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1st detection of GW from a BNS merger

 2PhysRevLett.119.161101

Image credit: Karan Jani/Georgia Tech.
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Bayesian Analysis on GW observation (1)
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Abbott et al. (LSC and Virgo),  arxiv:1805.11579 (PhysRevX.9.011001)

low spin prior : χ <= 0.05
m1=1.36~1.60 M
m2=1.16~1.36 M

high spin prior: :χ <= 0.89
m1=1.36~1.89 M
m2=1.00~1.36 M



Bayesian Analysis on GW observation (2)
1. f
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ApJL.848.L12(2017)DL ~ 40 Mpc

AT2017gfo in 
NGC4993



Bayesian Analysis on GW observation (3)
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Abbott et al. (LSC and Virgo),  arxiv:1805.11581 (PhysRevLett.121.161101)

P(2 ρnuc)= 3.5+2.7-1.7 x1034 dyne/cm2

P(6 ρnuc)= 9.0+7.9-2.6 x1035 dyne/cm2

ρnuc= 2.8 x1014 g/cm3

Λ(1.4Μ )=190+390-120



NS Tidal deformability
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perturbative approaches

Qij = ��Eij

� =
2

3

R5

G
k2

λ : Tidal deformability
k2 : Tidal Love number



KIDS Energy Density Functional
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at zero temperature

Phys. Rev. C 97, 014312 (2018)

ci(�) = ↵i + �i�
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1+i/3
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KIDS Energy density functional form

kF = (3⇡2⇢/2)1/3
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to be determined by fitting to the observables

kF⌧ = kF (1 + ⌧�)1/3
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Constraints on Nuclear EoS
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• Nuclear data: hundreds of models (Skyrme force, RMF, …)
• Neutron star maximum mass

1.97 ± 0.04 M⦿ [Nature 467, 1081 (2010)]

2.01 ± 0.04 M⦿ [Science 340, 448 (2013)]

• 11 experimental/empirical data for nuclear matter around saturation density [Phys.Rev. C 85, 035201 (2012)]



Mass-Radius relations
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GW170817 - M1

GW170817 - M2

J0348+0432

J1614-2230

MNS=1.4M⦿

~3.3~2.7

GW170817 - Abbott et al. (LSC and Virgo),  arxiv:1805.11579 
- Mchirp = 1.188 M⦿ 

- low spin prior :  M1=1.36~1.60 M  , M2=1.16~1.36 M  

- high spin prior : M1=1.36~1.89 M , M2=1.00~1.36 M

Kim et al., PhysRevC.98.065805 (2018)



Tidal deformability of a NS
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GW170817 - Abbott et al. (LSC and Virgo),  arxiv:1805.11579 
- Mchirp = 1.188 M⦿ 

- low spin prior :  Λ = 300+500-190 (symmetric) / 300+420-230 (HPD) 
- high spin prior :  Λ = 0 ~ 630

Kim et al., PhysRevC.98.065805 (2018)



Tidal Deformability of 1.4 Msun
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[A]  F.J. Fattoyev, J. Piekarewicz, and C.J. 
Horowitz, PRL.120.172702 (arXiv:
1711.06615v2)
[B] P.G. Krastev, and B.-A. Li, arXiv:
1801.04620v1
[C] E. Annala, T. Gorda, A. Kurkela, and A. 
Vuorinen, PRL.120.172703 (arXiv:
1711.02644v2)
[D] Y.Lim and J. Holt, PRL.121.062701 
(arXiv:1803.02803v2)

Red line: Λ(1.4M⦿) = 2.88 * 10-6 (R/km)7.5  (fitting function in [C])

Kim et al., PhysRevC.98.065805 (2018)



Tidal Deformability of 1.4 Msun
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[A]  F.J. Fattoyev, J. Piekarewicz, and C.J. 
Horowitz, PRL.120.172702 (arXiv:
1711.06615v2)
[B] P.G. Krastev, and B.-A. Li, arXiv:
1801.04620v1
[C] E. Annala, T. Gorda, A. Kurkela, and A. 
Vuorinen, PRL.120.172703 (arXiv:
1711.02644v2)
[D] Y.Lim and J. Holt, PRL.121.062701 
(arXiv:1803.02803v2)

Red line: Λ(1.4M⦿) = 2.88 * 10-6 (R/km)7.5  (fitting function in [C])

Kim et al., PhysRevC.98.065805 (2018) Abbott et al. (LSC and Virgo),  
arxiv:1805.11581 (PRL accepted)

