  appearances  of  m agn et ic  fields  and 

binarity  in  Am  and  Ap  stars  suggest  close  relation  of  these  quantit ies,  which,  if  confirmed,  might 

push  our  u n d e rs ta n d in g  of  CP  phenom enon  much  deeper. 

2  I n tr o d u c t io n 

First  indication  of  Babcock  (1958)  st im ulated  Abt  and  Snowden  (1973)  to  t h e  pioneering  and  still 

fundam ental  work  favouring  a  connection  between  m agnetism  and  binarity.  M agnetic  Ap  stars 

tu rn e d  out  to  rarely  occur  in  binaries  while  n o n -m a gn e t ic  Am  stars  are  d o m in an t ly  sh o rt-p er io d 

ones.  L ater  on  Gerbaldi  et  al.  (1985)  extending  t h e  s tudy  of  F loquet  (1983)  confirmed  t h e  lower 

frequency  of  binaries  am ong  hot  Ap  (37%)  stars  bu t  not  for  cool  Ap  stars  (46% )  when  com paring  to 
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the expected standard value of 47% on the main sequence (Jaschek and Gomez, 1970). They even 
first pointed out that the (V1 — G) photometric index reaches the highest values for low eccen-
tricities of the orbits if long periods Porb < 200d are excluded. This was, however, built only on two 
points at low eccentricities. Recently, North (1994) obtained again a much lower percentage of cool 
Ap stars among binaries — 19% which is close to that of Abt and Snowden (1973). Further studies 
of Seggewiss (1981, 1993), Gerbaldi et al. (1985) and Lebedev (1987) confirmed the lack of short 
periods, the lack of circular orbits, lower SB2/SB1 ratio and Lebedev also found a predominance 
of orbits with smaller amplitudes of radial velocities as well as no correlation between inclinations 
of rotation and orbital axes in Ap binaries. Al l this rouses our suspicion, supporting again com-
pletely reversed binary characteristics of Am and Ap stars, on an interplay of stellar binarity and 
magnetism. 

In connection with this Budaj (1994, 1996a,b) showed already that the physical characteristics 
of Am binaries gained a new dimension — the dependence on the orbital period of the binary. Their 
orbital periods were splitted by a 180 - 800d unpopulated gap into two areas (see also Abt, 1965). 
The gap seemed to be also a break in the smooth decreasing behaviour of index towards larger 
orbital periods (i.e. increasing of metallicity) for Porb < 180d because such a behaviour did not 
continue on the other side of the gap. In his subsequent analysis of Ap binaries (Budaj, 1995) he 
points to the presence of an analogous period gap, to a possible analogous dependence of (V1 - G) 
index and magnetic field strength on the orbital period (like in Am's) as well as to the fact that 
both quantities were seeming to decrease with eccentricity. This analysis was based on Seggewiss 
(1993) data who considers just the Ap binaries listed in the Eighth Catalogue of Orbital Elements 
of SB Systems (Batten et al., 1989) i.e. on the best available critical source of orbital parameters. 
Nevertheless, a more complete list of Ap binaries can be derived from the catalogue of Ap stars by 
Renson et al. (1991). 

In the following we aim at rerevision of the above analysis using the latter source of data which 
is intended to be a start ing point of a more detailed study (in progress) of the interplay between 
stellar magnetism and binarity. A more complex research should not disregard an investigation of 
possible: 
- anomalies in orbital parameters, mass ratio and ages, 
- dependence of Ap peculiarity on orbital parameters, 
- as well as that of rotational characteristics including differential rotation, 
- influence of circularization, synchronization as well as pseudo-synchronization mechanism on the 
Ap phenomenon and so on ... 

Thus, a lot of work is ahead and we wil l try to address, at least, partially to some of these points 

below. 
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3 Sample stars 

Most of the data analyzed here are extracted from the database of Renson et al. (1991) apart from 
the mean effective magnetic field. This was taken from Glagolevskij et al. (1986). The following 
rules were obeyed to avoid any ambiguity when compiling the sample of stars: we carefully selected 
all the binary components of Si, Sr, Cr or Eu peculiarity within B5-F5 spectral type along with 
a few binaries of mixed peculiarity (Si, Sr, Cr or Eu accompanied by e.g. He-w, Hg or Mn) if the 
latter exhibited also either l ight-spectral variations or detected magnetic field. For suspected triple 
systems we left out the orbital periods of third bodies. Al l these were then complemented by the 
recent data from North (1994) and Wade et al. (1996). Due to the scarcity of data it probably does 
not make a sense to distinguish between cool and hot CP2's, at present, but although the resulting 
sample is a littl e inhomogeneous the great majority of objects are within B9-A1 spectral types. The 
total number of Ap binaries included is thus 50. 

