HD 181433: a system with unusual characteristics

AMore than 50 multi-planet systems are known to harbour 2-6 planets
[1]. An increasing sample of planets improves our knowledge of their
distribution in the mass-period diagram and allows comparison with
theoretical predictions and planet formation theories.

AThe Radial Velocity (RV) method is the most efficient technique for
detecting extrasolar planets with more than 90% of all currently known
planets being either detected or characterized using this method.
AMaking the assumption a system is coplanar and seen edge-on, an N-
planet configuration is still described by 5N+1 parameters. The narrow
observational windows, stellar jitter and weakly constrained orbital
parameters, can lead to not unique solutions and (quite often) to best-
fits representing unrealistic scenarios.

AHD 181433 is a K31V star of M. = 0-78:“\/'@ 87 light-years away. Its
planetary system has been discovered with HARPS, the most powerful
ground-based spectrograph, considering 107 RV measurements which
covered more than 4 years [2].

Alt has been reported to contain 3 planets: two Jupiter-class planets
and a Super-Earth of 7.5 m¢ in unusually high eccentric orbits.
Therefore, it is an excellent target to test dynamical mechanics that can
trigger these peculiar characteristics. Unfortunately, the published Keplerian
configuration is unstable leading to disruption in a short timescale.
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Alarge values for e, are preferred by the fitting. Therefore, once we
have a stable solution for a pair (P,-e;) we investigate if it possible to
get a different palr which generates a stable configuration having the
same or lower Cred This is an empirical Bayesian approach of inferring
the stable best-fit.

AFor the long-term evolution tests, we integrate the configurations for
at least 1 Myrs using the Wisdom-Holman Mapping integrator available
in the SWIFT package [4]. The results are outlined in Fig. 2. Our stable
best-fit configuration survives for at least 250 Myrs (see Fig.3). It lies on
the border of a chaotic and unstable zone.

AThe parameters of planet b and c¢ are confirmed to be well
constrained. For planet d, all the elements are found within the 3 o.
However, the uncertainty on a, reduces dramatically to the narrow
band where the 5:2 MMR is possible. This support how a dynamical
study can be fundamental in producing a self-consistent model.
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Figure 3 — Top: Evolution of semi-major axes and eccentricities for the
stable best-fit model. Black line: planet b, red line: planet c; blue line:
planet d. Bottom: Evolution of critical angles for the SAR and the MMR.

Resonant Configurations + Some Predictions

AAlso the near MMR configurations 12c:5d, 7c:3d, 3c:1d and 7c:2d
preserve stability for at least 40 Myrs.

AFig. 4 (left) illustrates a model locked in the MMR 7:2. The critical
argument?7/,- 2 [ -5 (librates about 180° with a semiamplitude of
around 120° . This mechanism can pump e_ from 0.08 to 0.37 in less
than 5000 years.

AThe synthetic RV curves for the Keplerian best-fit and stable best fit
are illustrated in Fig. 4 (Right). It is difficult to distinguish the curves
from each other in the time range covered by the observations, the
signals will diverge evidently only in February 2013.

Aln general, when an unstable high eccentric solution is found for a
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Figure 2 — The best fits. Inverted triangle: statistical best-fit; circle: stable best-fit;
triangles: unstable configurations; squares: models stable for at least 1 Myrs. Left:
in terms of Crzed and Pd. Right: in terms of the ecc. and semi-major axis of d; the colli
sion line is depicted, the nominal positions of the most relevant MMR are also la-
belled and marked by dashed lines; the size of each symbol is proportional to its Creq

multiplanet system, the study of resonances may lead to the finding of
a reasonable stable solution. By doing so, it is possible to constrain
with high confidence the orbital period of the outermost (poorly
sampled) planet well before sufficient data, covering several orbital
periods, become available.

Characteristic of the stable best-fit

AWe calculate the habitable zone (HZ) orbital distance a, .,, defined as
the distance where a planet would receive the same insolation as the
Earth: @, =./L. / L, AU. We finda,,, =0.55AU which is well in
between the stable region located at around 0.42 - 0.62 AU [5].

AWith a super-Earth in the HZ the fit improves. However, the signal
would be at the noise level with an F-test of the order of 30% which
means at present we cannot accept this hypothesis.

AAdditional observations are required to investigate on the presence
of a super-Earth or less massive planet in the HZ of HD 181433.

AThis model (Fig. 3) is in not observed to be in Secular Apsidal ‘
Resonance (Fig.3 bottom-left) . N Lol s 2% SRR &, 5 ol | 2453000 2454000 2455000 2456000 2457000 2458000
AWe find the configuration to be in the proximity of the 5c:2d mean v Julian Days

motion resonance (MMR). The critical angle 5/, - 2 [ -3 | librates
around 180° with a semiamplitude of about 110° (Fig.3 bottom-
right). This indicates the model is locked in the MIMR.

Poster top-left: The 3 planets in the HD 181433 system, with dots is indicated

the snow line. Figure 1 — Left: Lomb-Scargle periodogram of the RV data

showing the strongest peak due to planet c. Right: Our stable best fit solution
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Retrieving the stable best-fit solution
AWe perform an independent analysis of the RV data for HD 181433,
our N-body Newtonian model takes into account planetary interactions
and we consider long-term dynamical stability as an additional
constraint that must be satisfied [3].

AOur Keplerian best fit solution is compatible with the one in [2].

AThe problem of exploring a 16-parameter phase space with stability
as additional requirement, gets a simplification by arguing the
elements of the inner planets are well constrained by observations.
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Figure 4 — Left: Evolution of some orbital elements for the configuration nMMR
7:2. Right: Synthetic RV curves for HD 181433, the straight vertical line corres-
ponds to the calendar date 2011 July 17; black: Keplerian, red: stable best fit.
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