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BACKGROUND
The architecture of our solar system was proposed to follow the Titius-Bode (hereafter TB) relation,

which describes the semi-major axes of solar system planets in a logarithmic form as a function of their
sequences in the system.

Bovaird & Lineweaver (2013) (hereafter BL13) tested the applicability of TB relation on all of the
known extrasolar high multiplicity planetary systems ( Nplanets ≥ 4).

log Pn = P0 + n ∗ log α, n = 0, 1, 2, ...N − 1.

1. They found that 94% of the complete systems favor the general TB relation.
2. They predicted 114 additional planets in the 60 Kepler high multiplicity planetary systems.

METHOD
We search for planets in the high multiplicity

Kepler planetary systems based on our previous
experience on Kepler data (Huang et al. (2013)).
We use a method that includes:

1. Initial de-trending of the data;
2. The reconstructive Trend Filtering Algo-

rithm (TFA);
3. The Box Least Squares method;
4. Removal of the detected signal from the raw

light curve and then repeat step 1,2,3 and 4.
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CONCLUSIONS
• We did not find the majority of the predicted

planets in BL13.

• We have higher detection rates in the sparse
systems that required insertion.

• We found out the small number of detec-
tions are hard to be explained by observa-
tional bias.

• We suggest a possible over-prediction of the
occurence rate of planet pairs near the 3:2
NMMR by BL13.

SAMPLE

• ‘S" stands for dynamically sparse systems.

• “C" stands for dynamically complete sys-
tems.

• “E" stands for extrapolated - for systems
originally have a better fit to the TB rela-
tion than the solar system, only one “extrap-
olated" prediction is made in each of them.

• “I" stands for insertion - insertions of planets
are made so that the systems can fit a tighter
TB relation.

DETECTION SUMMARY

Catagory Num. Predictions (star/planet) Num. Expectations Num. Detections (star/planet)
SI 10 (39) 5+7

−4 4 (4)
CI 8 (20) 2+3

−1 0 (0)
CE 17 (17) 1+3

−1 1 (1)
SE 21 (21) 1+2

−1 0 (0)

RESULT
We detected five planetary candidates around

97 predicted periods in 56 systems.
We also found an additional transit signal and

two single transits which were not predicted in
these systems.

Folded light curve of KOI-2859
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Detected period: P = 5.43 days.
Predicted period Ppredict = 5.2± 0.3 days.

BIAS ANALYSIS

Inclination bias (σi = 1.8+0.5
−0.8

◦, Fabrycky et al.
(2012)): Expected detections

E(N) =
n∑

i=1

(1− exp [−1.062

2σ2
i

(
Pi

50day
)−4/3]).

Radius bias :
We compute the lower (upper) limit of the expected detec-

tions using the solid (dashed) line as shown in the figure:

ADJACENT PAIR RATIOS

• Systems that do not need insertion have
strong NMMR peaks.

• Systems needing insertion (after insertion)
have excess in 3:2 NMMR but are lack of 2:1
NMMR.

• Systems needed insertion (before insertion)
have less pronounced NMMR peaks.


