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Question: Why the hell should CBDs become polar?

Observational biais: 
Kepler observations 

Only a few circumbinary planets 
Mostly coplanar geometries

Necessary conditions:
inner binary with a < 1 au 
warp = tilt      + twist       , 

flybys can do the job! 
Kozai-Lidov osc.

Outcomes: alignment, anti-alignment or polar alignment
More info —> poster by Antoine Rocher
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How stable are these polar orbits?
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Fig. 2: Dynamical maps of inclined systems setting initial ⌦ = 90o, with eccentric binary, eB=0.01, 0.2, and 0.5, from left to right
respectively. The rightmost panel correspond to an initial condition for particles with a = 0.295aB and eB = 0.5, where prograde
orbits are unstable.

On the other hand, when ⌦ = 90� the stability maps are
rather di↵erent and new stable regions appear. Namely, there are
stable orbits with high inclinations (45�  i  135�) as close
as retrograde orbits. Polar orbits are remarkably stable at small
semi-major axis (a ⇠ 0.25 au). Furthermore, we analyze the im-
pact of the binary mass ratio on the stability of the orbits. The
two rightmost panels of Figure 1 show the stability maps for
M2/M1 = 0.5 and M2/M1 = 0.2. As the mass ratio decreases, the
resonances become more important and deplete the polar region
(i ⇠ 90�). Only some islands of stability with regular orbits are
able to survive at polar inclinations in the inner regions (a  0.3
au).

In Figure 2, we show dynamical maps of the (⌦, i) plane for
a test planet in the region of regular orbits, a = 8 aB. The phase-
space can be more easily understood by looking at the variations
in⌦ (noted �⌦). We consider three cases: i) circular (eB = 0.01),
ii) mildly eccentric (eB = 0.2) and iii) very eccentric (eB = 0.5)
binaries. If the value of �⌦ is high (red), then⌦ circulates; while
if �⌦ is small (green and blue), then ⌦ librates. Polar oscilla-
tions occurs when i ⇠ 90� and ⌦ librates. Therefore, as can be
seen in the top panel of Fig. 2, circular binaries can hardly harbor
polar planets (unless the initial inclination is already extremely
close to ±90�). Interestingly, there is no dependence on !. As
eB increases, the phase space corresponding to polar orbits in-
creases as well — especially at ⌦ = 90�. In this plane, for a
given couple of values (⌦, i), the orbit is polar when ⌦ librates
(�⌦ < 180�), i.e. the non- brown regions in Fig. 2. The range of
inclinations for which polar alignment is expected is the broad-
est around ⌦±90�, while it is empty for ⌦ = {0�, 180�}. In the
latter case, the orbits are either prograde or retrograde, unless
the initial condition is i ⇠ 90�. In this particular configuration,
a flip between prograde and retrograde orbits can occur (see e.g.
Farago & Laskar 2010; Naoz et al. 2017). These results are in
excellent agreement with the secular Hamiltonian for an exte-
rior perturber obtained by Li et al. (2014). Based on their analy-
sis, for any given couple of (⌦, i), it is possible to compute the
range of initial inclinations for which i librates around 90�. For
instance, if ⌦ ± 90�, then this range is given by the following
equation:

arcsin

s
1 � e2

B

1 + 4e2
B
< i < ⇡ � arcsin

s
1 � e2

B

1 + 4e2
B
. (1)

To sum up, the most favorable conditions to obtain stable
polar orbits for circumbinary planets are reached — at moderate

to high inclinations — around equal-mass and eccentric binaries
for which ⌦ ⇠ ±90�. It is interesting to note that libration of
nodes only occur when the mass of test planet is very small (<
10�12MO); in the contrary case the nodes can librate with high
amplitude and even precess, thus decoupling from the movement
of the circumbinary disc.

