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Abstract. We support and deepen our recent findings that a gap at about
3 . 102 days occurs in the orbital period distribution (OPD) of Ap binaries and
that this inconspicuous feature becomes, at the same time, a breaking point in an
increasing behaviour of A5200 depression as well as magnetic filed strength with
orbital period, Porb, Both latter quantities are uncovered to exhibit even much
more pronounced decline with the eccentricity of the orbit but only if the stars
on the short period side of the gap are considered. The other stars rather obey
the reversed rule. It is also pointed to a controversial fact that although the Ap
phenomenon is getting on well at circular orbits, on the other hand, there are a
number of high eccentric orbits still at rather short periods (Porb > Sd).

The main lesson to be learned from this contribution is that the physical
characteristics of the Ap binaries including their magnetism are governed by the
stellar binarity.

1 Motivation

The backbone of the research of CP stars is their modern classification scheme by Preston (1974).
He clearly distinguished a non-magnetic sequence of CP1 and CP3 (Am and HgMn) stars as well
as a magnetic sequence of CP2 (Ap) and some CP4 (He-weak) stars. Table 1 summarizes the well-
known basic facts about the most populated CP1 and CP2 groups along with the physical processes
invoked for their explanation. While, at present, we have at hand some explanation of the origin of
abundance anomalies or slow rotation of these stars it is not the case of their magnetic fields and
binarity both of which are often referred among the primordial causes of CP peculiarity. However,
no account for CP stars in their totality can be final, which leaves these mentioned distinguishing
characteristics completely disregarded. The apparently reversed appearances of magnetic fields and
binarity in Am and Ap stars suggest close relation of these quantities, which, if confirmed, might
push our understanding of CP phenomenon much deeper.

2 Introduction

First indication of Babcock (1958) stimulated Abt and Snowden (1973) to the pioneering and still
fundamental work favouring a connection between magnetism and binarity. Magnetic Ap stars
turned out to rarely occur in binaries while non-magnetic Am stars are dominantly short-period
ones. Later on Gerbaldi et al. (1985) extending the study of Floquet (1983) confirmed the lower
frequency of binaries among hot Ap (37%) stars but not for cool Ap stars (46%) when comparing to
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Table 1: A summary of some basic CP distinguishing characteristics and the potential causes of
theirs.

characteristics | Ap | Am | We have at hand ...
abundance diffusion, conv. zones,
anomalies Yes | Yes winds, mag. fields,
slow rotation
slow Yes | Yes | rot. induced mixing,
rotation binarity
mag. fields Yes | No NO IDEA
binarity No | Yes

the expectel standad value of 47% on the main sequene (Jaschk& and Gomez 1970) They even
first pointed out that the &V, — G) photometr¢ index reachs the highes values for low eccen
tricities of the orbits if long periods P,, < 200 are excluded This was however built only on two
points at low eccentricities Recently North (1994 obtainel agan a much lower percentag of cod
Ap stars amorg binaries — 19% which is close to that of Abt and Snowda (1973) Furthe studies
of Seggewis (1981 1993) Gerbald et al. (1985 and Lebede (1987 confirmel the lack of shott
periods the lack of circular orbits, lower SB2/SBL ratio and Lebede also found a predominane
of orbits with smalle amplitudes of radid velocities as well as no correlati;m betweea inclinations
of rotation and orbital axes in Ap binaries All this rouses our suspicion supportirg agan com
pletely reverseé binary characteristis of Am and Ap stars on an interplay of stella binarity and
magnetism

In connectim with this Budg (1994 1996a,b showal alread that the physicd characteristis
of Am binaries gainal anew dimensiomn — the dependene on the orbita period of the binary. Their
orbital periods were splitted by a 180 - 800" unpopulatée gap into two area (see also Abt, 1965)
The gap seemed to be al a bre& in the smooh decreasig behaviou of ém, index towards large
orbital periods (i.e. increasig of metallicity) for P, < 180 becaus suc a behaviou did not
continue on the othe side of the gap. In his subsequen analyss of Ap binaries (Budaj, 1995 he
points to the presene of an analogos period gap to a possibé analogos dependene of A(V, -G)
index and magnett field strengh on the orbita period (like 7, in Am's) as well as to the fact that
both quantities were seeminy to decreas with eccentricity This analyss was basel on Seggewis
(1993 data who consides just the Ap binaries listed in the Eighth Catalogwe of Orbital Elemens
of SB Systens (Batten et al., 1989 i.e. on the bed availabk critical soure® of orbitad parameters
Neverthelessa more complee list of Ap binaries can be derived from the cataloge of Ap stars by
Rensm et al. (1991)

