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Abstract. Recent analysis of the radio spectral index and high energy observations have

shown that the two-peak accretion/ejection microquasar model applies for LS I +61◦ 303.
Aim of this work is therefore, to find in the context of the microquasar scenario a possible explanation for the fast (daily) variations of the position angle observed with MERLIN
and confirmed by consecutive VLBA images. We calculate what could be the precessional
period for the accretion disk under tidal forces of the Be star (PT F ) or under the effect
of frame dragging produced by rotation of the compact object (PLT ). Our results are that
PT F is at least one year, while PLT strongly depends on the truncated radius of the accretion disk (Rtr ). We determine Rtr = 300rg for observed QPO at 2 Hz. This value is much
above the few rg , where the Bardeen-Petterson effect should align the midplane of the disk,
and agrees well with the expectation of the truncated radius for the very low/hard state of
LS I +61◦ 303 (> 100rg ). For Rtr = 300rg , PLT results in a few days for a slow rotator.
Therefore we conclude that Lense-Thirring precession could explain the daily variations of
the ejecta angle observed in LS I +61◦ 303.
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1. Introduction
◦

LS I +61 303 is an X-ray binary formed by
a compact object and a massive star with an
optical spectrum typical for a rapidly rotating
B0 V star (Hutchings & Crampton 1981). The
system is a strong periodic radio and gammaray emitter. Radio spectral index analysis by
Massi & Kaufman Bernadó (2009) have found
two peaks along the orbit of LS I +61◦ 303.
Each peak shows the microquasar characteristic of a switch from a steady (optically thick)
to a transient (optically thin) jet. Moreover,
also high energy observations with EGRET
Send offprint requests to: L. Zimmermann

(Massi et al. 2005) and Fermi-LAT (Abdo et
al. 2009) indicate two peaks (see discussion
in Massi & Zimmermann (2010) and Massi
in this volume). It has been shown from theory that for a microquasar with an eccentric
orbit (LS I +61◦ 303: e=0.54-0.7 (Aragona et
al. 2009; Casares et al. 2005)), indeed, the different relationship between the accretion rate
for density and velocity described by Bondi
(1952), creates two peaks in the accretion rate
curve, one at periastron and a second one towards apastron (Taylor et al. 1992; BoschRamon et al. 2006). In the next section we will
discuss the puzzling behaviour of the associ-
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ated ejection, when shown at high radio resolution.

2. Puzzling precession
When
comparing
VLBI
maps
of
LS I +61◦ 303 from Taylor et al. (2000)
with VLBA maps from Dhawan et al. (2006)
(see Fig. 1), it is obvious that the observed jet
has different position angles in the two images.
When closely inspecting a sequence of images
by Dhawan et al. (2006), taken three days
apart, in Fig. 2, it becomes clear that at some
epochs the receding jet appears attenuated
while at others it is not visible at all. Dhawan
et al. (2006) measured in their VLBA images
a rotation of the inner structure of roughly
5◦ − 7◦ in 2.5 hrs, which is almost 60◦ /day.
The variations of LS I +61◦ 303 are therefore
of a short timescale. Two MERLIN images of
LS I +61◦ 303 , taken one day apart, revealed
in fact the same variation of 60◦ in position
angle in only one day (Massi et al. 2004) as
can be seen in Fig. 2.

Fig. 2. Upper two panels: Two 24h MERLIN im-

ages from LS I +61◦ 303, taken on April 22nd
and 23rd in 2004 (Massi et al. 2004). Lower
panels: Three consecutive VLBA images from
LS I +61◦ 303, taken three days apart from each
other (the orbital phase is noted) in 2006 (Dhawan
et al. 2006).

angle and flux. The most likely cause for precession of an accretion disk of a compact object is an assymetric supernova explosion of
the progenitor, resulting in a tilt of the compact object (Fragile et al. 2007). Then, either
the accretion disk is coplanar with the compact object, and therefore subject to the gravitational torque of the Be star, or instead, the
accretion disk is coplanar with the orbit, but
tilted in respect to the compact object, which
induces Lense-Thirring precession, if the compact object rotates.

2.1. Tidally forced precession

Fig. 1. The left picture shows a VLBI image of LSI
+61303 from 2000 (Taylor et al. 2000), the right picture shows a VLBA image from 2006 (Dhawan et al.
2006). When comparing the pictures, it is obvious
that the position angle is different.

