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The Flow of Discoveries



Zhu & Dong (2021)



Kepler Results



Hot Jupiters
• Occurrence Rates from Radial-Velocity and 

Transit Surveys are different

• About  0.6 %  (Kepler results)

• About  0.7 %  (Jiang et al. 2010)

• About 0.9 to 1.2 % (Mayor et al. 2011)

• Different stellar age ?

• Different stellar metallicity ?

• Typical exoplanet-host stars have [Fe/H] > 0.15 



Hot Neptune Desert
• Under-populated for                                              

P< 4 day,  Rp between 2 and 8 Earth Radius

• Due to formation or migration ?

• Different mass-radius relation for smaller 
planet and giant planet ? 

• Photo-evaporation ? (Owen & Lai 2018)



Radius Valley



Radius Valley
• An important discovery

• Valley position: 1.9 Earth Radius (for P=10d)

• (1)Photo-evaporation

• Depending on distribution of core mass

• Core composition

• Atmosphere mass fraction

• (2)Core-powered mass-loss mechanism



Peas in a Pod
• Planets in the same Kepler multi-planet 

systems have “similar” sizes                            
(Lissauer et al. 2011)

• “similar” sizes and regular spacing            
(Weiss et al. 2018) 

• Period-Ratio-Mass-Ratio Correlation (Jiang 
+2015, Yeh+2020, Gajendran+2021) 



Period-Ratio vs Mass-Ratio of Adjacent 
and Non-Adjacent Pairs



Transit Timing Variation (TTV)



TrES3 Light Curves (Jiang+2013)



Witnessing Orbital Evolution



WASP-43b   (Chernov et al. 2017)



WASP-12b (Patra et al. 2017)



HAT-P-37b (A-thano+2022)



Transmission Spectroscopy



HAT-P-37b (A-thano+2022)



WASP-96b by JWST



Exoplanet Atmosphere

• Na, H2O, CO, CO2, CH4 were detected

• Planet metallicity

• Jupiter is enriched in C by a factor 4 to Sun

• Enrichment depends on the planet formation 

• Core accretion or direct collapse 

• Enrichment depends  on planet migration

• Mordasini+(2018),  Cridland+(2019)  



Planet Population Synthesis

• Set a host star with assumed metallicity

• With assumed C/O, set a disk with chemistry

• A set of initial position/mass of proto-planets

• Experience different migration & accretion

• Settle to be currently observed planets

• Determine the planet atmosphere chemical 
abundance   



C/O Main Sequence



Real Time Planet Formation



Witnessing Active Minor Bodies



Absorption by Exocomet Ca+ Clouds



Exocomet (Zieba+2019)



Exomoon系外月球



Light Curve



Summary

• Discoveries of exoplanets motivate and excite the 
field of planet formation

• Characterizing detected exoplanets and 
architecture of multi-planet systems gives  
imprint of planet formation

• Exoplanet atmosphere gives implication of planet 
formation and migration 

• Theoretical  Work/Simulations on different stages 
of all the above are important

• More observational results could lead us to the 
right directions  



Future

• Future facility will reveal more results on 
Exoplanet Physics

• Giving more implication for Planet Formation

• High resolution theoretical simulations for 
detail processes of  different stages are 
important

• Stability Analysis of different configurations of 
multi-planet systems


