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ABSTRACT

Orbital period modulation is observed in many magnetically active close binaries. It can be explained by
magnetic connection between two stars. Magnetic connection produces weak force between the two stars. As the
magnetic field varies periodically, the orbital period also shows cyclical variations. The mechanism can also be
used to explain irregular orbital period variations and orbital period jumps. The mean surface magnetic strength
is calculated by using the Radia package, which is dedicated to 3D magnetostatics computation. On the basis of
the results, a practical equation is given to calculate surface magnetic strength.

Subject headings: binaries: close — stars: activity — stars: magnetic fields

1. INTRODUCTION The gravitational force between the two components is

Orbital period modulation often appears in Algol, RS Canum or\2
Venaticorum, W Ursae Majoris systems, and cataclysmic vari- F = aw®™M = a(—T) M , (1)
ables with relative amplitudes afP/P ~ 107 to 10 Irregular ° ’ P/ "
orbital period variations and orbital period jumps are also prev-
alent in close binaries, such as AR Lac (see Siviero et al. 2006,whereM, = M;M,/(M, + M,) , andw and P are angular ve-
Fig. 3), TW Dra (see Qian & Boonrucksar 2002, Fig. 1), TU locity and orbital period, respectively. Differentiating equation
Her (see Qian 2000, Fig. 4), and RW Tau (séad 1997a, (1) and using Kepler's third law, we obtain
Fig. 1).

Light-time effect is often used to explain the orbital period AFE 4 AP
modulation. However, in most cases a third body with large ?g =3P (2)
mass is absent in its spectrum. Moreover, many observations 9
indicate the orbital period variations are quasi-periodic or ir- o ] )
regular, but the light-time effect requires that period variations N order to produce the variation amplitud®/P , the required
be strictly periodic. Applegate (1992) proposed a model in Variation in magnetic forcaF,, must satisfy
which redistribution of angular momentum in the magnetically
active components causes variations in the oblateness of the 4 AP 4 AP GM, M,
star, and therefore produces gravity changes and orbital period ARy = = 3P Fo=- 3P az '
variations. But, Lanza (2005, 2006) found that the necessary
energy to drive angular momentum exchanges between th
inner and outer convective shells is much more than that sup
plied by the stellar luminosity. In this Letter, we present a
mechanism involving magnetic connection to explain orbital
period modulation and irregular orbital period variations in-
cluding orbital period jumps.

3)

SvhereG is the gravitational constant, ahd, ahky are the
“masses of the two components.
A reference frame with its origin at the barycenter of the
primary star and the-axis in the line connecting the stars’
centers is assumed to corotate with the system. A spherical
polar coordinate system,{, ¢) is used, whereis the distance
from the origin,# is the colatitude measured frofi  at the
2. MAGNETIC CONNECTION MODEL +z-axis (or the second component)t8C  at the-axis, and

o ¢ is the longitude measured counterclockwise fr@h to

_ As the components in binary systems rotate about 10-10036@. For simplicity, we assume that the magnetic field inside
times faster than the Sun does, the magnetic field is expecteghe two starsB, , is uniform and identical, and along the

to be much stronger than that of the Sun. In addition, the binary axis. The two components can be taken as two magnetic dipoles
separation is very small with/(R, + R,) ~ 1-3 , wheieis with magnetic moment given by

the separation an®, ariR, are the radii of the two compo-

nents, respectively. With such a small separation, the magnetic 47R°. B

fields of the two components encounter each other and connect. m,, = 1220
1,2

Then, the two stars will magnetize each other. So, it is rea- ' 3 o

sonable to suppose that the magnetic axes of the two com-

ponents will move in the line connecting the stars’ centers. On whereu, is the magnetic conductivity constant in a vacuum.

the basis of these assumptions, we develop a simplified mag-The magnetic scalar potential produced by the primary com-

netic connection model to explain orbital period modulation ponent star at is

and irregular period variations.