In the following we aim at rerevisio of the abowe analyss using the latter sour@ of data which
is intendal to be a starting point of a more detailed study (in progres$ of the interplay betweea
stella magnetisn and binarity. A more complex researb shoull not disregad an investigation of
possible
- anomalie in orbital parametersmas ratio and ages
- dependene of Ap peculiariy on orbita parameters
- as well as that of rotationd characteristis including differentid rotation
- influence of circularization synchronizatia as well as pseudo-synchronizatio mechanis on the
Ap phenomenn and so on ..

Thus, alot of work is ahea and we will try to address at least partially to sone of thee points
below.
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Figure 1: OPD of 50 BpAp binaries. Arrows indicate the width of the smoothing window.
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3 Sample stars

Most of the data analyzel here are extractel from the databae of Rensam et al. (1991) apat from
the mean effectie magnete field. This was taken from Glagolevskj et al. (1986) The following
rules were obeyeal to avoid any ambiguity when compiling the sampék of stars we carefuly selecte
all the binary componens of Si, Sr, Cr or Eu peculiariy within B5-F5 spectr& type along with
a few binaries of mixed peculiariyy (Si, Sr, Cr or Eu accompanid by e.g He-w, Hg or Mn) if the
latter exhibited also eithe light-spectr& variatiors or detectel magnetc field. For suspectd triple
systens we left out the orbita periods of third bodies All thee were then complementd by the
recert data from North (1994 and Wade et al. (1996) Due to the scarciy of data it probaby does
not make a seng to distinguihh betwee cod and hot CP2's at present but althoud the resultirg
sampk is alittle inhomogeneos the grea majority of objects are within B9-Al spectr& types The
total numbe of Ap binaries included is thus 50.

4 Orbital periods and eccentricities

Let us stait with the orbita period distribution (OPD) of Ap binaries It is displaya in Fig. 1 ard
represerd the numbe of periods falling within 05 wide intervak (in logP,,,) plotted versis their
centers A gap at 3 ¢« 10° days is not much pronounce but is still the mos apparen featue of this
distribution which suppors our earlie findings There is just one star, the well-known Ap binary
HD 9996 within 160-630 interval While the mentionel period gap is a comma feature of Ap ard
Am binaries the distributiors of eccentricities seen rathe different The eccentricities of magnetc
stars (Fig. 2) do not seen to be effectively circularized and high eccentr¢ orbits are presen at the
orbital periodks as shot as 5 days comparig to abou 9 days in Am's (Budaj, unpublished or to
normd binaries (see e.g Gerbald et al, 1985) Thus the lack of circular orbits is not probaby
only due to missirg shot period binaries but rathe there is not enoud time for the circulation
mechanismor Ap binaries themselve are selecte by the nature to hawe sudc eccentricities for sonme
reason

5 (V, — G) versus orbital period and eccentricity

One can study anothe importart characteris@ of Ap stars A(V-G) photometrc index, measurig
the A520 depression The large is the abow index the more pronouncd is this Ap anomaly We
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Figure 2: Eccentricity versus orbital period.
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Figure 3: A(V, — G} versus P, for BpAp binaries.