EoS insensitive relations



Nuclear Properties
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H. Gil, et al. , PRC, 99,064319 (2019)
Y.-M. Kim et al., in preparation



Gandolfi and Steiner (2016)

Nuclear Symmetry Energy
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Gandolfi and Steiner (2016)

Nuclear Symmetry Energy
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[D] Y.Lim and J. Holt, PRL.121.062701 (arXiv:1803.02803v2)

isospin-asymmetry energy slope parameter L 
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Bayes’ theorem

Prior, p(θ) :  the distribution of the parameter(s) before any data is observed

Posterior, p(θ|d): the distribution of the parameter(s) after taking into account the observed data

Likelihood, p(d|θ) : the distribution of the observed data conditional on its parameters

p(✓|d) =p(d|✓)
p(d)

· p(✓)

=
p(d|✓)R

p(d|✓)p(✓)d✓
· p(✓)

<latexit sha1_base64="qguyfCjlOl+91xYboyKnFOHbFPg="></latexit><latexit sha1_base64="qguyfCjlOl+91xYboyKnFOHbFPg="></latexit><latexit sha1_base64="qguyfCjlOl+91xYboyKnFOHbFPg="></latexit><latexit sha1_base64="qguyfCjlOl+91xYboyKnFOHbFPg="></latexit>

p(✓|d) ⇠ p(d|✓)p(✓)
<latexit sha1_base64="O9mO9VnvrnbdaRNJu5VelZKq7kQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpNyURQZcFN11WsA9oQplMJu3QyYOZG6Gk/QM3/oobF4q4devOv3HaRtDWAxcO59zLvfd4ieAKLOvLKKytb2xuFbdLO7t7+wfm4VFbxamkrEVjEcuuRxQTPGIt4CBYN5GMhJ5gHW90M/M790wqHkd3ME6YG5JBxANOCWipb54nFQeGDMjEr2JH8RAnFX+ykKr4x6z2zbJVs+bAq8TOSRnlaPbNT8ePaRqyCKggSvVsKwE3IxI4FWxaclLFEkJHZMB6mkYkZMrN5v9M8ZlWfBzEUlcEeK7+nshIqNQ49HRnSGColr2Z+J/XSyG4djMeJSmwiC4WBanAEONZONjnklEQY00IlVzfiumQSEJBR1jSIdjLL6+S9kXNtmr27WW53sjjKKITdIoqyEZXqI4aqIlaiKIH9IRe0KvxaDwbb8b7orVg5DPH6A+Mj29FopuL</latexit><latexit sha1_base64="O9mO9VnvrnbdaRNJu5VelZKq7kQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpNyURQZcFN11WsA9oQplMJu3QyYOZG6Gk/QM3/oobF4q4devOv3HaRtDWAxcO59zLvfd4ieAKLOvLKKytb2xuFbdLO7t7+wfm4VFbxamkrEVjEcuuRxQTPGIt4CBYN5GMhJ5gHW90M/M790wqHkd3ME6YG5JBxANOCWipb54nFQeGDMjEr2JH8RAnFX+ykKr4x6z2zbJVs+bAq8TOSRnlaPbNT8ePaRqyCKggSvVsKwE3IxI4FWxaclLFEkJHZMB6mkYkZMrN5v9M8ZlWfBzEUlcEeK7+nshIqNQ49HRnSGColr2Z+J/XSyG4djMeJSmwiC4WBanAEONZONjnklEQY00IlVzfiumQSEJBR1jSIdjLL6+S9kXNtmr27WW53sjjKKITdIoqyEZXqI4aqIlaiKIH9IRe0KvxaDwbb8b7orVg5DPH6A+Mj29FopuL</latexit><latexit sha1_base64="O9mO9VnvrnbdaRNJu5VelZKq7kQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpNyURQZcFN11WsA9oQplMJu3QyYOZG6Gk/QM3/oobF4q4devOv3HaRtDWAxcO59zLvfd4ieAKLOvLKKytb2xuFbdLO7t7+wfm4VFbxamkrEVjEcuuRxQTPGIt4CBYN5GMhJ5gHW90M/M790wqHkd3ME6YG5JBxANOCWipb54nFQeGDMjEr2JH8RAnFX+ykKr4x6z2zbJVs+bAq8TOSRnlaPbNT8ePaRqyCKggSvVsKwE3IxI4FWxaclLFEkJHZMB6mkYkZMrN5v9M8ZlWfBzEUlcEeK7+nshIqNQ49HRnSGColr2Z+J/XSyG4djMeJSmwiC4WBanAEONZONjnklEQY00IlVzfiumQSEJBR1jSIdjLL6+S9kXNtmr27WW53sjjKKITdIoqyEZXqI4aqIlaiKIH9IRe0KvxaDwbb8b7orVg5DPH6A+Mj29FopuL</latexit><latexit sha1_base64="O9mO9VnvrnbdaRNJu5VelZKq7kQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpNyURQZcFN11WsA9oQplMJu3QyYOZG6Gk/QM3/oobF4q4devOv3HaRtDWAxcO59zLvfd4ieAKLOvLKKytb2xuFbdLO7t7+wfm4VFbxamkrEVjEcuuRxQTPGIt4CBYN5GMhJ5gHW90M/M790wqHkd3ME6YG5JBxANOCWipb54nFQeGDMjEr2JH8RAnFX+ykKr4x6z2zbJVs+bAq8TOSRnlaPbNT8ePaRqyCKggSvVsKwE3IxI4FWxaclLFEkJHZMB6mkYkZMrN5v9M8ZlWfBzEUlcEeK7+nshIqNQ49HRnSGColr2Z+J/XSyG4djMeJSmwiC4WBanAEONZONjnklEQY00IlVzfiumQSEJBR1jSIdjLL6+S9kXNtmr27WW53sjjKKITdIoqyEZXqI4aqIlaiKIH9IRe0KvxaDwbb8b7orVg5DPH6A+Mj29FopuL</latexit>

