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Data visualization

Agatha

Disentangling periodic signals from correlated noise in a periodogram framework

About Agatha Choose File Scatter Plot Model Comparison 1D Periodogram 2D Periodogram
8 HARP
Upload Type RIS
© Select from the list Show 25 2 entries
Upload files
Time RV
Select data files from the list
GJB28 HARPS 53203.583611 -0.541968280276889
53484.842215 0.249457025006433
upload and show data
54172.850539 1.20484B2667425
& Download GJ628_HARPS
54293.6514 -1.06347177104956
54340,568878 2.11882911317546
54342.50174 -2.39657816499808

94343.504502

-2.47702278061283

eRV

0.714368313166326

0.631764433183061

0.63824040837434

0.666493887400285

0.608361021292454

0.601164910962457

0.677748339302066

Halpha
0.0860613186941248
0.0860613186941248
0.0860613186941248
0.0860613186941248
0.0860613186941248
0.0860613186941248

0.0860613186941248



Data visualization

Agatha

Disentangling periodic signals from correlated noise in a periodogram framework

About Agatha Choose File Scatter Plot Model Comparison 1D Periodogram 20 Periodogram
Data sets o |
e
GJ628_HARPS -
Choose x axis i l
GJ628_HARPS:Time - s 8 | Jl
L T
: E r
Choose y axis E I t I 1
GJ628_HARPS:RV - ] X I
o ] L + |
show scatter plot 1 J : [
: | T |
& Download scatter plat &
D) -

54000 55000 56000 57000
Time [JD-2400000]



Noise model comparison

Agatha

Disentangling periodic signals from correlated noise in a periodogram framework

abhoul Agatha Chonsda File Seatiar Plod Modal Comparison 10 Pariocdogram 20 Farodogram

BIC-astimated HEyes TECior

Daia sets
wihite BLAE)
G628 HARPS - noles MALT)
no proxy 0.0 173 14.9
bl g dielonto o = provies: 2 25 186 172
] (2] i
— proscies: 2,3 0.0 7 14.8
procdes: 2,3 8 -2.2 15.0 127
Type of proxy comparison _
© Cumulative Clplfrn.nl nDrE.ul.a miodal: MA1)
Crptirmal proxies: 2
Eroup
& Download the Bayes Factor lable
Manusl

if 'eumulative’ |5 selected, the nolse proxies would be arrangead in decreasing order of the Pearson
cormeiation cosfliciants batween proxies and RvVe. Then proxies would be compared cumuistively
from - the besic number up o the maximum number of proxies. If ‘goop” is selected, the proxies
wolld not be reamanged, and would be compared in groups, which are determined by tha basic
rumbar ol projes and group division numbars, For exampla, i ihe basc number i3 4 and division
numbars are 5,11, 18, models with prosies of (1-4), [1-6], [1=4, =11}, [1-4, 12-19] would b
compared. f ‘manuad’ ks selected, the weer showld manually inpuf the groups of proxes for
compérison. Male that ' means no prosy

Basic number of noise proxias

§] -

Maximum number of noise proxies

:3_ -



Periodogram framework

Agatha

Disentangling periodic signals from correlated noise in a periodogram framework

Aot Agatihe Chooas Fia Seatier Fint Mocel Comparinos 10 Peroangram A1) Periocagram
Data sets GLET; GM2A_HARPS:RV;1 signal BFP; G.Mi28_HARPS:RY;1 signal
Uy |
GUEZE_HARPS o v
E i :
I rore than one dada sels are sedeciad, only the MLP can be ﬁ -1 que
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penodogram, e dota sefs ame combised ofter subiracting e = |
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]
& o g _
GLET BFP MLF BGLS GLS LS - —_
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Mumbaf of MA components for GJE2E HARPS - [ y ;
1 = 10 100 1000 10 100 1000
Period [day] Period [day]
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[ ] ai.EHT = 183.5
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5 B a2 i o
= =3
R 81 |
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| i 59 -..E.. L «.E.. - l
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Moving periodogram

Agatha

Disentangling periodic signals from correlated noise in a periodogram framework

About Apatha Chooss File Scatiar Plot Miodsl Comparison 10 Periodogram 20 Periodogram
[ ] ¥
Data sots = . Z
GJE28 _HARPS | E .
i A =

if e than one datia sets ars salactsd, anly the MLUF-based 20 penodogram can be cplouinbed for
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Periodagram type g . -
MeLP §"
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Differential RVs

\ Full spectrum
N\/\\/L | b/\ N
1 T O T N O | 1 1 | 72Echelle orders
1.2 345 i ouw s o 18071 £2 /2 Echelle RVs
t+—re+—r . +—>
NAP1 nAP2 ........ . NAPN n aperture RVs
[ NAP2-1 . nAPn-(n-1)  n-1 differential HVs]