&, (4)

m,-r m,cos
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TABLE 1

THE BASIC PARAMETERS AND REQUIRED MAGNETIC FIELD FOR SOME CLOSE BINARIES
THAT SHOW ORBITAL PERIOD VARIATIONS

M, R M, R, a AP/P AF B, B,

Name Type (Mg) (Ro) (Mg) (Rg)  (Ry)  (x10%  (x10®°N) @) (T) Reference
RT LMi ....... EW 1.28 1.28 0.48 0.83 2.64 3.1 19.9 23.9 2.0 1
EQTau ....... EW 1.23 1.14 0.54 0.79 2.48 4.6 36.1 345 2.7 2
TYBoo....... EW 1.14 1.05 0.53 0.75 2.32 6.9 56.3 45.4 3.7 3,4
FG Hya ....... EW 1.44 141 0.161 0.59 2.34 13.6 41.8 52.4 4.2 5
XY Leo ....... EW 0.46 0.66 0.76 0.83 1.95 21.3 142.3 80.5 6.4 6
SV Cam ...... EB 0.86 0.98 0.65 1.18 341 3.0 10.5 47.0 3.7 1,7
ZZ Aur ....... EB 1.62 1.73 0.76 1.26 4.0 35 19.6 25.3 2.1 8
DI Peg ........ EB 1.18 1.41 0.70 1.37 414 3.0 10.5 29.1 2.3 9
CGCyg....... EA 0.97 1.00 0.80 0.83 3.7 2.4 9.9 136.0 109 10, 11
RT Lac ....... EA 1.58 4.25 0.62 480 15.8 8.4 2.4 9.0 0.7 12, 13
RTCB ....... EA 1.34 2.61 1.36 295 174 54 2.4 61.6 4.9 14, 15
AR Lac® ...... EA 1.21 261 1.17 1.51 8.87 24.0 314 1430 114 16
TW Dr& ...... EA 1.7 2.4 0.8 3.4 11.4 9r.6 69.7 110.0 8.8 17, 18
TU Her ...... EA 1.54 156 0.46 2.46 9.14 28.2 174 1198 9.6 19, 20
RW Taud ...... EA 2.43 297 0.55 445 158 16.1 6.3 32.3 2.6 21, 22

®These show irregular orbital period variations.

® Calculated by the present authors.

REFERENCES.— (1) Yang & Liu 2004; (2) Yuan & Qian 2007; (3) Yang et al. 2007; (4) Milone et al. 1991; (5) Qian &
Yang 2005; (6) Szalai et al. 2007; (7) Milone et al. 2005; (8) Oh et al. 2006; (9) Lu 1992; (10) Kjurkchieva et al. 2003; (11)
Jassur et al. 2006; (12)aRirli et al. 2003; (13) Albayrak et al. 1999; (14) Qian et al. 2003; (15) Sabby & Lacy 2003; (16)
Siviero et al. 2006; (17) Walter 1978; (18) Qian & Boonrucksar 2002; (19) Qian 2000; (20) Brancewicz & Dworak 1980;
(21) 9mon 1997a; (22) van Hamme & Wilson 1990.

The magnetic field at is a. However, the face-to-face separation between the two com-
ponents is much smaller than the center-to-center separation,

mom, ] a. In order to get an accurate estimate of the magnetic force,

B = —puoVy(r) = g (2 cosbe, + sinbe,), (6) we use the Radisoftware package to calculate the magnetic
force between the two components. First, we take two stars as

wheree is unit vector in the-direction ande, is unit vector two cyllndr]c magnets \.N'th magnetic and geometrical axes both
in the 6-direction. Using equation (4), the force on the other along the line connecting the stars’ centers. The magnetic axes
: ' do not move relative to the stars as the binary system rotates

magnetic dipole (the second component) at as, IS synchronously. We assume the cylindric magnets with heights
VRIS of 2.0R,, and radii of 0.4R,,. The magnets are magnetized
F,=(m,-V)B = — 3u0m1mzez = — 8TBRR> . (D uniformly with B,. As the genuine radius in the direction of

the line connecting the stars’ centers is larger tRan Ror
we move the two cylindric magnets a little closer. For a contact
Given that0 < AB < 2B, AB = 2B, if the magnetic axis re- binary (EW-type binary), the face-to-face separation is zero,
verses just as the Sun does every 11 years), we assumeo we placed the two magnets so that they are touching. For

AB ~ B, andAF,, ~ F,,. Then combining equations (3) and (7) a near-contact binary (EB-type binary), we move the two mag-
nets closer by0.2(R, + R,) . For a detached or semidetached