3. Hydrodynamical simulations of misaligned

circumbinary discs

CG: aca hay q pasar todo lo q dice a por aB y e por eB. CG: It
is supposed that after the stellar flyby that tilt and twist the disk,
the disk will evolve to an equilibrium configuration, i.e. those
identified in the previous section. To check that,

3.1. Circumbinary disc setup

We perform 3D-hydrodynamical simulations with the phantom
SPH-code (Price et al. 2017). SPH (for reviews, see e.g. Mon-
aghan 2005; Price 2012) is well suited to simulating circumbi-
nary discs because there is no preferred geometry and angu-
lar momentum is conserved to the accuracy of the timestepping
scheme irrespective of the plane of the binary orbit. In order to
directly compare our results with the ones reported by Martin &
Lubow (2017), we chose the same binary and disc parameters:
an equal mass binary (M1 = M2) in the x � y plane with total
mass M = M1 + M2 = 1 M� and eccentricity equal to e = 0.5.
Both stars are represented by sink particles with accretion radii
equal to 0.25 a, which interact with the gas via gravity and ac-
cretion (Bate et al. 1995; Price et al. 2017). We accrete particles
without checks if they pass within a radius less than 80% of the
accretion radius.

The disc inner and outer radii are set to Rin = 2 a and
Rout = 5 a, respectively, assuming an initially power law sur-
face density profile ⌃ / R�3/2. We model the gas with 106 SPH
particles assuming a total mass of 0.001 M� — see Price et al.
(2017) for details of the disc setup used in phantom. We adopt
a mean Shakura-Sunyaev disc viscosity ↵SS ⇡ 0.01. Given the
disc mass, we neglect the disc self-gravity in our calculations.
Furthermore, we assume that the disc is locally isothermal, i.e.
that the sound speed follows cs / r�3/4 and H/R = 0.1 at R = Rin
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Fig. 1: Dynamical maps of inclined systems with M = M1 + M2 = 1 M� (from left to right): {M1 = M2, ⌦ = 0�}, {M1 = M2,
⌦ = 90�}, {M2 = 0.5 M1, ⌦ = 90�} and {M2 = 0.2 M1, ⌦ = 90�}. Top labels marks the period ratio with the binary. Regions
between horizontal red lines correspond to real polar orbits, numerically identified and also tested with the Eq. 1). Long term
integrations shown that initial conditions in brown regions not survive more than 105 periods around the binary.

demonstrated through numerical simulations that — under some
specific initial conditions — a CBD can tidally evolve towards
polar configuration with respect to the binary orbital plane. Then,
this mechanism has been further investigated by Zanazzi & Lai
(2018b) and Lubow & Martin (2018), who provided an analyt-
ical framework to describe the polar alignment of CBDs. The
novelty of these works is that they account for the gaseous vis-
cosity of the disc, which produces a damping of the oscillation
of the disc inclination. However, one question remains: how does
the disc reach such specific conditions for polar alignment? Tidal
encounters, also called stellar flybys, provide a natural way to tilt
and twist a CBD. In fact, an initially aligned disc can be tilted by
several tens of degrees and twisted by roughly 90� after a flyby
(Cuello et al. 2018). In this scenario, inclined and retrograde en-
counters are the most e�cient for disc warping (Xiang-Gruess
2016).

This background encourage us to revisit the dynamics and
stability of inclined discs around binaries. First, in Sect. 2, we
study the stability of a P-type planet around an eccentric binary
system through N-body integrations. Then, we investigate which
binary and disc conditions are required for polar alignment. In
Sect. 3, we present the evolution of a broad variety of misaligned
CBDs obtained through three-dimensional hydrodynamical sim-
ulations. Section 4 discusses the implications for planet forma-
tion in CBDs. Finally, we summarize our findings in Section 5.

2. N-body simulations of circumbinary orbits

We consider a binary system with total mass M and individual
masses M1 and M2. We compute the evolution and stability of
single planets — modeled as test particles — around the binary.
Each planetary orbit is described by 6 orbital parameters: the
semi-major axis a, the eccentricity e, the inclination i (with re-
spect to the binary orbital plane), the mean longitude �, the lon-
gitude of pericenter $ (alternatively argument of pericenter !),
and the longitude of the ascending node ⌦. The subindex B is
used when referring to the binary orbit. Without loss of general-
ity, we set {�B = 0�, $B = 0�, ⌦B = 0�}. Then, the angles of a
given particle are measured from the direction of the binary peri-
center. Since, we aim to expand the work by Martin & Lubow
(2017), we set our fiducial system with M1 = M2 = 0.5 M� and

eB = 0.5. Since we assume a relaxed disc, the particles initially
have circular orbits, e=0.