Only wavelength—depentnt noise, no Keplerian signals



Dm‘erentla\ RVs

Tau cetfi
8880 HARPS RVs

Noise model
without
differential
RVs

150

0

| 3AP1 1
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(Feng et al. 2017, AJ)



log P {6iM,D)

=580

=576

Goldilocks noise model

-o72-590 =585 =680 -575-610 -600
| | | i | | | | I

=580
L

GP noise+1 signal (P=20d, K=1m/s)
282 data points

White noise

Moving average (MA)

Gaussian Process (GP)

(Feng et al. 2016, MNRAS)



Goldilocks noise model

Drata set Injected signal MAL GP1 Wl
: 5 5 5 MA1 GP1 W1
P=20d. K=1ms™! B B B
P=20d, K=2ms"! B B A AS - 3 9 15
P=20d, K=4ms! A A A
P=40d, K=1ms™! B B C B -
Gl P=40d, K=2ms™ A B A 8 7 21 8
P=40d, K=4ms~! A A A
P=80d,K=1ms"! B B C CS O O 8
P=80d, K=2ms™ A B A
= R0d, K=4mg™! A A A
— B B C
P=20d, K=4ms™ B B B
P=20d,. K=6ms™! B B C :
r-wak=smst 4 a4 Solution: select MA(Q)
P=40d. K=4ms! A B C
(G445 P=40d. K=6ms™! A B A | -th BI: -150
P=40d, K=8ms™! A A A mode Wi > [
P=80d K=4ms™! B B C
P=80d.K=6ms! B B B
P=80d. K=8ms! B B A
& B B C
P=20d,K=1ms! B B B
P=20d,K=2ms! B B B
P=20d,.K=4ms! A A A
P=40d, K=1ms™! B B C
(31361 subiracted P=40d. K=2ms! A A A
P=40d, K=4ms~! A A A
P=80d K=1ms™! B B B
P=80d,K=2ms! B B A
P=80d. K=4ms™' A A A (Feng eJ[ al. 2016, MNRAS)



Goldilocks noise model

160 HARPS RVs of GJ628

Logarithmic B

q
flM!'i' = Ft' ’(Z g EH—P[_“i =Tk |J'IIT]{F!'—E‘.' - F!-—.F: )
k=1

[C-estimated Bayes factor

|

Optimal noise model: MA{UJ

Optimal proxies: no proxy

< Download the Bayes Factor table

(whita noise MA(1) MA(2)

fnn proxy 0.0 17.3 14.9

proxies: 2 2.0 19.6 17.2

proxies: 2,3 0.0 17.0 14.7

proxies: 2,3,8 2.2 14.8 12.7
e _/



Red noise periodogram

160 HARPS RVs of GJ628

R — . E—— Lomb-Scargle periodogram
ol (or LS)
Y s e
3
= H
g
i |

|'
_ ”K/\ (Lomb 1972, Scargle 1982)

1 10 100 1000

Period [day]



Power

Red noise periodogram

s S R D

boemdd . .I.l. .ll.ll.fl.l]

10 100

Period [day]

1000

Generalized LS (or GLS)

(Zechmeister et al. 2009, A&A)



log(ML/ML ,ay)

-100

-50

-150

Red noise periodogram

4.885

e e [ Jl.llJL.I

i0 100

Period [day]

1000

Bayesian GLS (BGLS)

(Mortier et al. 2015, A&A)



10g(ML/ML 1.a)
-100

-50

-150

-200

Red noise periodogram

00 Marginalized likelihood
| | periodogram (or MLP)
| A\ (Feng et al. 2017, MNRAS)
1 10 100 1000

Period [day]



In(BF)
10

15 20 25

Red noise periodogram

o o o Bayes factor periodogram

4.885

1 (or BFP)

(Feng et al. 2017, MNRAS)

10 100 1000
Period [day]



Consistency test

HD20794 > ..~ —
4882 HARPS RVs . ks | s aEs, .
6p¥ane!+MA(4)+8pmxiesE o i EI ; Claimedt 3 planEt
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Time [JD-2400000]

(Feng et al. 2017, A&A)
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How to use Agatha”

see demo
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What else do we need?”

MCMC guantification of Keplerian signals

Extend Agatha to include GP and AR models

Modified BIC by accounting for prior

BFP for multiple data sets

Box-shaped periodic function for photometric data

Combined periodograms for photometric and radial velocity data
Visualization of planetary orbits

Stability analysis based on N-body simulations



Take-nome message

Agatha is a framework of red-noise periodograms for
unevenly sampled time series.

Agatha aims at two-dimensional model comparison:
noise and signal.

Agatha can be used to test consistency of signals.

Agatha is flexible enough to account for various noise
models and periodic functions.

Agatha is more than an app!!



Agatha 1s available at
http://www.agatha.herts.ac.uk
or at

https /phillippro.shinyapps.io/
Agatha/

and corresponding code 1s linked at
https://gith hillippr h

To avoid tratfic, please download the
app to your computer for local usage!



