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Background

Till 18 Dec. 2009.

Totally  415 planets detected.

385 planets (detected by Radial velocity)  

64               (detected by  Transiting )

10               (detected by  Gravitational Microlensing )

11               (detected by Imaging ) 

9               (detected by Timing,  around pulsars)



The first transiting exoplanet

was detected in 1999. 

Then, a large number of transit 

detection surveys were ran 

or prepared. 

Four types of survey:

1. Shollow, wide-angle surveys(TrEs,WASP);

2. Intermediate surveys in the Galactic plane;

3. Deep and narrow-angle surveys(HST,8m-class);

4. Surveys in clusters.



Â It is known well that the transit of exoplanet can 

provide information about its radii and orbital 

inclination which can be used to calculate the 

mass and density, furthermore, to infer the clue on 

its formation and evolution.

Â The monitoring for changes on orbital inclination, 

transit time and duration makes it possible to 

detect other low-mass exoplanets.



Ground-based transit detection surveys

1. SuperWASP (19 exoplanets)

SuperWASP consists of two 

robotic observatories:  the 

SuperWASP-North located on 

the island of La Palma, and the 

SuperWASP-South located at 

the site of the South African 

Astronomical Observatory. 



Each of observatories consist of an 

array of 8 cameras with a high-

quality CCD;

Each camera capture up to 100,000 

stars per image. Over 50 

gigabytes of data per night, per 

observatory.

Data are processed automatically by 

their custom built 'Pipeline'.

19 exoplanets have been detected.

Lens: Canon 200mm f/1.8 

Aperture11.1 cm

CCD: 2048 x 2048 thinned

Field of View:7.8 x 7.8 
degrees



2. HATNet (12 exoplanets)

HATNet is a network of six small (11cm diameter), 

wide-field (8x8deg), fully-automated "HAT " 

( Hungarian-made Automated Telescope) telescopes.

One of scientific goals of the project is to detect 

and characterize exoplanets.



There are two main stations:

14 exoplanets have been 

detected by HATnet. 

FLWO , Arizona 

Mauna Kea, Hawaii



3. The OGLE planetary transit survey (8 explanets)

The OGLE (the Optical Gravitational Lensing Experiment), is a long 

term project with the main goal of searching for the dark matter 

with microlensing phenomena.

The data were collected with the 1.3 m Warsaw Telescope at the Las 

Campanas observatory in Chile, using a 2048 ¦ 2048 CCD 

camera in drift scan mode

A search for transiting planet candidates were done in  the 

1997ī2000 OGLE-II survey.

The Difference Image Analysis is used to check  the photometric 

data.



The OGLE-III survey has realized an extensive photometric 

search for planetary and low- luminosity object transits.

In two seasons, about 200,000 stars were monitored. 

Altogether 177 candidates were detected and 

announced, 8 exoplanets were confirmed.



4. XO project (5 exoplanets)

The XO Project is a photometric 

search for Jovian planets 

transiting very bright stars, 

which have been operating 

since September 2003. 

Two XO cameras are installed on 

Maui. 
Lens: 200-mm f/1.8 

CCD: 1024x1024 pixel, 

thinned. 

C:/~pmcc/xo/gallery/med/30.jpg


5. TrES: (4 exoplanets)

The TrES (The Trans-atlantic Exoplanet Survey) 

is a network of three small-aperture telescopes  

searching the sky for transiting planets.

4 exoplants were detected by the TrES survey.



Â The network consists of Sleuth (Palomar 

Observatory, Southern California), the PSST (Lowell 

Observatory, Northern Arizona) and STARE

(Observatorio del Teide, Canary Islands, Spain). 

Aperture: 10cm

Lens: f/2.8

CCD: 2048x2048 

back-illuminated 

PSST

STARE

Sleuth

Lens:300 mm, f/2.8

CCD: 2048x2048 , 

back-illuminated

Field of view : 

5.6x5.6 degree

Aperture: 10.2cm

Lens:  296 mm f/2.9

CCD: 2048x2048 front-

illuminated

http://homepage.mac.com/francis.odonovan/solas/tres/sleuth.html
http://www.astro.caltech.edu/palomar/index.html
http://www.astro.caltech.edu/palomar/index.html
http://www.lowell.edu/Research/PSST.html
http://www.lowell.edu/
http://www.lowell.edu/
http://www.hao.ucar.edu/public/research/stare/stare.html
http://www.iac.es/ot/indice.html


6. Lupus transit survey

The Lupus Transit Survey: a deep, wide-field 

transit survey targeting ñHot Jupiteròplanets in 

the Lupus region of the Galactic plane.

1-m telescope (+ the Wide Field Imager ) at Siding 

Spring Observatory (SSO) in New South Wales, 

Australia.

3 exoplanets were detected (Lupus-TR-1, TR-2, 

and TR-3) from the 2005 data.



Space transit detection surveys

Â CoRoT (Convection, Rotation and Transits )

The aim of the CoRoT are to study the seismology of stars 

and to search for exoplanets with short orbital periods, 

particularly those of large terrestrial size.

7 exoplanets have been detected.

At present, COROT-7b is the smallest exoplanet with a 

diameter of 1.7 Earth's diameter.



Â SWEEPS (the Sagittarius Window Eclipsing 

Extrasolar Planet Search )

In this  survey, the Hubble Space Telescope and a 

Advanced Camera is used to monitor  180,000 

stars in the crowded central bulge of our galaxy 

for seven days to detect exoplanets.