startt with plotting this quantity versis orbita period as see in Fig. 3. One might fed atendeny of
increasig Ap peculiariy with P,,, spreadiig from shot periods up to the period gap while it looks
reversel on its opposit side Unfortunately this behaviou is not very convincirg but resembé very
much that of ém; index in Am binaries (Budaj, 199609 which emphasizs significane of this feature
To spe& in more objective terms we hawe calculatel Pearsors linea (r) as well as Spearmars
rank orde (r) correlati;m coefficiens togethe with their two-sided significance or p-values (p, p.,
see Pres et al., 198 for further details) The latter simply represerd the probability of appearane
of a betta correlation coefficient than that found here unde the assumptio that the quantities
AV, - G) and logP,,, do not correlae at all (the so-calla null hypothesis) Generaly — but
it depend on your choice or degre of pessimisn — a p-value less than abou 0.05 is acceptd as
a seriots suppot for the presene of the correlation We see from Table 2, colum 2, that neithe
the correlation coefficiens on the left side of the period gap are large nor their significance can
favour a correlation However this is not a full story and not a reasam for giving up. A possibé
correlation might be easiy smoothe by sonme othe mechanism and in connectim with this, please
note a remarkabé¢ fact that high eccentrc orbits (e > 0.2) clearly occupy the bottom of Fig. 3 for
Pob < 160 emphasizing at the sane time, possibe P,,, dependence On the long period side of
the gap however the opposite seens true.

This motivates a seart for eccentriciy dependence Correspondig situation is illustrated in
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Table 2: Correlation coefficients for the relation between A(V, — G) versus log Py, { Poy < 160%)
and eccentricity together with corresponding significances.

A(V, - G) x log Py, AV -G xe
Fig. 3 | Fig. 5 | P < 160¢ | Py, > 1607
r; | 0.03 0.43 -0.49 0.52
m | 0.87 0.011 0.003 0.08
r. | -0.05 | 0.33 -0.64 0.34
p. | 0.80 0.050 410°5 0.28
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Figure 4: A(V) — ) versus eccentricity of the orbit.

Fig. 4 and does not look very promising again. Fortunately, we know now that the stars occupying
different sites of the period gap should be distinguished from one another. Performing the task we
see that the situation has changed immediately. While the stars, coming from the left hand side
of the period gap, exhibit apparent and significant anticorrelation with eccentricity, the stars from
the other hand side of the gap seem to behave just opposite. For corresponding statistics check e
columns 4-5 of Table 2. This allows us to calibrate the dependence of XV! - G) on eccentricity
and consequently to remove it when studying other effects. As a preliminary approximation from

the sketched boundary lines in Fig. 4 we accepted:

AV, — G)
———= = —-0.052
Je (1)
and calculated A{VI - G)ezg values which are referred to zero eccentricity.
A(Vl - G)g:o = A(Vl — G) 'i‘ 00526 (2)

We take a benefit from this and jump in feet back to Fig. 3 where we studied the Porb dependence.
Once XV! - G) is replaced by AV! - G)e=0 on the left side of the period gap one can realize

immediately (Fig.5) that a significant correlation with Porb is emerging (see column 3, Table 2).

6 Magnetic field versus orbital period and eccentricity

The situation is now ripe for reinvestigation of the interplay between magnetic field and binarity.

Effects similar to those uncovered above might be expected here because there is a sort of corre-
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Figure 5: A(V, — G).=¢ versus P,, with the eccetricity dependence removed for Pop, < 1604,
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Figure 6: Mean effective magnetic field < B, > as a fanction of P, of BpAp binaries.
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lation between A5200 depression and magnetic field strength (Hauck, 1975; North, 1980; Cramer
and Maeder, 1980; Hauck and North, 1982; Lebedev, 1988; Romanyuk 1986; Glagolevskij, 1994).
Unfortunately, the magnetic observations are still rather rare among Ap binaries although most of
them are rather bright stars. In the following we accept the mean effective magnetic field, < Be >,
(see Glagolevskij et al., 1986) as a magnetism parameter. Really, the behaviour of < Be > versus
Porb (Fig. 6) seems analogous to that of Fig. 3 including the behaviour of high eccentric orbits
(e > 0.2) which imply lower (higher) field on the left (right) side of the period gap. However, also
here, this Porb dependence is not significant when speaking strictly in terms of statistics (see col-
umn 2, Table 3) and we proceed to inspect the eccentricity dependence in Fig. 7. Guided by the
A (V1 - G) scenario we distinguished stars on different sides of the period gap and the originally
unpromising picture turned clear right away. The significant decline of < Be > with eccentricity for
Pory < 160Ol has emerged accompanied with just the opposite tendency for Porb > 1600l (see columns

4, 5 of Table 3). If one estimates from the last picture (dashed line)

0<B, >

—4.5
Je (3)

and allows for it when studying Porb dependence, then the latter becomes much more pronounced
(Fig. 8) and significant (column 3 of Table 3).
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Table 3: Correlation coefficients for the < B, > versus log Py, (Pon, < 160?) and eccentricity
together with corresponding significances.