For an S-type planet, the stellar perturber is exterior to the
planetary orbit. In such a configuration (see e.g. Giuppone &
Correia 2017), the Lidov-Kozai resonance (Lidov 1961; Kozai
1962) dominates the phase-space giving the well known cou-
pling between eccentricity and inclination. The resonance has
centers of oscillation for ! = ±90� and there is no dependence
on ⌦ whatsoever. On the contrary, for a P-type planet, the stel-
lar perturber is interior to the planetary orbit. In this case there
is no Lidov-Kozai resonance and the dynamics depends on ⌦
with two equilibrium points at {⌦ = ±90�, i = 90�}, where both
angles librate (instead of circulating).

In this work, we focus on the evolution and stability of P-
type planets (a > aB) for a wide variety of configurations. We
construct a regular 2D mesh of initial conditions with a pair of
orbital parameters, while the remaining four parameter are ini-
tially set at nominal values. We solve the three-body equations of
motion numerically with a Burlisch-Stoer integrator with double
precision and tolerance 10�12. Each orbit is integrated for 3000
binary periods. If the planet either collides with one of the stars
or escapes from the system, then it is colored in white in Fig. 1.
Additionally, for each initial condition we compute its MEGNO
value hYi (Mean Exponential Growth of Nearby Orbits). This in-
dicator is particularly useful because it identifies chaotic orbits
at a low CPU-cost (Cincotta & Simó 2000). Values of hYi ⇠ 2
means regular orbits while hYi > 2 means chaotic and maybe
unstable orbits.

In Figure 1, we show dynamical maps of the (a, i) plane for
⌦ = 0� (leftmost panel) and ⌦ = 90� (i.e. the nodes between the
particles and the binary verify �⌦ = ⌦ �⌦B = 90�). On the one
hand, when ⌦ = 0�, the prograde orbits are stable only beyond
0.35 au, while retrograde orbits are stable closer to the binary
system (a ⇠ 0.22 au) , due to the overlap of resonances (see ?) .

The N : 1 mean motion resonances (MMR) are associated to
the regions with higher eccentricity excitation (these orbits have
< Y >� 2). For prograde cases, the 6 : 1 MMR is the first strong
resonance (a ⇠ 0.35) and for retrograde cases the 4 : 1 appears
as the most important one. Interestingly, the near polar orbits are
stable, which is not the case for S-type configurations (see white
gaps in Fig. 5 in Giuppone & Correia 2017).
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a < 0.3 aB
<latexit sha1_base64="Whi5WTENOEoBgt7dfzY+UkBE6+M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCwmJCroQKbpxWcE+oAlhMp20Q2cmYWYi1FD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nuilFGlXffbKi0sLi2vlFcra+sbm1v29k5TJZnEpIETlsh2hBRhVJCGppqRdioJ4hEjrWhwM/ZbD0Qqmoh7PUxJwFFP0JhipI0U2nsIXkLXOYX+MURh7ksOr0ehXXUddwI4T7yCVEGBemh/+d0EZ5wIjRlSquO5qQ5yJDXFjIwqfqZIivAA9UjHUIE4UUE+uX4ED43ShXEiTQkNJ+rviRxxpYY8Mp0c6b6a9cbif14n0/FFkFORZpoIPF0UZwzqBI6jgF0qCdZsaAjCkppbIe4jibA2gVVMCN7sy/OkeeJ4ruPdnVVrV0UcZbAPDsAR8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj2lqyipld8AfW5w/6jpL6</latexit><latexit sha1_base64="Whi5WTENOEoBgt7dfzY+UkBE6+M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCwmJCroQKbpxWcE+oAlhMp20Q2cmYWYi1FD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nuilFGlXffbKi0sLi2vlFcra+sbm1v29k5TJZnEpIETlsh2hBRhVJCGppqRdioJ4hEjrWhwM/ZbD0Qqmoh7PUxJwFFP0JhipI0U2nsIXkLXOYX+MURh7ksOr0ehXXUddwI4T7yCVEGBemh/+d0EZ5wIjRlSquO5qQ5yJDXFjIwqfqZIivAA9UjHUIE4UUE+uX4ED43ShXEiTQkNJ+rviRxxpYY8Mp0c6b6a9cbif14n0/FFkFORZpoIPF0UZwzqBI6jgF0qCdZsaAjCkppbIe4jibA2gVVMCN7sy/OkeeJ4ruPdnVVrV0UcZbAPDsAR8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj2lqyipld8AfW5w/6jpL6</latexit><latexit sha1_base64="Whi5WTENOEoBgt7dfzY+UkBE6+M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCwmJCroQKbpxWcE+oAlhMp20Q2cmYWYi1FD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nuilFGlXffbKi0sLi2vlFcra+sbm1v29k5TJZnEpIETlsh2hBRhVJCGppqRdioJ4hEjrWhwM/ZbD0Qqmoh7PUxJwFFP0JhipI0U2nsIXkLXOYX+MURh7ksOr0ehXXUddwI4T7yCVEGBemh/+d0EZ5wIjRlSquO5qQ5yJDXFjIwqfqZIivAA9UjHUIE4UUE+uX4ED43ShXEiTQkNJ+rviRxxpYY8Mp0c6b6a9cbif14n0/FFkFORZpoIPF0UZwzqBI6jgF0qCdZsaAjCkppbIe4jibA2gVVMCN7sy/OkeeJ4ruPdnVVrV0UcZbAPDsAR8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj2lqyipld8AfW5w/6jpL6</latexit><latexit sha1_base64="Whi5WTENOEoBgt7dfzY+UkBE6+M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCwmJCroQKbpxWcE+oAlhMp20Q2cmYWYi1FD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nuilFGlXffbKi0sLi2vlFcra+sbm1v29k5TJZnEpIETlsh2hBRhVJCGppqRdioJ4hEjrWhwM/ZbD0Qqmoh7PUxJwFFP0JhipI0U2nsIXkLXOYX+MURh7ksOr0ehXXUddwI4T7yCVEGBemh/+d0EZ5wIjRlSquO5qQ5yJDXFjIwqfqZIivAA9UjHUIE4UUE+uX4ED43ShXEiTQkNJ+rviRxxpYY8Mp0c6b6a9cbif14n0/FFkFORZpoIPF0UZwzqBI6jgF0qCdZsaAjCkppbIe4jibA2gVVMCN7sy/OkeeJ4ruPdnVVrV0UcZbAPDsAR8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj2lqyipld8AfW5w/6jpL6</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

