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Abstract

Exo-planetary research is a fast growing science domain. More and more astronomical instruments are dedicated to exo-planet searches, collecting terabytes of data. In order to explore this huge amount of data sophisticated
algorithms are necessary. The Markov Chain Monte Carlo is a family of algorithms very well suited for the exploration of the high dimensional space of parameters describing keplerian orbits. The Data & Analysis Center for
Exoplanets (DACE) contains a database with thousands of radial velocities measurements and transit light curves amongst other observations. It also implements algorithms for treating, displaying, optimising and exploring this
data. One of the recently developed algorithms for fitting keplerian orbits is the MCMC algorithm with two variations: the simple Metropolis-Hastings MCMC and its Change of Basis (CoB) version. The simple MHMCMC is very
efficient for well constrained orbital parameters, the CoB works better for less constrained cases, such as when the orbits are not closed. The software was written in Java, whose object oriented structure allows for nice
integration of several solutions into the same scheme and separation of the algorithm from the model. In this way, the DACE MCMC can be applied to any astrophysical model within DACE. The DACE MCMC is directly linked to
the DACE database, so it can be launched on the data extracted from the DB on the DACE server or locally on the user computer. It can also be run on user private data. The software development is still ongoing and future
features will include the incorporation of different models as well as the running of several Markov Chains in parallel with their solutions combined.

DACE

) Ve t
LTT 8525 . Gov
s e s
Data Binning: Hourly
Epoch [rjd) 55500.00 w T T M B T T =
: ' ;
: ~ ]
80 |- ¢
STATS ~ B %4339 asIc:71933 60 b JT‘H;\ } ,\‘tn.‘ %
. ) | j r
: 1 e :
40 f f‘ {'& f ,21« ! o}"
s ’ |
NOISE ~ = : : h { ¢ & ! 4 :
E 20 ':‘ ! ‘l - W 4 3 -i
— : d ll ‘? ‘ 4 R
g o - 3 .
oFFsers - Cresc O B ¥ 3 | 3 7 ) ‘
20 B 1 g .
ol h ‘ { h :
40 » Il + !" ‘ 4 ‘\. L'
" - b ’ | f Y % . 1 4
DRIFT ~ F VI A N ‘-‘1- '
60 B \ e -
, “F o oy L
Ref Fit 80 b 1 e e — kel P A
(rrv/ N 00 +0.00
" 2000 3000 4000 5000 6000 7000
quad [m/s/yr<k. 0.00 +0.00 Date (BJD -2,450,000.0) [d]
b [m ) .00 B Smooth Model W Drift W CORO7 (DRS-3.4) M COR14 (DRS-3.8)
W COR98 (DRS-3.3) B HARPS (DRS-3.5)
rerreruans - () R (D )

(] "owo | v~ [

M [MEarth] ¢ 22632107

Zoom~ """+ "o | export fgure |
0.3

Ar [AU] & 02 As [mAU] & 0.01
v | LoglP) [d! 43( E 02 |-
v [ LoglK) [m $| 0.6661 B |

5 ! .
v e)cosiu ( B E [

- |
v e)sinfw ( g 0.1 A | ‘ | |
v | L0 (deg] 2 d bl \u | | . ,
| diM L
A ’f!.'-' TR N LI
10 100 1000
M[MEarth] & 1334711389 Period (d)
B Power

To explore an exo-planetary system parameters space with MCMC one needs the
initial parameters. These are provided by the model construction in DACE, where
the user has the access to all the system data and fitting algorithms.

MCMC results

The results are presented as graphs and tables. Here you can see some examples like the
evolution of the likelihood, the histogram of the period log, the correlation between the
eccentricity and the omega and a table describing results for one of the keplerians.
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MCMC parameters

Add keplerian

The fitted parameters are fed into the MCMC form, where user can adjust
them, decide which parameters will evolve and define the prior distributions.

Config Description
Statistics

The user can define the type of the MCMC to use: univariate or the Change of
Basis. She/He can also fix the number of iterations, the size of the rescaling
sample, how long the burning phase should take and the frequency of saving

the iterations data.

Then the user can decide if s/he prefers to launch the MCMC directly on the

cluster or locally on his own computer.

JSON form + data

The MCMC input parameters are passed to MCMC
application through the JSON form, together with the exo-

planetary system data in one zip package.

MCMC execution

Progression:

Execution logs
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11:38:40:

11:38:40: Starting MCMC loop for 100000 iterations

11:35:48: 10000: InLike: ~-684.4305 InPrior: ~0.4555 delta: 06941 scaleMean: 260 decision: true
11:38:51: 20000: InLike: ~690.8364 InPrior: ~0,0555 delta: 0.7473 scaleMean: 865 decision: true
11:38:54: 30000: InLike: <694.8183 InPrior: <0,0592 delta: 196635 scaleMean: 8.43 decision: false
11:38:57: 40000: InLike: <-690.1171 InPrior: -0.4670 delta: 51.0961 scaleMean: 891 decision: false
11:38:59: S0000: InLike: -690.5079 InPrior: -0.9416 delta: 7.1535 scaleMean: 827 decision: false
11:39:02: 60000: InLike: ~687.1128 InPrior: ~0.6587 delta: -0.1372 scaleMean: 8.10 decision: true
11:39:05: 70000: InLike: ~693.8354 InPrior;: ~0.1069 delta: 2.3378 scaleMean: 8.75 decislon: false
11:3907: 80000: InLike: ~-685.6346 InPrior: <0,7373 delta: 122.1656 scaleMean: 7.96 decision: false

11:39:10: 90000: InLike: <694.4521 InPrior: <0.5799 delta: 0.1702 scaleMean: 7.15 decision: true
11:39:12:

11:39:12: Computing statistics

11:39:12:

11:39:12: Display stats

11:39%:12: CURRENT DATE & TIME: 2016-10-12_11-39-12
11:39:12: Save data in FITS tables

11:39:13: Create histograms & evolution diagrams
11:39:20: Create correlation plots

11:39:49: Create scale plots

11:39:50: Create results tables

11:39:52:

11:39:52: Done!

11:39:52:

11:39:52: MCMC DURATION:

11:39:52: MOCMC loop duration: 32.287 sec
11:3%52: MCMC stat duration: 39.346 sec
11:39:52: MCMC total duration: 71633 sec
11:39:52:
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JAR

To execute the configured MCMC, user has only to
launch the MCMC application by executing a jar file.
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