Model evidence, p(d):the distribution of the observed data marginalized over the parameter(s)

The likelihood could be the function of errors

Posterior
Prior choices can 
influence results

The evidence is unimportant 
for parameter estimation

(but not model selection !)

https://en.wikipedia.org/wiki/Marginal_distribution
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Do MCMC (Metropolis-Hasting algorithm)

L ⇠ exp(�⌃(di �mi)
2/2�2)

<latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit>

E(⇢, �) = E(⇢, �)

A
= T (⇢, �) + ⌃N�1

i=0 ci(�)⇢
1+i/3

<latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit>

PHYSICAL REVIEW C 82, 024313 (2010) 

+ <Rch2>

p(✓|d) = p(✓|d)
p(d)

· p(✓)
<latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit>
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Do MCMC (Metropolis-Hasting algorithm)

L ⇠ exp(�⌃(di �mi)
2/2�2)

<latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit>

E(⇢, �) = E(⇢, �)

A
= T (⇢, �) + ⌃N�1

i=0 ci(�)⇢
1+i/3

<latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit>

p(✓|d) = p(✓|d)
p(d)

· p(✓)
<latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit>

+  EM Obs.
(LMXB, etc.)
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Do MCMC (Metropolis-Hasting algorithm)

L ⇠ exp(�⌃(di �mi)
2/2�2)

<latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit>

E(⇢, �) = E(⇢, �)

A
= T (⇢, �) + ⌃N�1

i=0 ci(�)⇢
1+i/3

<latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit>

Kim, M. et al.  in preparation

197Au+197Au@ 100 AMeV, b=7fm

p(✓|d) = p(✓|d)
p(d)

· p(✓)
<latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit>
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Do MCMC (Metropolis-Hasting algorithm)

L ⇠ exp(�⌃(di �mi)
2/2�2)

<latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit>

E(⇢, �) = E(⇢, �)

A
= T (⇢, �) + ⌃N�1

i=0 ci(�)⇢
1+i/3

<latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit><latexit sha1_base64="xvJ75uNSqMJLhlJg0FIi6rugQVo=">AAACY3icbVFLSysxGM2MXh/1quNjJ0KwCBW1zqigm4IPBFcXRatCpw7fpJk2mHmQZIQa5k+6c+fG/2GmVtF6PwgczoPkOwkzzqRy3RfLHhv/MzE5NV2Z+Ts7N+8sLN7INBeENknKU3EXgqScJbSpmOL0LhMU4pDT2/DhtNRvH6mQLE2uVT+j7Ri6CYsYAWWowHnyY1A9AlyfFTVf9NItv0O5gg3cwH4kgOizH3Shj4vGV+Z6JLOJ/SvWjSHQrOEW9/rftldgErDap6F032tvk+3sFYFTdevuYPBv4A1BFQ3nInCe/U5K8pgminCQsuW5mWprEIoRTouKn0uaAXmALm0ZmEBMZVsPOirwumE6OEqFOYnCA/Z7QkMsZT8OjbPcTo5qJfk/rZWr6LCtWZLliibk46Io51iluCwcd5igRPG+AUAEM2/FpAe mWWW+pWJK8EZX/g1uduueW/cu96tHJ8M6ptAKWkM15KEDdITO0QVqIoJerQlr3nKsN3vGXrSXP6y2NcwsoR9jr74DzTi1Vg==</latexit>