2ra* 3u,a’

gives
binary (EA-type binary), we move the two magnets closer by
141G M, M, AP\V? M,M,AP\*? 0.1R, + Ry). _ _ _
Bo ~ (207r R;R;? = 1.5 x 10% ﬁﬁz? ) In order to produce the magnetic force given by equation
12 12 (3), the required magnetic fielB, is calculated for several

(8) close binaries which show orbital period variations, and listed
in Table 1, along with other relevant parameters. In fact, the
whereM, , ,R, ,, anda are in solar units an@ is in days. magnetic fields of the two stars are superposed. What is given
Equation (7) indicates that the magnetic force is sensitive to In Table 1 is the superposed field. o
The total magnetic flux that passes beyond one cylindric
magnet is given byd = 7(0.4R,,)°B, . We assume that the
magnetic flux,®, passes uniformly through the stellar hemi-
sphere which faces away from the other star (see Fig. 1). So,
the mean magnetic field on the hemisphere Bs=
®/(27R;?,) = 0.08, Our calculation shows the magnetic
strength in the space between the two starg%-6)B. How-
ever, the magnetic field in the space cannot be observed by us.
Bs So B, is used as the mean magnetic field that we can observe.

star 1 star 2

% The Radia package is developed by European Synchrotron Radiation Facility
Fic. 1.—Possible configuration of the magnetic field in a close binary and is available at http://www.esrf.eu/Accelerators/Groups/InsertionDevices/
system. Software/Radia/Radia_download.
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Using the results calculated with the Radia pack&ye,
be expressed in the form of equation (8):

- M, M, AP\"?
B, = ka| = 2—) , 9
: (Rng P ®)
where k~ (0.5-0.8)x 10° for contact binaries,k~
(0.8-1.1)x 10* for near-contact binaries, andk~

(1.2-1.8)x 10 for semidetached and detached binarisg, ,
R, anda are in solar units ané® is in days. This equation
gives smalleB, than equation (8) by an order of magnitude.

3. DISCUSSION AND CONCLUSIONS
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canstrength required for period variations is 1-10 T. If the magnetic

axes are not along the line connecting the stars’ centers, the
required magnetic field on the surface which can be observed
will increase by 10%—-100%. It is well known that the bigger
the sunspot, the stronger the magnetic field. Spots in binary
systems are 100—1000 times bigger than sunspots. So, the spot
magnetic field in binary systems is expected to be much stron-
ger than the sunspot magnetic fieteD(25 T), suggesting that
the mean surface fiel®, , may be in agreement with our pre-
dictions. Zeeman observations of the lfegion indicate that

a magnetic field o4 T exists on the magnetically active binary
star BY Dra (Anderson et al. 1976), which is in general con-
sistent with the required magnetic field of 5—6 T if the typical
AP/P of 10°° and the basic parameters given by Boden & Lane

A mechanism of magnetic connection has been introduced(2001) are adopted.

to explain orbital period modulation and irregular orbital var-
iations, especially, a small amplitude of orbital period varia-

According to our model, the quasi-periodic/irregular orbital
period changes are accompanied by variations in magnetic ac-

tions. For some systems, a small amplitude of quasi-periodictivity, which is reflected by & emission, Car H and K emis-

or irregular orbital period variations is superposed on an in-

sion, and so on. Hall (1991) andn$on (1997b) found that

creasing, decreasing, or cyclically varying orbital period. These changes of the orbital periods of CG Cyg and U Sge are cor-
small variation components can also be explained very well related with the brightness variations. This is compatible with
by our model, as the required magnetic field is weak accordingour model. In order to further verify our theory, long-term

to equation (9).

Helioseismology reveals that the poloidal magnetic field in
the solar core can become as intense-280 T (Rashba et al.
2007). This field is consistent with thi&, in our model. If the

observations of magnetic fields and chromospheric activity are
needed for eclipsing close binaries.

We thank an anonymous referee for some useful suggestions

internal magnetic field in one component rises up along the and Richard Pokorny for his help with English. This work is
line connecting the stars’ centers under buoyancy force andsupported by National Natural Science Foundation of China
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