⌦ = 0o
<latexit sha1_base64="3lCVfe/46P4Veq83uJeF1YrWDDI=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoBeh4MWbFWwtNLFstpt26W427G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeVHKmTae9+2U1tY3NrfK25Wd3b39A/fwqK1lpghtEcml6kRYU84S2jLMcNpJFcUi4vQxGt3M/McxVZrJ5MFMUhoKPEhYzAg2Vuq5bnAn6ABfe095oASS055b9WreHGiV+AWpQoFmz/0K+pJkgiaGcKx11/dSE+ZYGUY4nVaCTNMUkxEe0K6lCRZUh/n88ik6s0ofxVLZSgyaq78nciy0nojIdgpshnrZm4n/ed3MxFdhzpI0MzQhi0VxxpGRaBYD6jNFieETSzBRzN6KyBArTIwNq2JD8JdfXiXti5rv1fz7erVRL+Iowwmcwjn4cAkNuIUmtIDAGJ7hFd6c3Hlx3p2PRWvJKWaO4Q+czx/L55MP</latexit><latexit sha1_base64="3lCVfe/46P4Veq83uJeF1YrWDDI=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoBeh4MWbFWwtNLFstpt26W427G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeVHKmTae9+2U1tY3NrfK25Wd3b39A/fwqK1lpghtEcml6kRYU84S2jLMcNpJFcUi4vQxGt3M/McxVZrJ5MFMUhoKPEhYzAg2Vuq5bnAn6ABfe095oASS055b9WreHGiV+AWpQoFmz/0K+pJkgiaGcKx11/dSE+ZYGUY4nVaCTNMUkxEe0K6lCRZUh/n88ik6s0ofxVLZSgyaq78nciy0nojIdgpshnrZm4n/ed3MxFdhzpI0MzQhi0VxxpGRaBYD6jNFieETSzBRzN6KyBArTIwNq2JD8JdfXiXti5rv1fz7erVRL+Iowwmcwjn4cAkNuIUmtIDAGJ7hFd6c3Hlx3p2PRWvJKWaO4Q+czx/L55MP</latexit><latexit sha1_base64="3lCVfe/46P4Veq83uJeF1YrWDDI=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoBeh4MWbFWwtNLFstpt26W427G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeVHKmTae9+2U1tY3NrfK25Wd3b39A/fwqK1lpghtEcml6kRYU84S2jLMcNpJFcUi4vQxGt3M/McxVZrJ5MFMUhoKPEhYzAg2Vuq5bnAn6ABfe095oASS055b9WreHGiV+AWpQoFmz/0K+pJkgiaGcKx11/dSE+ZYGUY4nVaCTNMUkxEe0K6lCRZUh/n88ik6s0ofxVLZSgyaq78nciy0nojIdgpshnrZm4n/ed3MxFdhzpI0MzQhi0VxxpGRaBYD6jNFieETSzBRzN6KyBArTIwNq2JD8JdfXiXti5rv1fz7erVRL+Iowwmcwjn4cAkNuIUmtIDAGJ7hFd6c3Hlx3p2PRWvJKWaO4Q+czx/L55MP</latexit><latexit sha1_base64="3lCVfe/46P4Veq83uJeF1YrWDDI=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoBeh4MWbFWwtNLFstpt26W427G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeVHKmTae9+2U1tY3NrfK25Wd3b39A/fwqK1lpghtEcml6kRYU84S2jLMcNpJFcUi4vQxGt3M/McxVZrJ5MFMUhoKPEhYzAg2Vuq5bnAn6ABfe095oASS055b9WreHGiV+AWpQoFmz/0K+pJkgiaGcKx11/dSE+ZYGUY4nVaCTNMUkxEe0K6lCRZUh/n88ik6s0ofxVLZSgyaq78nciy0nojIdgpshnrZm4n/ed3MxFdhzpI0MzQhi0VxxpGRaBYD6jNFieETSzBRzN6KyBArTIwNq2JD8JdfXiXti5rv1fz7erVRL+Iowwmcwjn4cAkNuIUmtIDAGJ7hFd6c3Hlx3p2PRWvJKWaO4Q+czx/L55MP</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