16 candidates were detected, and 11 of them have 

been confirmed.



Â Kepler

The Kepler Mission is  designed to 

survey our region of the Milky 

Way galaxy to discover hundreds 

of Earth-size and smaller planets 

in or near the habitable zone.

The expected results are rich 
enough that the different results 

enhance the understanding of 

extrasolar planetary systems  

Terrestrial inner-orbit planets ; 

Giant inner planets;

Giant planets.



Observation of transit events in YO

Â Instruments

Ç 1.0m telescope+2Kx2K CCD at Yunnan 

Observatory

Ç R filter



Ç 85cm telescope+1Kx1K CCD at Xinglong station 
of NAOC.

Ç R filter



Â Targets:

Ç SuperWASP project: WASP-1b, WASP-2b, 

WASP-11bé

Ç XO project: XO-2b, XO-3bé

Ç HATNet project: HAT-P-1b, HAT-P-9bé

Ç CoRoT project: CoRoT-Exo-1b,é



Data reduction 

Â Photometric data

Ç Aperture photometry (uncrowded 

field)

Â IRAF package

Ç Image subtraction (crowded field)

Â ISIS package (Alard & Lupton 1998, 

Alard 2000)



Depth (trapezoid) : 3.35 ¦ 10ī4Mag.

Rpl / REarth :1.68
HD 209458        V=7.6 mag

First Transiting Planeṫ1999

By STARE  10 cm telescope



Remove systematic errors from photometric data

1. Coarse decorrelation (Collier Cameron et al. 

2006)

Before the Tamuz et al.ôs method, the coarse 

de-correlation algorithm is used, by which 

small night-to-night and frame-to-frame 

differences in the zero-point are removed 

from the measured magnitude.
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SysRem algorithm (Tamuz et al. 2005)

The Tamuz et al.ôs method is used to simulate the 

linear effect contained in the original residual 

magnitudes rij under the condition of minimizing 
the quantity S2
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XO-2b



Light curve fitting
Measured parameters (ȹF, tF, tT, P)

Estimated parameters ( M*, R*, a, i, Rp̆Mp)

The transit depth, ȹF

The transit shape

The total transit duration
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Markov Chain Monte Carlo (Collier Cameron et al. 2007)

The bayesian analysis was used to derive a posterior probability function 

which constrains the estimated parameters.

D is model parameters̔{T0,P,ȹF, tT, b, M }z
If choose               , a  uniform prior distribution, then we have:

The minimum of chi-square value corresponds the maximum likelihood 
estimators for estimated parameters.

The limb-darking effect of starôs should be considered.

The limb-darking coefficients (such as  provided by  Claret (2000)) are used.

ññ
==

dxxPxDP

xDPxp

dxxpxDp

xDp
DxP

)(),(

)|()(

)(),(

),(
)|(

)
2

exp()|(
2c

-´DxP

1)( ºxP

ä
D--

¹D
j j

jj

T

mm
MbtFPT

s

m
c

)(
),,,,,( *0

2



WASṖ 1b̔



Â Transit epoch        = 2454051.1087 +0.0013
-0.0006

Â Transit depth         = 0.0094          +0.0006
-0.0002 mag

Â Transit width        = 0.1436          +0.0020
-0.0021 days

Â Impact parameter b= 0.012      +0.452 
-0.095 R*

Â Orbital separation a= 0.0396   +0.0003  
-0.0003 AU

Â Orbital inclination i= 89.87     +0.98   
-5.25 degrees

Â Stellar radius R*        = 1.52       +0.19  
-0.006 Rsun

Â Planet radius Rp     =1.44       +0.2
-0.002 Rjupiter 

Â Stellar mass M*         =1.30       +0.0 3  
-0.03 Msun

Â Planet mass Mp     =0.879     +0.014  
-0.013 MJupiter

Â Orbital period p    = 2.51996 days

ÂThe optimal parameters of WASP-1b.



Result 1: WASP-11b



Â Transit epoch=2454793.18411+0.00018
-0.00018

Transit depth=0.0217+0.0002
-0.0003mag

Transit width=0.09579+0.00072
-0.00342days

Stellar mass=0.77+0.01
-0.007M_sun

Stellar radius=0.81+0.01
-0.006R_sun

Orbital inclination=89.976+ -0.241
-0.749 deg

Planet radius=1.02+0.01
-0.009R_jup



Result 2: XO-2b



Â Transit epoch=2454804.32478+0.00021
-0.00027

Transit depth=0.0132+0.0006 
- -0.0001 mag

Transit width=0.09853+ -0.00266
-0.01995 days

Stellar mass=0.968+0.014
-0.008 M_sun

Stellar radius=0.975+0.011
-0.006R_sun

Orbital inclination=88.982+ -0.443
-1.616 deg

Planet radius=0.955+0.028
- -0.002 R_jup



Future plan
Â New instruments

Ç Lijiang 2.4m telescope

Â CCD camera: 2Kx2K chip, FOV 4ôx4ô

Â YFOSC CCD camera: 4Kx4K chip, FOV 9ôX9ô

Â Mosaic CCD camera: 6Kx6K, 4chips, FOV 9ôx9ô

Â LiJET: LiJiang Exoplanet Tracker 



Â Research projects

Ç Defocus observation for transit events

Â Improve the accuracy of transit light curves

Ç Open cluster transit survey

Â Discover new transit exoplanet candidates

Â LiJET follow-up confirmation for the brighter ones of 

them



Thanks !