< B, > xlog Fop, < B, > xe
Fig. 6 | Fig. 8 | Po, < 160¢ | Pop, > 1607
| 0.12 (.50 -0.55 0.44
pi | 0.67 |0.06 |0.03 0.27
r, | -0.14 | 0.55 -0.77 0.17
p. | 062 |0.03 |810°4 0.69
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Figure 7: < B, > as a function of eccentricity of the orbit.

3.0 e . .
a o b
g 20 o o 3
(¥ [ &« © ]
X 18 ° ;
% 1.0 ? o g o i
-~ E 09 ]
v 05 ]
3 ; 5

0.0 F o E

_0. “-. ALk L5 1L "
fo ' brblé&?l penod (tday[ﬁ‘ 10'

Figure 8: < B, >,y versus Porb The same as in Fig. 6 but with the eccentricity dependence removed
for P, < 160d
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7 Brief discussim

One can sugges a very naturd empiricd explanatim which could qualitatively catch both P, ,
as well as eccentriciy dependence on both sides of the period gap Namely all this might be a
manifestatio of one dependene on periastrun distan@ which would proclaim a growing peculiarity
(with the distanc@ up to the period gap and a sinking one behird it. Unfortunately it is not so
promising quantitativey as the scatte in A(V.— G) seens large enoud to be straightend by this
effect

Furthe accouns on the very pronouncd behaviou of peculiarity, on e.g eccentricity might put
some constrains also on further processe proposel in Ap stars If there really are sud strict eccen
tricity dependence as sea in Figs 4 and 7, this would imply that e.g evolutionay (Glagolevskij
1996 or rotation velocity effecs (Landstreé et al.,, 1975 Borra and Landstreet 1980 Haudk and
North, 1982 are not strorng enoudr to smooh it and that binarity effecs are at leag as importarn
as the previows ones

The controversia fact that (1) althoudh the Ap phenomenn is more pronounce at low eccen
tricities but suc orbits are lacking as well as that (2) there is an apparen deficieng of shott periods
and that (3) rotationd and orbital axes are not paralld and that (4) SB2/SBL ratio is pretty low
indicate that an Ap star may endure just limited "working hours" of tidal effects of certain intensity
or is not allowedto develop under such conditions. The mentiona& conditiors in a binary can well
be characterizd by the orbita parametersmass ratio and age of binary systems It might be then
an attractiw idea that even typicd "non-binary' stars (in parentheds as it is always relative what
is a non-binary) sud as Ap stars could be understod as in the framewok of binaries when we
ascrile to them some special-limiting binarity parameters

Finally, we would like to stres that very similar and analogos features to those mentional abowe
are found in Am binaries as well. Thus both sample exhibit the same sign, probably of the sane not
well-known puzzling processs acting on large distance betwee the companions Perhag Tassol
& Tassoll (1992 retardation-synchronizatiomechanim or empiricd tidal mixing + stabilizatian
hypothess of Budg (199639 can shal more light on this interestirg problen in the future.

8 Conclusion

Let us stop at this point and summariz the main resuls rathe then purswe the abow ideas deeper
We confirmed on a more elaboratéd statisticd backgrod and large sampk the finding of Budg
(1995 that the physica characteristis of Ap binaries depem on orbita parameters Namel both
AV, —G) and < B, > increa® with orbital period on the shot periad side of the period gap while
the opposie seens true on the othe long period side Both quantities exhibit even much more
pronounce decline with eccentriciy but also only if the stas with P,,, < 160 are considered
The reg rathe obey the reverse rule. This emphasize the occurrene of the period gap itself
ascribirg to it, at the same time, the role of a breakirg point in the behaviou of fundamenth Ap
characteristics
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