⌦ = 90o
<latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit><latexit sha1_base64="uiK581MVUQGuf2n5Kio2iue6BfA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRSUBdCwY07K9gHNLFMppN26DzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTuFldW19Y3iZmlre2d3zy3vt7RMFSZNLJlUnQhpwqggTUMNI51EEcQjRtrR6Grqtx+I0lSKOzNOSMjRQNCYYmSs1HPLwQ0nA3R54d1ngeJQTnpuxat6M8Bl4uekAnI0eu5X0Jc45UQYzJDWXd9LTJghZShmZFIKUk0ShEdoQLqWCsSJDrPZ6RN4bJU+jKWyJQycqb8nMsS1HvPIdnJkhnrRm4r/ed3UxOdhRkWSGiLwfFGcMmgknOYA+1QRbNjYEoQVtbdCPEQKYWPTKtkQ/MWXl0nrtOp7Vf+2VqnX8jiK4BAcgRPggzNQB9egAZoAg0fwDF7Bm/PkvDjvzse8teDkMwfgD5zPH0v+k1I=</latexit>

q = 1
<latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit>

q = 1
<latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit><latexit sha1_base64="UddvBZ8YBgzk2Kuf0luCNNHtxcM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjRfsBbSib7aZdutnE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6f7x2uuXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr27y0q9lsdRhBM4hXPw4ArqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KS41t</latexit>