Precession of the accretion disk (and therefore of the jet), causing the jet to point closer
to or farther away from the line of sight, would
explain the observed variations in the position

If the accretion disk is tilted with respect to
the binary orbital plane, then its precession can
be tidally induced by the companion star. The
tidal forces acting upon an accretion disk can
be formulated using linear perturbation theory
(Larwood 1998; Massi & Zimmermann 2010):
PTF =

61.8 (1+µ)1/2 0.6+µ2/3 ln(1+µ−1/3 ) 3/2
]
[ 0.49
1.4
cos δ
µ
0.24

(1)

1+[ln(1.8µ)]

In Fig. 3, PT F is analysed with respect to the
mass ratio, µ, and the inclination angle, δ, for
LS I +61◦ 303, yielding a precessional period
above 460 d for the possible values. In addition, Fig. 4 shows the dependence on the disk
size (Eq. 1 in Massi & Zimmermann (2010)).
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Fig. 3. Precession period due to a tidal torque in-

Fig. 4. Precession period due to a tidal torque in-

duced by the Be star as a function of the mass ratio, µ, and the inclination angle, δ, of the orbital
plane with respect to the plane of the disk (Eq. 1)
(Massi & Zimmermann 2010). Even for the smallest possible values of δ and the highest values of µ
for LS I +61◦ 303, we already get Pprec = 460 d.

duced by the Be star as function of the mass ratio, µ, and the disk size Rrout
for an inclination ang
gle of δ = 5deg (Massi & Zimmermann 2010). One
needs to enlarge the disk size one order of magnitude, reaching the value of Rrout
= 106.5 , to finally
g
reduce PT F to a few days. Such a large Rout value
is unlikely. Already beyond about 104 gravitational
radii, self-gravitation is larger than central gravitation, and the disk becomes gravitationally unstable
(Collin & Huré 1999).

From this analysis the tidal force model cannot
reproduce the precessional period observed in
LS I +61◦ 303.

2.2. Lense-Thirring precession
Lense-Thirring, also called frame-dragging, is
an effect that concludes from general relativity, and which was first predicted in 1918
(Lense & Thirring 1918). According to theory, tilted orbits around a rotating object experience a torque, which causes the plane of
the orbit to precess. Therefore when a spinning compact object has a misaligned accretion
disk, precession of the disk will arise via the
Lense-Thirring effect. The precessional period
in days for a test particle inferred by the LenseThirring effect can be written as (Caproni et al.
2006; Wilkins 1972; Stella & Vietri 1998):
 3
−10 Mcompact object
r
PLT = 1.8×10
(2)
a∗
M
rg ,
where r is the radial distance of the test particle to the compact object and a∗ the dimensionless spin parameter, such that the angular
a∗ GM 2

compact object
momentum J is J =
(Fragile et al.
c
2001). The truncated radius, Rtr , of the geometrically thin accretion disk in the low/hard

state can be used for the radial distance r. For
LS I +61◦ 303, it can be estimated from QPO,
observed in LS I +61◦ 303 at a time where the
system is in the same X-ray state as for the
observed variations in the position angle (see
discussion in Massi & Zimmermann (2010)).
In 2008, during their monitoring with RXTE
(2-10 keV), Ray & Hartman observed a period of strong variability with a spectrum, best
fitted by a powerlaw of photon index about
1.5, which indicates that the source was in
the low/hard state. A power spectral analysis revealed QPO with a frequency of 2 Hz.
Setting this equal to the relativistic Keplerian
frequency, νK , and following Caproni et al.
(2006), this yields a truncated radius of Rrgtr =
300 (this value lies well above the limit of
a few rg , where the Bardeen-Patterson effect
would cause an alignment of the disk with the
rotation axis of the compact object (Nelson
& Papaloizou 2000)). This value is then used
to calculate the precession period for LenseThirring. The results from this analysis are depicted in Fig. 5 and 6. If the compact ob-
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Fig. 5. Lense-Thirring precession period for a test
particle as a function of the dimensionless specific
angular momentum, a∗ , (Eq. 2). The orbit of Rtr =
300rg has been determined by observed QPO at 2
Hz (Ray & Hartman 2008) during the low/hard state
(Massi & Zimmermann 2010).
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VLBA images by Dhawan et al. (2006), three
days apart, have confirmed the fast variations.
Here, we analyse precession due to the tidal
torque induced by the Be star and to the LenseThirring precession induced by the tilted rotating compact object. It is unlikely that the
observed days time scale could be created by
tidal precession. It is shown that this mechanism would produce too large a precessional
period of Pprec ≥ 460d. To lower the precessional period to a few days one should increase
the disk size above the limit of any stable disk.
On the contrary, for Lense-Thirring precession
we determine that a slow rotator induces a Pprec
of a few days for a truncated inner radius of
300 rg , consistent with the QPO at 2 Hz observed by Ray & Hartman (2008).
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Massi, M., Ribó, M, Paredes, J. M., et al. 2004,
A&A, 414, L1
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