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Community Data Challenge:

To broaden and deepen our knowledge as exoplanet community

To get the community acquainted with the Coronagraph Instrument
data’s new contrast regime and astropnysics that will be enablea:

giant planets in reflected light

To develop, use and improve data simulation and analysis tools

To toster collaborations and train future exoplanet scientists!
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DC & Coronagraph Science Cases

: : Circumstellar disks: s ~~ "~ BIlind search tor exoplanets
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Marshall Perrin et a. 2015 Credit: JPL ROMAN PrOJect Science Team 6
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\@ Roman Exoplanet Imaging DC: Coronagraph Modes

A

Band 1
Imaging &
Polarimetry

Band 4

Imaging &
Polarimetry

Band 3
R~50 Spectroscopy

CH,

Band 2
R~50 Spectroscopy

Ha

“Engineering” filters

800 850

700 750
Wavelength [nm]

550

600

650

Credit: JPL /2020

Narrow field of view mode

Full 360 deg

Inner working angle (IWA): 3 lambda/D (0.157)
Outer working angle (OWA): 9 lambda/D (0.457)

Band 1: 575 nm, 10.1% bandwidth

Wide field of view mode

Full 360 deg

IWA: 6.5 lambda/D (0.43")
OWA: 20 lambda/D (1.457)

Band 4: 825 nm, 9.9% bandwidth

Spectroscopy mode
Prism+ slit
Band 3: 730 nm, 16.7% bandwidth

+ Starshade 360° large FoV @425-552nm

(assuming a rendezvous)
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\@ ROMAN DC: focus on Astrometry .J

——

//

- 6 imaging epochs of the same target throughout mission: 47 UMa

- 3 planet with matching and realistic radial velocity data
- Extract sources, compute relative photometry & astrometry,
disentangle from background sources, exozodiacal light

- Compute orbital solution using all the information available

-

. Variability:
N - Phase curve!

AT = 4,00 yr

2° o9
’<\<50
N
S

Junellie Gonzalez

Orbitize/OFT]
(Blunt 2017)




RV (m/s)

10 20

O
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Reference Star
(n UMa: B3V, V=1.9)

2h

Target Star
(47 UMa: G1V, V=5.0)
2 h 2 h 2h 2h
ko= Kk = ok - K

Roll 1 Roll 2 Roll 1 Roll 2

Repeat 13 fimes

“Truth” (hackathon n°2)
4 planets, 2 detectable with RV
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phase

Talk by Stephen Kane & Zhexing Li on RV precursor work

radial velocity (m/s)

Logq(contrast)

Oh

Red=nUMa Blue =47 UMa 132 h

Precursor RV Data provided (hackathon n°2)

phase

2006 - 2020 ~1 m/s accuracy (e.g. Keck)
2020 - 2024* ~0.3 m/s accuracy (e.g. NEID)

* assuming cross-instrument calibrations are ok
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DC:

gOv, 13.8 pc

Sergi Hildebrandt (JPL)

425- 552 nm, 12.0 hours of observation (144 frames, ON= 21 e)
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www.Sister.caltech.edu
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\\\@ Roman Exoplanet Imaging DC: Contrast Regime (0S6-0S9)
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10-11 Instrument curves are 50 post-processed detectlon Ilmlts
1
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Credit: JPL/ V. Bailey Separation [arcsec]

For 5 <V <6 stars

The expected contrast is
< 107 (required)
~ 107 (predicted)

100 to 1,000 times better
than current facilities.
Optimistically, image

“Jupiters” to “Neptunes”

@50pc in reflected light!
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Exozodiacal Cloud

25 D.0C 0.26
Dttset trom star (arcsec)

"~ '[zmmermans an erer)
- 1 Junellie Gonzalez-Quiles (GSFC)
Chris Stark (STScl)
Neil Zimmerman (GSFC)
AT =0.00 yr Sergi Hildebrandt (JPL)
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\& The Roman Exoplanet Imaging DC: 4 Steps