q = 0.5
<latexit sha1_base64="/78fCX64pa6sZbdQu+vOznH1peU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYi9CwYvHCqYttKFstpt26WYTdzdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKrg3G305pbX1jc6u8XdnZ3ds/qB4etXSSKcp8mohEdUKimeCS+YYbwTqpYiQOBWuH49uZ335iSvNEPphJyoKYDCWPOCXGSv7jDXav+tUadvEcaJV4BalBgWa/+tUbJDSLmTRUEK27Hk5NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTtGZVQYoSpQtadBc/T2Rk1jrSRzazpiYkV72ZuJ/XjczUT3IuUwzwyRdLIoygUyCZp+jAVeMGjGxhFDF7a2Ijogi1Nh8KjYEb/nlVdK6cD3seveXtUa9iKMMJ3AK5+DBNTTgDprgAwUOz/AKb450Xpx352PRWnKKmWP4A+fzB6qejeM=</latexit><latexit sha1_base64="/78fCX64pa6sZbdQu+vOznH1peU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYi9CwYvHCqYttKFstpt26WYTdzdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKrg3G305pbX1jc6u8XdnZ3ds/qB4etXSSKcp8mohEdUKimeCS+YYbwTqpYiQOBWuH49uZ335iSvNEPphJyoKYDCWPOCXGSv7jDXav+tUadvEcaJV4BalBgWa/+tUbJDSLmTRUEK27Hk5NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTtGZVQYoSpQtadBc/T2Rk1jrSRzazpiYkV72ZuJ/XjczUT3IuUwzwyRdLIoygUyCZp+jAVeMGjGxhFDF7a2Ijogi1Nh8KjYEb/nlVdK6cD3seveXtUa9iKMMJ3AK5+DBNTTgDprgAwUOz/AKb450Xpx352PRWnKKmWP4A+fzB6qejeM=</latexit><latexit sha1_base64="/78fCX64pa6sZbdQu+vOznH1peU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYi9CwYvHCqYttKFstpt26WYTdzdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKrg3G305pbX1jc6u8XdnZ3ds/qB4etXSSKcp8mohEdUKimeCS+YYbwTqpYiQOBWuH49uZ335iSvNEPphJyoKYDCWPOCXGSv7jDXav+tUadvEcaJV4BalBgWa/+tUbJDSLmTRUEK27Hk5NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTtGZVQYoSpQtadBc/T2Rk1jrSRzazpiYkV72ZuJ/XjczUT3IuUwzwyRdLIoygUyCZp+jAVeMGjGxhFDF7a2Ijogi1Nh8KjYEb/nlVdK6cD3seveXtUa9iKMMJ3AK5+DBNTTgDprgAwUOz/AKb450Xpx352PRWnKKmWP4A+fzB6qejeM=</latexit><latexit sha1_base64="/78fCX64pa6sZbdQu+vOznH1peU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIYi9CwYvHCqYttKFstpt26WYTdzdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKrg3G305pbX1jc6u8XdnZ3ds/qB4etXSSKcp8mohEdUKimeCS+YYbwTqpYiQOBWuH49uZ335iSvNEPphJyoKYDCWPOCXGSv7jDXav+tUadvEcaJV4BalBgWa/+tUbJDSLmTRUEK27Hk5NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTtGZVQYoSpQtadBc/T2Rk1jrSRzazpiYkV72ZuJ/XjczUT3IuUwzwyRdLIoygUyCZp+jAVeMGjGxhFDF7a2Ijogi1Nh8KjYEb/nlVdK6cD3seveXtUa9iKMMJ3AK5+DBNTTgDprgAwUOz/AKb450Xpx352PRWnKKmWP4A+fzB6qejeM=</latexit>