PHYSICAL REVIEW C 82, 024313 (2010) 

+ <Rch2>

p(✓|d) = p(✓|d)
p(d)

· p(✓)
<latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit>



Bayesian Analysis for KIDS - details (1)

 20

L ⇠ exp(�⌃(di �mi)
2/2�2)

<latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit><latexit sha1_base64="AdGC7cLvOXA6NVvXEdnN7X+pkH8=">AAACEXicbVC7TgJBFJ3FF+Jr1dJmIjGBAtzdmGhJtLGwwCiPhIXN7DDghJnZzcyskRB+wcZfsbHQGFs7O//GAbZQ8CQ3OTnn3tx7TxgzqrTjfFuZpeWV1bXsem5jc2t7x97dq6sokZjUcMQi2QyRIowKUtNUM9KMJUE8ZKQRDi4mfuOeSEUjcauHMWlz1Be0RzHSRgrswhX0FeWQPMSFkn9D+xwVugEt8YAWO96xZ0wjdbxiYOedsjMFXCRuSvIgRTWwv/xuhBNOhMYMKdVynVi3R0hqihkZ5/xEkRjhAeqTlqECcaLao+lHY3hklC7sRdKU0HCq/p4YIa7UkIemkyN9p+a9ifif10p076w9oiJONBF4tqiXMKgjOIkHdqkkWLOhIQhLam6F+A5JhLUJMWdCcOdfXiR1r+w6Zff6JF85T+PIggNwCArABaegAi5BFdQABo/gGbyCN+vJerHerY9Za8ZKZ/bBH1ifPyhSm1E=</latexit>

PHYSICAL REVIEW C 82, 024313 (2010) 

+ <Rch2>

p(✓|d) = p(✓|d)
p(d)

· p(✓)
<latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit><latexit sha1_base64="q0vwkjW0UKOHaj4m6vl81YsAZ+s=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsyIqBuh4KbLCvYBnaFkMpk2NPMguSOUsX/ixl9x40IRcde/MW1HqK0HEk7OuZebe7xEcAWWNTHW1jc2t7YLO8Xdvf2DQ/PouKXiVFLWpLGIZccjigkesSZwEKyTSEZCT7C2N7yb+u1HJhWPowcYJcwNST/iAacEtNQzr5KyAwMG5Mmv4FvsBJLQbEEb64e+sUP9GPCvUemZJatqzYBXiZ2TEsrR6Jnfjh/TNGQRUEGU6tpWAm5GJHAq2LjopIolhA5Jn3U1jUjIlJvN9hvjc634OIilPhHgmbrYkZFQqVHo6cqQwEAte1PxP6+bQnDjZjxKUmARnQ8KUoEhxtOwsM8loyBGmhAquf4rpgOiIwIdaVGHYC+vvEpaF1Xbqtr3l6VaPY+jgE7RGSojG12jGqqjBmoiip7RK3pHH8aL8WZ8Gl/z0jUj7zlBf2BMfgBmaKH2</latexit>

Previous studies

H. Gil, et al. PRC, 100, 014312 (2019)



Bayesian Analysis for KIDS - details (2)
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H. Gil, et al. PRC, 100, 014312 (2019)