4 Orbita l periods and eccentricit ies 

Let us start with the orbital period distribution (OPD) of Ap binaries. It is displayed in Fig. 1 and 
represents the number of periods falling within 0.5 wide intervals (in l ogP o r b ) plotted versus their 
centers. A gap at 3 • 102 days is not much pronounced but is still the most apparent feature of this 
distribution which supports our earlier findings. There is just one star, the well-known Ap binary 
HD 9996, within 160-630d interval. While the mentioned period gap is a common feature of Ap and 
Am binaries the distributions of eccentricities seem rather different. The eccentricities of magnetic 
stars (Fig. 2) do not seem to be effectively circularized and high eccentric orbits are present at the 
orbital periods as short as 5 days comparing to about 9 days in Am's (Budaj, unpublished) or to 
normal binaries (see e.g. Gerbaldi et al., 1985). Thus the lack of circular orbits is not probably 
only due to missing short period binaries but rather there is not enough time for the circulation 
mechanism, or Ap binaries themselves are selected by the nature to have such eccentricities for some 
reason. 

5 (V 1 — G) versus orbita l period and eccentricity 

One can study another important characteristic of Ap stars, (V1-G) photometric index, measuring 
the 5200 depression. The larger is the above index the more pronounced is this Ap anomaly. We 
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start with plotting this quantity versus orbital period as seen in Fig. 3. One might feel a tendency of 
increasing Ap peculiarity with P o r b spreading from short periods up to the period gap while i t looks 
reversed on its opposite side. Unfortunately, this behaviour is not very convincing but resemble very 
much that of index in Am binaries (Budaj, 1996b) which emphasizes significance of this feature. 
To speak in more objective terms, we have calculated Pearson's linear ( r l ) as well as Spearman's 
rank order (r$) correlation coefficients together with their two-sided significances or p-values (p l, ps, 
see Press et al., 1986 for further details). The latter simply represents the probability of appearance 
of a better correlation coefficient than that found here under the assumption that the quantities 

(V 1 - G) and l o g Po r b do not correlate at all (the so-called null hypothesis). Generally — but 
i t depends on your choice or degree of pessimism — a p-value less than about 0.05 is accepted as 
a serious support for the presence of the correlation. We see from Table 2, column 2, that neither 
the correlation coefficients on the left side of the period gap are large nor their significances can 
favour a correlation. However, this is not a full story and not a reason for giving up. A possible 
correlation might be easily smoothed by some other mechanism and, in connection with this, please, 
note a remarkable fact that high eccentric orbits (e > 0.2) clearly occupy the bottom of Fig. 3 for 
Porb < 160d emphasizing, at the same time, possible P o r b dependence. On the long period side of 
the gap, however, the opposite seems true. 

This motivates a search for eccentricity dependence. Corresponding situation is illustrated in 
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Fig.  4  and  does  not  look  very  promising  again.  Fortunately,  we  know  now  t h a t  t h e  s tars  occupying 

different  sites  of  t h e  period  gap  should  be  distinguished  from  one  a n o th e r .  Performing  t h e  task  we 

see  t h a t  th e  s ituation  has  changed  immediately.  W hile  t h e  s tars ,  coming  from  t h e  left  h an d  side 

of  th e  period  gap,  exhibit  a p p a re n t  and  significant  anticorrelation  with  eccentricity,  t h e  stars  from 

th e  other  h an d  side  of  t h e  gap  seem  to  behave  just  opposite .  For  corresponding  statist ics  check  e 

columns  4-5  of  Table  2.  This  allows  us  to  calibrate  th e  dependence  of  (V 1  -  G )  on  eccentricity 

and  consequently  to  remove  it  when  studying  other  effects.  As  a  preliminary  approxim ation  from 

th e  sketched  b o u n d a ry  lines  in  Fig.  4  we  accepted: 

and  calculated  values  which  are  referred  to  zero  eccentricity. 

(1) 

(2) 

W e  take  a  benefit  from  this  and j u m p  in  feet  back  to  Fig.  3  where  we  studied  t h e  Porb  dependence. 

Once  (V 1  -  G )  is  replaced  by  (V 1  -  G ) e = 0  on  th e  left  side  of  t h e  period  gap  one  can  realize 

im m ediately  (Fig.5)  t h a t  a  significant  correlation  with  Рorb  is  emerging  (see  column  3,  Table  2). 

6  M a g n e t i c  f ie ld  versus  orbita l  per iod  and  eccen tr ic i ty 

Th e  situation  is  now  ripe  for  reinvestigation  of  th e  interplay  between  m agnetic  field  and  binarity. 

Effects  similar  to  those  uncovered  above  might  be  expected  here  because  th ere  is  a  sort  of  corre-
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lation  between  5200  depression  and  m agnetic  field  s t ren gth  (H auck,  1975;  N o r th ,  1980;  C ra m e r 

and  M aeder,  1980;  H auck  and  N o rth ,  1982;  Lebedev,  1988;  R om anyuk  1986;  Glagolevskij,  1994). 