7
DATA CHALLENGE
6 imaging epochs throughout the mission 1. Extract & identify point sources in 4 HLC
Realistic simulations:0S6 Speckle field time series, detector model, epochs, disentangle from background sources,
background contamination sources, exozodiacal light provide census and rough astrometry

2. Compute orbital parameters & masses with
those 4 epochs, use priors from RV data

3. Refine orbital parameters & masses using
additional 2 SS epochs, all the information

avallable
200
+0.4
150
+0.2
100
-0.0
S0
- -0.2
Q
- . 0.4

1 1 ' 4 -.l Il f »
04 02 ~00 _a02 +04 ’ 04 02 ~00 _#02 +04 04 0.2 ~400.-+02 +04 °

Offset from star (arcsec) Offget from star (accsec) Offset from star (arcses)

Hybrid Lyot Coronagraph Star Shade *

4 epochs, 2 rolls 2 epochs
+ Calibrations [ + Calibrations
®) .

AT = 0.00 yr AT = 2.00 yr

AT = 4.00 yr

+0.4}

+0.2}

0.0

0.2

& 15 years of precursor RV data

h .
W ’"’m " e 4. For a given planet, measure the phase curve
'\ “.ﬂ’ ’H‘m “M,;.ﬂ‘” ’»“‘ Sy Hw’ assuming it is Lambertian, provide radius &
f { { t o . . . :
g b Voot o - albedo given mass-radius relationship
4“"' r»q {'f }
i



https://www.exoplanetdatachallenge.com

Tokyo

CALTECH/IPAC

JUNE ‘19 NY FLATIRON—

OCTOBER’19

- ) ;'— | ——

o V-

Pl

.
STScl

MARCH’19



https://www.exoplanetdatachallenge.com

T~

\@ ROMAN Exoplanet Imaging DC: key numbers

/—\

~ 70 people participated in person to our four “hack events”

Diverse crowd in age, seniority, gender and country of origin / workplace

8 teams (1 to 4 persons) entered the competition

4 of them have completed the step 3 and have access to the star shade data

One of these "“top” participants did not attend our events

@ Undergraduate Student

@ Graduate Student
) Postdoc / Fellow
14.8% / @ Staff Scientist
| A @ Faculty / Research director

@ Post-bacce
® Amateurs
© Professional Statistician/ Data Enthusi...

@ Individual
@ Team (2 people or more)

@ Professional data analyst
@ Staff Engineer
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: PSF Subtracted Images
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In-house Analysis: Preliminary Astrometry

Uses cross-correlatio

N to a high resolution PS

to obtain accurate as

rometry for each signal
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RV [ms

In-house Analysis: Final Orbital Fit

Ell Bogat & Neil Zimmerman

Finds Initial orbital
constraints from
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Dec (mas)

400

200

—200

-400

400

Step 1 Astrometry:

200

results: quick astrometry / identification

Ell Bogat

Host Star
HLC OWA

Truth Valuss
Team Triangle
leam Lizamond

0
RA (mas)

-200

Epoch 1 (T + 0.00 yr), HLC

Team =antagon
Team Sguare
Team —exagon
Team =ius
l2am X

-400

/ Teams

Step 1 Astrometry: Epoch 2 (T + 0.15 yr), HLC

400

200

Host Star
HLC OWA

Truth Valuss
Team Triangle
leam Diamond

0
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-200

Team =&nagon
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Team —Hexagon
Team =ius
l2am X

-400

Step 1 Astrometry: Epoch 3 (T + 1.00 yr), HLC

Host Star
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planet d

i I¥
P

400 200 0 -200
RA (mas)

T&am =&nagon
Team Sguare
Team —Hexagon
Team =ius
l2am X

-400

Host Star

HLC OWA
Truth Valuss
Team Triangle
leam Dizamond

-200
RA (mas)

