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Extinction of Dinosaurs

Asteroid Impact




Biodiversity variation

Biodiversity during the Phanerozoic
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Claimed astronomical mechanisms

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

Cosmic Ray (Star formation,
interstellar magnetic field)

Supernova & GRB

Reviewed in Bailer-Jones (2009)



Any connection between astronomical
enviroment with biosphere?
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Potential of the Galaxy
Plummer's (1911) model of bulge and halo:
G Myp
\/ R? + 22 4+b7,
Miyamoto & Nagai (1975) form of Kuzmin's (1956) Model of disk:

by p=—

G My

by = —
\/E‘ﬂ + (ag ++/z2 + b3)

Two arm logarithmic spiral:

H(R) . EGQ{RfRﬂlin) 5 Hmt'n
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Solar Orbit
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Density

Sensitivity Test
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General Scenario

Biodiversity during the Phanerozoic
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Orbit-based Model

Supernova Explosion Rate:
v=dNs/dt = Ndps/dt
Extinction Rate:

il 20 J

n(i.z)
CLdPs/dt [ [ p—psrg—p—z RARAZ,
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Orbit-based Model
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Density/{ 10"9*Ms"kpc*=3)

Orbit-based Model
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Reference model

Name P,(t|60, M) Parameters
UniProb 1 None
PNB/PB 1/2{cos[27(t/T + &)|}+B T,0,B
QPM 1/2{sin[2nt(1/T + A sin(27t/T)) + 0] + 1} T.0,A0,10
RNB/RB SN N (i, 02)+B N.B
Sp 1 elt-to)/A]-1 Ao
SSP PM+SP T,p, A\t
OM/SOM po(t; e (t = 0),55(t = 0)) r(t =0), 04 (t = 0)

Reference model Prior distribution  5g1m)

UniProb None S

PNB/PB 10 < T <100, 0 < ¢ < 27, B € {0.0.0.5}

RNB/RB N=5,B € {0.0,0.5}

QPM 10 <7< 100,0 < ¢ <27, 0 < Ag < 0.5, 200 < T < 500

SP —100 < A < 100, 100 < tq < 500

SSP 10 < T < 100, 0 < & < 2w, —100 < A < 100, 100 < tg < 500
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Likelihood Calculation

P(s,|o, t)

|

P(t|0,M)

P(SZ‘ 025 tz)

P(s5/0s, t3)

ﬂ

—

Bailer-Jones,
MNRAS, 2011
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Evidence
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Log maximum relative likelihood

Log maximum relative likelihood

Maximum
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Log Evidence wrt STD

Prior Test
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Result

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

e 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 detall, e.g. Oort Cloud

¢+ Take the amplitude of extinction rate into account
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Pitch Angle

log spiral




Model parameters

Table 1: The parameters of the potential model adopted in our research
Bulge constants M = 1.3955 x 10'Y M

by, = 0.35 kpc

Disk constants My = 7.9080 x 109 M
o = 3.55 kpe
b —0.25 kpe

Halo constants  Mj = 6.9766 x 10! M,
bp, = 24.0 kpc

Table 2: Spiral arm parameters
Arm o R Qmin Foxtent

1 4.25 3.48 0.000 6.0
¥ 4.25 3.48 3.141 6.0
2 4.89 490 3.525 6.0
7. 4.89 490 5.666 6.0

L 4.57 8.10 5.847 0.9




Initial Condition

Table 3: The 6D initial conditions based on the analysis of Hipparcos data by
Dehnen & Binney (1998b)

R/kpc Vg/kpe Myr—! ¢/rad é/rad Myr—' z/kpc V,/kpc Myr—1

Mean 8.0 -0.01 0 0.0275 0.026 0.00717
Standard Deviation 0.5 0.00036 0 0.003 0.003 0.00038




Principle of Bayesian Method

Joint Probability:  P(M|D)P(D) = P(D|M)P(M)

P(D|M)P(M
Bayesian Theorem: P‘:ﬂﬂD) - ( |P(£7:}[: )
P(D|M;)P(M;)
General Form: P(M;|D) =
{ 5, P(DIM;)P(M;)
Compare models: P(My|D) = P(D|Mq)P{My)

P(D|M)P(M1)4+P(D|Mqy) P(Mgy)

—1
_ P(D|My)P(M;)
— [1 T PED|MD)P(MD}

1
Simplified Posterianp(ﬂfﬂmj _ [1 . P(D|ﬂi'1)]

Probability:

P(D|Mo)



Occam’s factor
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Bailer-Jones, Leiden Observatory Colloquium, January 2012



Newtonian Equations

. . Hd
R — R#* = ——
OR
. .. P
R%0 - 9RRO = — —
T 90
Hd

(S
|

9z



Calculation of Likelihood
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