Skyrem-Hatree-Fock Calculation



My Hope is ….
1. A MCMC example : https://github.com/gw-odw/odw-2018/blob/

master/parameter_estimation/IntroToMCMC.ipynb 

 22

<data>

d = A · cos(f · t+ �)
<latexit sha1_base64="b0+etecP3uInCqX3xa4Vdlqwy2o=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJRNCNUHXjsoK9QBPKZDJph05mwsxEKKFrN76KGxeKuPUJ3Pk2TtostPrDwMd/zmHO+YOEUaUd58sqLSwuLa+UVytr6xubW/b2TluJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGF3n9c49kYoKfqfHCfFjNOA0ohhpY/Xt/RBewEvo4VBoiIWCtWjGGh5DLxnSo75dderOVPAvuAVUQaFm3/70QoHTmHCNGVKq5zqJ9jMkNcWMTCpeqkiC8AgNSM8gRzFRfjY9ZQIPjRPCSEjzeL6RcX9OZChWahwHpjNGeqjma7n5X62X6ujczyhPUk04nn0UpQxqAfNcYEglwZqNDSAsqdkV4iGSCGuTXsWE4M6f/BfaJ3XXqbu3p9XGVRFHGeyBA1ADLjgDDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsn6+AZL9Zgb</latexit><latexit sha1_base64="b0+etecP3uInCqX3xa4Vdlqwy2o=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJRNCNUHXjsoK9QBPKZDJph05mwsxEKKFrN76KGxeKuPUJ3Pk2TtostPrDwMd/zmHO+YOEUaUd58sqLSwuLa+UVytr6xubW/b2TluJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGF3n9c49kYoKfqfHCfFjNOA0ohhpY/Xt/RBewEvo4VBoiIWCtWjGGh5DLxnSo75dderOVPAvuAVUQaFm3/70QoHTmHCNGVKq5zqJ9jMkNcWMTCpeqkiC8AgNSM8gRzFRfjY9ZQIPjRPCSEjzeL6RcX9OZChWahwHpjNGeqjma7n5X62X6ujczyhPUk04nn0UpQxqAfNcYEglwZqNDSAsqdkV4iGSCGuTXsWE4M6f/BfaJ3XXqbu3p9XGVRFHGeyBA1ADLjgDDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsn6+AZL9Zgb</latexit><latexit sha1_base64="b0+etecP3uInCqX3xa4Vdlqwy2o=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJRNCNUHXjsoK9QBPKZDJph05mwsxEKKFrN76KGxeKuPUJ3Pk2TtostPrDwMd/zmHO+YOEUaUd58sqLSwuLa+UVytr6xubW/b2TluJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGF3n9c49kYoKfqfHCfFjNOA0ohhpY/Xt/RBewEvo4VBoiIWCtWjGGh5DLxnSo75dderOVPAvuAVUQaFm3/70QoHTmHCNGVKq5zqJ9jMkNcWMTCpeqkiC8AgNSM8gRzFRfjY9ZQIPjRPCSEjzeL6RcX9OZChWahwHpjNGeqjma7n5X62X6ujczyhPUk04nn0UpQxqAfNcYEglwZqNDSAsqdkV4iGSCGuTXsWE4M6f/BfaJ3XXqbu3p9XGVRFHGeyBA1ADLjgDDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsn6+AZL9Zgb</latexit><latexit sha1_base64="b0+etecP3uInCqX3xa4Vdlqwy2o=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkJJRNCNUHXjsoK9QBPKZDJph05mwsxEKKFrN76KGxeKuPUJ3Pk2TtostPrDwMd/zmHO+YOEUaUd58sqLSwuLa+UVytr6xubW/b2TluJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGF3n9c49kYoKfqfHCfFjNOA0ohhpY/Xt/RBewEvo4VBoiIWCtWjGGh5DLxnSo75dderOVPAvuAVUQaFm3/70QoHTmHCNGVKq5zqJ9jMkNcWMTCpeqkiC8AgNSM8gRzFRfjY9ZQIPjRPCSEjzeL6RcX9OZChWahwHpjNGeqjma7n5X62X6ujczyhPUk04nn0UpQxqAfNcYEglwZqNDSAsqdkV4iGSCGuTXsWE4M6f/BfaJ3XXqbu3p9XGVRFHGeyBA1ADLjgDDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsn6+AZL9Zgb</latexit>

<model>

https://github.com/gw-odw/odw-2018/blob/master/parameter_estimation/IntroToMCMC.ipynb
https://github.com/gw-odw/odw-2018/blob/master/parameter_estimation/IntroToMCMC.ipynb
https://github.com/gw-odw/odw-2018/blob/master/parameter_estimation/IntroToMCMC.ipynb


But, Reality is …. 
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Preli
minary

 Resu
lts



Variables : t0, t1, t2, t31, W0
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Preli
minary

 Resu
lts



Variables : t0, t31, y31, y33
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Preli
minary

 Resu
lts



Future Plan
1. Bayesian Analysis on GWDA as well as RAON/LAMPS exp. + DJBUU 

- To Do better !!

- MCMC code (C++ based) development
for various applications
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]



What I want to do with Bayesian …
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RAON/LAMPS

Big Data Science & 
Bayesian Analysis

Astrophysical 
Phenomena
: GW & EM

Nuclear Dense 
matter properties



Thank you for your attention.
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