Step 1 Astrometry: Epoch 4 (T + 2.00 yr), HLC
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Step 1 Astrometry: Epoch 1 (T + 0.00 yr), HLC

Host Star Team Pentagon
HLC OWA Team Square

- 6x 1073
Truth Values Team Hexagon

Team Triangle Team Plus

400

Team Diamond Team X

4 x 1073
200
fg t3x 1073 §
E o S
O e
0 ol
2%x10°3
—-200
—400
103

400 200 0 —-200 —400
RA (mas) 24



Step 1 Astrometry: Epoch 2 (T + 0.15 yr), HLC

! -3
Host Star Team Pentagon 6x10
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Step 1 Astrometry: Epoch 3 (T + 1.00 yr), HLC
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Step 1 Astrometry: Epoch 4 (T + 2.00 yr), HLC

! —3
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by epoch
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Dec (mas)

Ell Bogat
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800

600

400 -

200 -

Dec (mas)

Final Astrometry: Epoch 1 (T + 0.00 yr), HLC

Host Star
HLC OWA
Planet b
Planet c
Planet d
Background star
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Team Diamond
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Team Square
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400 -
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Dec (mas)
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Final Astrometry: Epoch 2 (T + 0.15 yr), HLC
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Dec (mas)

Final Astrometry: Epoch 3 (T + 1.00 yr), HLC
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Dec (mas)
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Final Astrometry: Epoch 4 (T + 2.00 yr), HLC
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inal Planet Count for the 3 Best Teams

TEAM PENTAGON TEAM TRIANGLE
13/18 detections 0 false positives 10/18 detections 0 false positives

wo J— Troe Ordt

v Aetreved Ot

0900

Mass: Radius/Albedo: Mass: Radius/Albedo:
0.3% error No estimate 0.5% error 21% error

TEAM DIAMOND

10/18 detections

1 false positive

wo J— Toe Orae

e Mgt gwed Opd
- e ML NOWmA

. F » »
S W N e

888808

\

119%5%%

11% error

Radius/Albedo:
49% error
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Mis-matching

of the planets
caused
significant errors

TEAM HEXAGON

8/18 detections

0 false positives

TEAM SQUARE

10/18 detections

4 false positives

— Ve %

- etr et e
- e ML WA
O Y rrvomer,

—

- Rereves Ot
- 0 WA
O s Aoy

Mass:
20% error

Radius/Albedo:

No estimate

0900

12% error

Radius/Albedo:

No estimate

False positives
and mis-matching
of the planets
caused

significant errors
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\@ Challenge

: Planet detection matrix

,.J

Ell Bogat

/’-’—\

Time Elapsed Flux Ratio
(vyears) | planetb Planet ¢ Planet d
3580-10 | 4.54e-09 | 1.01e-09
(HLC) 0.00
OVOOL eVveen e/ o00
6.9e-10 4.52e-09 0le-09
(HLC)0.15
OVOOL eVee R @/000
5.19e-09 3.61e-09 84e-10
(HLC) 1.00
OVIOE VIO RE @ /00O
4.82e-09 1.83e-09 8.69e-10
(HLC) 2.00

[@VION @VIeN OVIOL

(Starshade) 3.00

(Starshade) 4.00

4.96e-10 5.6e-10 6.85e-10
OVOOLO VIO Vel
2.4e-09 1.21e-10 4.77e-10

AV N (OVIOO | evee R

Working angle =——————

Legend

Detection

ole]

Non-Detection

Easy

Medium

Difficult

' Planet ¢ IS the easiest |

Team @ detected Planet d

for very challenging
epochs (experience &
post-processing skills)
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Nominal Planet ¢
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Final Astrometry Results: Planet ¢
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ADec [mas]

& 3: Refined Astrometry /

Outer Planet d

Final Astrometry Results: Planet d
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& 3: Refined Astrometry /

Inner Planet b

Final Astrometry Results: Planet b
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Final Astrometry Results: Planet b
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Final Astrometry Results: Planet b

= Planet Orbit @ T+ 0.00(yr)
500 ° — = HLC IWA/OWA Q@ T+ 0.15 (yr)
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\@ Merit-based Ranking

— T —

SAT\ster scoring:

* 1 point awarded for a planet detection

* 0.25 points subtracted for a false positive
* eflcC.