q = 0.2
<latexit sha1_base64="m4VTWhhcZBCJB9YMKUVnL7bb6v4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5AUwV6EghePFUxbaEPZbDft0s0m7m6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/Ualjc2t7Z3ybmVv/+DwqHp80tZJpijzaSIS1Q2JZoJL5htuBOumipE4FKwTTm7nfueJKc0T+WCmKQtiMpI84pQYK/mPN65TH1RrruMugNeJV5AaFGgNql/9YUKzmElDBdG657mpCXKiDKeCzSr9TLOU0AkZsZ6lksRMB/ni2Bm+sMoQR4myJQ1eqL8nchJrPY1D2xkTM9ar3lz8z+tlJmoEOZdpZpiky0VRJrBJ8PxzPOSKUSOmlhCquL0V0zFRhBqbT8WG4K2+vE7adcdzHe/+qtZsFHGU4QzO4RI8uIYm3EELfKDA4Rle4Q1J9ILe0ceytYSKmVP4A/T5A6YSjeA=</latexit><latexit sha1_base64="m4VTWhhcZBCJB9YMKUVnL7bb6v4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5AUwV6EghePFUxbaEPZbDft0s0m7m6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/Ualjc2t7Z3ybmVv/+DwqHp80tZJpijzaSIS1Q2JZoJL5htuBOumipE4FKwTTm7nfueJKc0T+WCmKQtiMpI84pQYK/mPN65TH1RrruMugNeJV5AaFGgNql/9YUKzmElDBdG657mpCXKiDKeCzSr9TLOU0AkZsZ6lksRMB/ni2Bm+sMoQR4myJQ1eqL8nchJrPY1D2xkTM9ar3lz8z+tlJmoEOZdpZpiky0VRJrBJ8PxzPOSKUSOmlhCquL0V0zFRhBqbT8WG4K2+vE7adcdzHe/+qtZsFHGU4QzO4RI8uIYm3EELfKDA4Rle4Q1J9ILe0ceytYSKmVP4A/T5A6YSjeA=</latexit><latexit sha1_base64="m4VTWhhcZBCJB9YMKUVnL7bb6v4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5AUwV6EghePFUxbaEPZbDft0s0m7m6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/Ualjc2t7Z3ybmVv/+DwqHp80tZJpijzaSIS1Q2JZoJL5htuBOumipE4FKwTTm7nfueJKc0T+WCmKQtiMpI84pQYK/mPN65TH1RrruMugNeJV5AaFGgNql/9YUKzmElDBdG657mpCXKiDKeCzSr9TLOU0AkZsZ6lksRMB/ni2Bm+sMoQR4myJQ1eqL8nchJrPY1D2xkTM9ar3lz8z+tlJmoEOZdpZpiky0VRJrBJ8PxzPOSKUSOmlhCquL0V0zFRhBqbT8WG4K2+vE7adcdzHe/+qtZsFHGU4QzO4RI8uIYm3EELfKDA4Rle4Q1J9ILe0ceytYSKmVP4A/T5A6YSjeA=</latexit><latexit sha1_base64="m4VTWhhcZBCJB9YMKUVnL7bb6v4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5AUwV6EghePFUxbaEPZbDft0s0m7m6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/Ualjc2t7Z3ybmVv/+DwqHp80tZJpijzaSIS1Q2JZoJL5htuBOumipE4FKwTTm7nfueJKc0T+WCmKQtiMpI84pQYK/mPN65TH1RrruMugNeJV5AaFGgNql/9YUKzmElDBdG657mpCXKiDKeCzSr9TLOU0AkZsZ6lksRMB/ni2Bm+sMoQR4myJQ1eqL8nchJrPY1D2xkTM9ar3lz8z+tlJmoEOZdpZpiky0VRJrBJ8PxzPOSKUSOmlhCquL0V0zFRhBqbT8WG4K2+vE7adcdzHe/+qtZsFHGU4QzO4RI8uIYm3EELfKDA4Rle4Q1J9ILe0ceytYSKmVP4A/T5A6YSjeA=</latexit>

⌦ = 90o
<latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit>

⌦ = 90o
<latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit><latexit sha1_base64="+1C+zWk/bLjuVnz5xEanHRZdi5Y=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZgRUXNQAl68GcEskIyhp9OTNOll6O5RwphP8eJBEa9+iTf/xs4iuD4oeLxXRVW9KGFUG99/d3Jz8wuLS/nlwsrq2vqGW9ysa5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKLB2dhv3BClqRRXZpiQkKOeoDHFyFip4xbbF5z00EnZv87aikM56rgl3yv7QfkwgL9J4PkTlMAM1Y771u5KnHIiDGZI61bgJybMkDIUMzIqtFNNEoQHqEdalgrEiQ6zyekjuGuVLoylsiUMnKhfJzLEtR7yyHZyZPr6pzcW//JaqYmPw4yKJDVE4OmiOGXQSDjOAXapItiwoSUIK2pvhbiPFMLGplWwIXx+Cv8n9X0v8L3g8qBUOZ3FkQfbYAfsgQAcgQo4B1VQAxjcgnvwCJ6cO+fBeXZepq05ZzazBb7Bef0Av/iTqg==</latexit>



Exploring polar alignment with hydro simulations

- We should expect a large population of polar planets
- Polar planets are hard to detect (geometry & time)

- The habitability of these planets is rather different…

aligned

polar

counter-aligned
For the “right” initial conditions, 

polar alignment ! 

Symmetry breaking between 
prograde and retrograde orbits 

—> disk breaking ! 

NB: we confirm the theory. 
But, unexpected results 

likely due to the size of the cavity 

Future: explore dust dynamics 
& polar planet formationPH
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More soon: Cuello & Giuppone (in prep.)


