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Extinction of Dinosaurs Asteroid Impact



  

Biodiversity variation

Rosing et al., 2010, Nature



  

Claimed astronomical mechanisms 

Perturb Oort Cloud 
(possibly caused by the 
motion of the Sun)

Supernova & GRB

Cosmic Ray (Star formation, 
interstellar magnetic field)

Reviewed in Bailer-Jones (2009)



  

Any connection between astronomical 
enviroment with biosphere?

Study  the solar motionStudy  the solar motion

Build a  modelBuild a  model

Test the modelTest the model 
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Data

Raup & 
Sepkoski, 
Science, 1982

Rohde & Muller,  
Nature, 2005

Bambach, 
Annu. Rev. 
Earth Planet. 
Sci., 2006

Alroy et. al., 
Science, 2008
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Potential of the Galaxy
Plummer's (1911) model of bulge and halo:

Miyamoto & Nagai (1975) form of Kuzmin's (1956) Model of disk: 

Two arm logarithmic spiral:



  

Solar Orbit

Δ t i

a≡sd (Δ t )/Δ t



  

Sensitivity Test
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General Scenario

BF=P(D|M1)/P(D|M2)
Evidence2: Probability of getting

 the data given Model2

Evidence1: Probability of getting 
the data given Model1

Bayesian Factor



  

Orbit-based Model
Supernova Explosion Rate:

Extinction Rate:



  

Orbit-based Model



  

Orbit-based Model



  

Reference model

P(  |M)θ



  



  

 Likelihood Calculation

Bailer-Jones, 
MNRAS, 2011
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Evidence



  

Maximum Likelihood



  

Likelihood Distribution



  

Prior Test



  

Result

● No model is more favored by the data than the 
uniform model (Null hypothesis)

● The above conclusion is not much sensitive to 
the prior distribution

● The data is complex and cannot effectively 
discriminate simple models or all the models is 
not good enough to fit the data 
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Summary

● Question: 

Are there any influence of astronomical environment on the 
Earth's biosphere?

● How to answer:

♦ Build a orbit-based model based on the knowledge of our solar 
system and the Galaxy

♦ Test the model based on Bayesian method by the data

● Future Work:

♦ Study different mechanisms in detail, e.g. Oort Cloud

♦ Take the amplitude of extinction rate into account 

      



  



  

Extra



  

Pitch Angle



  

Model parameters



  

Initial Condition



  

Principle of Bayesian Method

Joint Probability:

Bayesian Theorem:

General Form:

Compare models:

Simplified Posterian 
Probability:



  Bailer-Jones, Leiden Observatory Colloquium, January 2012



  

Newtonian Equations



  

Calculation of Likelihood
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