Symbol Step 1 Astrometry Photometry Orbit

Mass

Step 4
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Team Symbol

Team ldentities: Who?

Check the jamboree page presentations from 3 finalists!

Jason Wang

Leonid Pogorelyuk & Brianna Lacy

Kevin Wagner

Angelle Tanner

Mia Hu, Jonathan Brande, Tomas Silva, Taichi Uyama
Julien Milli

Shubham Agrawal

Ranking Prize
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~ Metrics, Results & Prizes
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\@ Data Challenge: Winners

e

Data Challenge
Results

datachallenge.com/home/results

3 Winning Teams

&;. N

Team Wang Team Wagner
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\@ Roman DC: What have we learned? -/

The CGI contrast regime and capabilities offers exciting science

demonstration prospects in addition to the technological pathways: imaging
giant planets in reflected light.

We are better prepared to exploit the real Roman Coronagraph data even
it the DC data (OS6) was quite optimistic.

We are able to perform orbital retrieval on HLC simulations (> 2-3

epochs) using real exoplanetary systems with RV trends (not yet Gaia).

Talk by Ell Bogat on Simulations of Orbits

Talk by Dmitry Savransky on the Imaging Mission Database (plandb)




DC: What have we

Engaging the community is not too difficult but getting (young) people to
commit and submit (results) is not easy as they are already pressured with

paper writing, graduate school applications, etc. It could be a good idea to

involve their supervisors early on. We encouraged people to team up and it

has given some positive results in the engagement.

Several teams have found decent astrometric solutions for at least one

olanet with or without the priors from RV precursor data.

All participants struggled with calibrating photometry: we improved our

tutorial on this matter.
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\@ Roman DC: What have we learned?

One team (\Wang) has been able to recover a challenging planet in
some epochs for which we thought it was not possible! Post-
processing and experience on precursor data helps! It might be
determinant tor OS9, OS11 and the real data

Talk by John Krist on Observing Scenarios

Talk by Marie Ygouf on Simulation/Data Processing

Some participants preferred to develop their own tools rather than use the
publicly available packages (potential added value).

A few bugs have been found and it has been rewarding for the public
package developers (e.g for orbitize!) which suddenly get many avid testers.
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on the Data Challenge itself

SIRARDR:

Online (2020) Online (2021)
SPIE Proceedings  JATIS Special issue
on Star Shades

® (General paper
on the Data
Challenge

® Focus on star shade

® Focus on planet d

ZIMMERMAN:

In prep (2021)
Astronomical Journal

e Challenge design
o & HLC simulations
® [n-house analysis
® & code for planet c

GIRARD+

In prep (2021)
Astronomical Journal

e Challenge
organization

® |[n-house analysis
for all 3 planets

® | essons learned

® Participating
teams feedback
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from SIT members related to the DC

LLIZUEXING

Online (2020) Online (2021), on arxiv/ADS
AAS Proceedings Astronomical Journal

"Direct Imaging of Exoplanets
Beyond the Radial Velocity
_imit”

e SISTER, Starshade
lmaging Simulation
Toolkit

® Compares Roman
Coronagraph + Star shade
rendezvous with HabEXx

SAXENAL

Online (2021), on arxiv/ADS

Astronomical Journal

"Simulating Reflected L
—xoplanet Spectra of th

Direct Imaging larget, v

ight
e Promising

Andromedae d, with a New, Fast
Sampling Method Using the

Planetary Spectrum Ge

nerator’
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Legacy Tutorial suite (Jupyter notebooks)

Neill Zimmerman & team

f‘;

