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First two detections by HST/FGS:  
Schlichting et al., 2012: q = 3.8 ± 0.2 

( N(> r) ∝  r1-q )

[Cumulative KBO size distribution as a function of TNO radius]

current limit of direct detection



Schlichting et al., Nature (2009) 462, 895
HST/FGS (40-Hz; 1.2 × 104 star hours) found an occultation  
by a body with an approximately 500-metre radius at a distance of 45 AU 

First TNO Occultation Event!



Our GOAL: 
Study the formation beyond Neptune through the size 
distribution information derived from the search of the 
possible occultation events using stellar occultations 
with RXTE+CoRoT+MIOSOTYS observations.

CoRoT 
+ 

MIOSOTYS

RXTE



• Launched on 2006 December 27,

• It was developed and is operated by 
the CNES

• It has a polar inertial circular orbit 
(90-degree inclination) at an altitude 
of 896 kilometers.

• The orbital period : 6184 seconds. 

COnvection, ROtation & 
planetary Transits

On 2 November 2012, CoRoT suffered a computer failure that 
makes it impossible to retrieve any data from its telescope. 
On 24 June 2013, it was announced that CoRoT has been 
retired and would be decommissioned; lowered in orbit to 
allow it to burn up in the atmosphere.

Equipped with a 27-cm diameter afocal telescope and a 4-CCD camera 
sensitive to tiny variations of the light intensity from stars.

The Fresnel Scale  
Fs=(λD/2)1/2

For λ = 550 nm (Visible)

D (AU) Fs (m)

43 1331.8



COROT AN1 Data Sets 
(PART I)

TABLE1: COROT ASTEROSEISMOLOGY N1 DATA EMPLOYED

SEGMENT RUN CODE DATE BEGIN DATE END
ACCUMULATED 

OBSERVING TIME 
(HOURS)

1 IRa01 1/31/07 11:06 AM 4/2/07 7:12 AM 12455.77
2 SRc01 4/11/07 3:07 PM 5/9/07 7:13 AM 5799.25
3 LRc01 5/11/07 1:10 PM 10/14/07 11:59 PM 33460.73
4 LRa01 10/18/07 8:57 AM 3/3/08 9:49 AM 28665.71
5 SRa01 3/5/08 10:34 PM 3/31/08 7:43 AM 5422.20
6 SRa02 10/8/08 10:44 PM 11/12/08 8:29 AM 7450.72
7 LRa02 11/13/08 10:49 PM 3/11/09 10:31 AM 25137.60

8 LRc03 4/1/09 8:49 PM 7/2/09 3:53 AM 9813.25

9 LRa03 10/1/09 8:57 PM 3/1/10 8:37 AM 16203.11

TOTAL STAR HOURS 144,408.34



Properties of Data Sets
• Asteroseismology Level-1 data

• Time resolution == 1 Hz

• 165 light-curves from 79 stars

• Vmag: 4.8 ~ 9.5

• S/N ~ 360 for a V=7.36 star (for a whole light-curve)

• Star sizes @ 43AU: 1.47 ~91.65 km

• Longest light-curve ~ 131.5 days

• Shortest light-curve ~ 411 seconds



Liu et al., MNRAS 446, 932–940 (2015)



RW180 Threshold = -6.2

SS(-6.2) here corresponds to 0.09 ’bin’ which would 
be found being outside of an equivalent Gaussian 
distribution between SS(-5.8) to SS(5.8).

Outliers

Deviation Method



From each 1-sec data bin,
we obtain the statistical values (μ, σ, SS),
we then estimate the parameters listed below:

- Phase angel
- Relative Velocity projected to 43AU
- Smallest detectable TNO size
- Sky scanned by this TNO in this 1-sec
with the Geometrical Approaches!

POE11@

POE11@



Liu et al., MNRAS 446, 932–940 (2015)



Liu et al., MNRAS 446, 932–940 (2015)



Diffraction Pattern Fittings 
were done by Dr. Lucie Marquet

Liu et al., MNRAS 446, 932–940 (2015)



First two detections by HST/FGS:  
Schlichting et al., 2012: q = 3.8 ± 0.2 

( N(> r) ∝  r1-q )

We have 13 possible detections!
Liu et al., 2015: q = 3.9 ± 0.3 ( N(> r) ∝  r1-q )

A slope of 4.5 ± 0.2 is computed taking 
into account the weighted 14 points  
(13 POEs and the HST point).

The discovery of 13 small TNOs helps to pin down 
the size distribution of TNOs at sub-km size range. 
This distribution is a witness to the early history 
of the solar system formation. 



CoRoT AN1 Data: Part II 
(N0-N1 Pipeline Version 3.0)

COROT AN1 DATA PART I PART II TOTAL

# 0F 1-SEC BINS 519869933 469411359 989281292
EXPOSURE 

(STAR HOURS) 144.4×103 130.4×103 274.8×103

# OF RUNCODES 9 16 25
# OF AN1 LCS 165 188 353
BACKGROUND 

STARS 79 77 143
# OF  

POES / OUTLIERS 13 / 20 TBD / 12 TBD / 32







instrumental effects



13 POEs found in CoRoT Part I.
Liu et al., 2015: q = 3.9 ± 0.3 ( N(> r) ∝  r1-q )

A slope of 4.5 ± 0.2 is computed taking into 
account the weighted 14 points  
(13 POEs and the HST point).

Predicted Results by using all 
CoRoT AN1 data sets



Thank you for your attention!



Estimation of 
Stellar Angular Radius

The Barnes-Evans Relation:
FK0  = 4.227 -0.1K0 - 0.5log(2 × θ)

From the fitting of 57 NPOI giants,  
Nordgren(2002) found:

FK0 = (3.942 ± 0.006) − (0.095 ± 0.007)(J0 − K0 ),

The ERROR of the  
CoRoT results is ~ 15%

Liu et al., MNRAS 446, 932–940 (2015)



RW20 Threshold = -9.3



False Events

de-focusing

cross-talk problem



First two detections by HST/FGS:  
Schlichting et al., 2012: q = 3.8 ± 0.2 

( N(> r) ∝  r1-q )

COROT 13 Possible Detections; ~144k star-hours data

We have 13 possible detections!
Liu et al., 2014: q = 3.9 ± 0.3 ( N(> r) ∝  r1-q )

Liu et al., MNRAS 446, 932–940 (2015)



First two detections by HST/FGS:  
Schlichting et al., 2012: q = 3.8 ± 0.2 

( N(> r) ∝  r1-q )

COROT 13 Possible Detections; ~144k star-hours data



q ∼ 2.5 (0.1km <= R <=  2km)
q ∼ 5.8 (2.0km <= R <= 10km)
q ∼ 2.0 ( 10km <= R <= 30km)

Schlichting, Fuentes & Trilling (2013)



• CAHA 2.2m, 1.23m; OHP1.93m 

• Time Resolution: 20 Hz 

• Selected Stars: 

• Vmag = 9~11 ; AngSize ≤ 2 FS 

• near Opposition 

• ~119 nights; (ExpTime ≥ 4.4×10
7
 sec)