U nfortunately,  t h e  m agn et ic  observations  are  still  ra th e r  ra re  am on g  Ap  binaries  a l though  m ost  of 

th e m  are  ra th e r  bright  s ta rs .  In  t h e  following  we  accept  t h e  m ean  effective  m agn et ic  field,  <  Be  >, 

(see  Glagolevskij  et  al.,  1986)  as  a  m agnetism  p a ra m e te r .  Really,  t h e  behaviour  of  <  Be  >  versus 

Porb  (Fig.  6)  seems  analogous  to  t h a t  of  Fig.  3  including  t h e  behaviour  of  high  eccentric  orbits 

(e  >  0.2)  which  imply  lower  (higher)  field  on  t h e  left  (right)  side  of  t h e  period  gap .  However,  also 

here,  th is  Porb  dependence  is  not  significant  when  speaking  strictly  in  te rm s  of  statist ics  (see  col-

um n  2,  Table  3)  and  we  proceed  to  inspect  t h e  eccentricity  dependence  in  Fig.  7.  G uided  by  t h e 

(V 1  -  G )  scenario  we  distinguished  s tars  on  different  sides  of  t h e  period  gap  and  t h e  originally 

unprom ising  p icture  tu r n e d  clear  right  away.  T h e  significant  decline  of  <  Be  >  w ith  eccentricity  for 

P o r b  <  160
d
  has  emerged  accom panied  with  just  th e  opposite  tendency  for  Рorb  >  160

d
  (see  columns 

4,  5  of  Table  3).  If  one  est im ates  from  t h e  last  p icture  (dashed  line) 

(3) 

and  allows  for  it  when  studying  Porb  dependence,  th en  th e  la t te r  becomes  much  m ore  pronounced 

(Fig.  8)  and  significant  (column  3  of  Table  3). 



182 BUDAJ, ELKIN, ROMANYUK, WADE, ZIZNOVSKY, ZVERKO 



STATISTICAL ANALYSIS OF THE INFLUENCE OF BINARITY ON THE AP ... 183 

7 Brie f discussion 

One can suggest a very natural empirical explanation which could qualitatively catch both Po r b 

as well as eccentricity dependences on both sides of the period gap. Namely all this might be a 
manifestation of one dependence on periastrum distance which would proclaim a growing peculiarity 
(with the distance) up to the period gap and a sinking one behind it . Unfortunately, it is not so 
promising quantitatively as the scatter in (V 1— G) seems large enough to be straightened by this 
effect. 

Further accounts on the very pronounced behaviour of peculiarity, on e.g. eccentricity, might put 
some constraints also on further processes proposed in Ap stars. If there really are such strict eccen-
tricity dependences as seen in Figs. 4 and 7, this would imply that e.g. evolutionary (Glagolevskij, 
1996) or rotation velocity effects (Landstreet et al., 1975; Borra and Landstreet, 1980; Hauck and 
North, 1982) are not strong enough to smooth i t and that binarity effects are at least as important 
as the previous ones. 

The controversial fact that (1) although the Ap phenomenon is more pronounced at low eccen-
tricities but such orbits are lacking as well as that (2) there is an apparent deficiency of short periods 
and that (3) rotational and orbital axes are not parallel and that (4) SB2/SB1 ratio is pretty low 
indicate that an Ap star may endure just limited "working hours" of tidal effects of certain intensity 
or is not allowed to develop under such conditions. The mentioned conditions in a binary can well 
be characterized by the orbital parameters, mass ratio and age of binary systems. It might be then 
an attractive idea that even typical "non-binary" stars (in parenthesis as it is always relative what 
is a non-binary), such as Ap stars, could be understood as in the framework of binaries when we 
ascribe to them some special-limiting binarity parameters. 

Finally, we would like to stress that very similar and analogous features to those mentioned above 
are found in Am binaries as well. Thus both samples exhibit the same sign, probably, of the same not 
well-known puzzling processes acting on large distances between the companions. Perhaps Tassoul 
& Tassoul (1992) retardation-synchronization mechanism or empirical tidal mixing + stabilization 
hypothesis of Budaj (1996a) can shed more light on this interesting problem in the future. 

8 Conclusion 

Let us stop at this point and summarize the main results rather then pursue the above ideas deeper. 
We confirmed on a more elaborated statistical backgroud and larger sample the finding of Budaj 
(1995) that the physical characteristics of Ap binaries depend on orbital parameters. Namely both 

(V1 — G) and < Be > increase with orbital period on the short period side of the period gap while 
the opposite seems true on the other long period side. Both quantities exhibit even much more 
pronounced decline with eccentricity but also only i f the stars with P o r b < 160d are considered. 
The rest rather obey the reversed rule. This emphasizes the occurrence of the period gap itself 
ascribing to it , at the same time, the role of a breaking point in the behaviour of fundamental Ap 
characteristics. 
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