N

nbviewer

a9

photometric fit y -

° neilzim 4

P P 0

= jupyter

10 1e

35-
3.0
25-
20-
1.5-
10-
05-

"Be

-9

Tabulate mass, radius, and albedo estimates

7 7
—— lower bound: 0.31

—— median fit: 0.40
—— upper bound fit: 0.56 /
—-—— true value: 0.40

] . ] ] |
0.2 04 0e 0.8 1.0
geomertric albedo

Analysis/official2019
Data/official2019
LICENSE
README.md

conda_environment.yml

added warning about completion time
adding missing scistar images

Initial commit

Update README.md

conda environment spec file

— Jupyter

Files

Running Clusters

Select items to perform actions on them.

)0

O 000000000 fb0

~ B/
(D results
' 00-RUN_ALL.ipynb
' 01-centered_HLC_PSF.ipynb
' 02-HLC_RDLipynb
' 03-HLC_photometry_astrometry_ep1.ipynb

' 04-HLC_photometry_astrometry_ep2.ipynb

&

&

=

&

=

= 05-HLC_photometry_astrometry_ep3.ipynb

& 06-HLC_photometry_astrometry_ep4.ipynb
& (7-starshade_photometry_astrometry_ep5.ipynb
& 08-radial_velocities.ipynb

& 09-orbit.ipynb

=

' 10-phase_curve.ipynb

Quit

Logout

Upload New~

Name <  Last Modified

2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago

2 months ago

2 months ago

File size

8 kB

42.9 kB

133 kB

261 kB

271 kB

190 kB

197 kB

149 kB

722 kB

1.18 MB

201 kB
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Roman/ CCI

Data Challenge: Website

Home T mcelline &Data

SISl = 0
- L

T oy . 1w sar : I 1 L A
areinterested inlearring theart andscience of high contrastimaging oF excplanetary systems. Koman's Cororagrzph Instrument
ICC, with aposs ble Starshade, is the on yexoplanetimasing insbrumeant plaaned fe~fizht ntherextdecade The Cata Challergeis
anexcellent way to become famil ar wth the intr cacizs of the firstspaceborre high contrast excplanei imaging mission, csa

pathfinder to fuiLre “lagsh p missions.

The DATA CHALLENGE is OPEN, sce our Timeline, play with the Data. check our Tutorial! Due to
Lhe #COVID-19 siluation the final deadline has been extended Lo June 20Lh (8 months in Lotal).

4 Hackathons :,J> $ Rolease of $5 Data :> June 20th Deadiine

The official 2019 Data Challenge cpened on October
202017 ard ¢ osed onJune 20th 2020, Submiss ors
waredone ir 4 3:eps. ask ng spec fic guast ons and
sl oviing tor discussior of f ncings. Judging of the
sLbmizsions will be done by ¢ pane! of reviewers
zssemb ed fromthe Turnou!l Science Investigation
Tzam IS1T) ard the wide exoplanat commun by,
Winning parsicipant(s) will be fund=ad to aresent their
esu ts and methads at 2 major exoplanet conferance
Y 2020, After the ceadling, all particdpants/t2ams are

encauraged ta publ sh tkeir resu ts.

The scop: is to reveal a fictitious exoplanetary system
around the nearby solar-type star 47 UMa:

VYou can no longer register to the 2012 2020 but fecl
free tocheck the wutorla & data!

Shules by Enly Tan ol NYCS Flatinwr hebUtulz and Mo s for A 'wa 100 2029)

Tutorla

Events Unks Q

Data Challenge
Team, Jamboree/Results, Timeline, Events

Turnbull SIT
Final Report, Publications, etc.

Data & Tutorial
Legacy Tutorial, older versions

Links & Ressources

New section for the SIT

Turnbull Science Investigation Team Cormunizy DataChallengs +  TumbullSIT 5 Tutorial  Litks  Q

Science InvestigationTeam

Turnbull SIT

Sclence Investigation Team 2015-2021

Leadership
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