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Exoplanet Data Challenge’

Exoplanet Data Challenge #1: Test spectral retrieval using synthetic planet spectra with

instrumental noise. This exercise will help reveal model-dependent interpretations of noisy data. It
is led by Sergi Hildebrandt and Maggie Turnbull. Cycle 1: 2016-17. Cycle 2: 2017-18.

Exoplanet Data Challenge #2: Test post-processing and source extraction techniques with spectral
image cubes containinng only a star and planets, processed with a simple instrument model. This
exercise is intended as practice to begin developing the techniques.is led by Maxime Rizzo and Aki
Roberge. Cycle 1: 2017-18

Exoplanet Data Challenge #3: Add astrophysical background sources to the data cubes, processed
with the project’s WFIRST instrument model.

Exoplanet Data Challenge #4: Add interplanetary dust for a complete exercise in harvesting
scientific results from realistic simulated data

(*) In the proposal, the Exoplanet Data Challenge (EDC) was called Community Data Challenge (CDC)



Exoplanet Data Challenge

Exoplanet Data Challenge #1: Test spectral retrieval using synthetic planet spectra with instrumental
noise. This exercise will help reveal model-dependent interpretations of noisy data. It is led by Sergi
Hildebrandt and Maggie Turnbull.

Cycle 1: 2016-17. Simple planet atmospheres and simple WFIRST IFS instrumental models.

Cycle 2: 2017-18. More realistic atmospheres and latest available WFIRST IFS and CGI instrumental
models.

The Exoplanet Data Challenge is possible thanks to a collaborative effort of many people across
several institutions.
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Exoplanet Data Challenge

EDC Wiki space

My Page Recentchanges Tools v Help
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IPAC Staff Wiki
IPAC Staff Wiki > Exoplanet Data Challenge 2016-2017

> How - To

(eemmesmesezsn @ Exoplanet Data Challenge 2016-2017 =

» Simulated Exoplanet Data

Forward Modeling Exercise | Purpose: Test spectral retrieval using simple synthetic planet spectra

Forward Modeling Exercise Il Registration page

F d Modeling Exercise Il
o = Start Date: 15 August 2016

EDC 2016 Registrants
Report Due Date: March/April 2017

References

Retrieval Outputs and Units KEY MILESTONES AND DATES

Retrieval Exercise | March/April 2017: completion of retrieval exercises and report to project on EDC results
RetrievalExerciselll 23 December: first results on the retrieval exercise

> Meeting notes . .
7 December: results from the forward modeling exercise

QeA 15 August: release of CDC to public

Useful Links 18 July - use Sagan workshop as advertisement

Submit Results 15 July - first draft of stuff to deliver to the community
» People & Codes 20 June - telecon with community members

Turnbull CGI SIT Proposal 31 May - complete reach out to community members

13 May - initial email contact
09 May - initial list of contacts agreed upon

» Turnbull CGI SIT (Private)




Exoplanet Data Challenge: Cycle 1

Methodology of the atmospheric retrieval data production and analysis:

* Data created for different signal to noise ratios: SNR=5, 10 and 20

* For different spectral resolution: R=20, 50 and 70

* Blind analysis: only planet spectra, mass and orbital phase given.

* Results for two Jupiter-like planets (super-Neptune in cycle 2)

* Data analyzed with different atmospheric models (one cloud, two clouds, one cloud
and haze, two clouds and haze)

PS: SNR=10 and R=50 may now be the maximum values for WFIRST. Still results from the
cases with R70 and/or SNR20 remain highly informative.



Exoplanet Data Challenge: Cycle 1

Sample of simulated data

High Resolution spectra from Renyu Hu (JPL), resampled at

(UW)

Rayleigh scattering —

by Jake Lustig-Yaeger
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Robinson (USC)
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539 Exoplanet Data Challenge: Cycle 1

Results
Jupiter-like: Planet Ups And e (R=70, S2N=20)
1'216‘_‘9‘‘I““I““I““I““I““I““
EDC data points
i !

R

Best fit solution —— &

+/-10 contours 1
\SM— T

0.2+ |

| | | | | L
O00.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

X (1m)
Mark Marley, Roxana Lupu amTMikey Nayak (NASA/AMES)

Obtaining results for one atmospheric model is computationally expensive (order
of 1 week, 64 core machine). Some times bad fits happen, and the fit needs to be

resubmitted.




Exoplanet Data Challenge: Cycle 1
Resg_ijjc_s

Planet Ups And e (R=70, S2N=20):
1.6 M, 1R, SMA=5.25 AU around a
... star with T4=6213 K, 1.64 R, at a
~1 4 distance of 13.5 pc.

I

Mark Marley, Roxana Lupu and Mikey Nayak (NASA/AMES)
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Exoplanet Data Challenge: Cycle 1
Results

log CH4 = —2.66 H0.24

Good recovery of CH,: within 1 sigma of the input
value.

log g = 1.33°)%

1 If planet radius and mass are
freed up, no much constraint

log g

=002

log R = 0.0775;

log R




Results

Jupiter-like: Planet HD150706b:

j_\ 2.5M,, 1 R, SMA=6.7 AU, Sun-like star at 28.2 pc
T Blue: R=70, S2N=20, one cloud

Red: R=20, S2N=20, two clouds and haze
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Pat Irwin, Ryan Garland and Jo Eberhardt (NEMESIS team, OXFORD UNIVERSITY)



Exoplanet Data Challenge: Cycle 1
Results
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R70 (blue): Good recovery of NH;, H,0 and CH,:
within 1 sigma of the input value.
R20 (red): CH, good precision, but bad accuracy
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Exoplanet Data Challenge:
Cycle 1 Summary

Very valuable information for WFIRST.

Really helpful comparison among different retrieval teams:
absorption line tables, numerical simplifications, integration
methods, simplified retrieval model versus forward model.

If the planet mass is known, R70 has enough information for 2
clouds to be detected with reasonable results (Jupiter-like planet
around a Sun-like star at 6.7 AU and 28.2 pc).

Even if the planet mass is known, R20 is complicated for more
information than just a haze, but not a cloud and a haze. Enough
information for 1 cloud with reasonable results on CH,, H,0, NH,
and the radius. (Jupiter-like planet around a Sun-like star at 6.7 AU
and 28.2 pc).

Jupiter-like planet around slightly brighter star than the Sun at 13.5
pc can’t determine radius and mass, though CH, is well determined.



Exoplanet Data Challenge: Cycle 2

* Cycle 2: 2017-18. More realistic atmospheres and latest available WFIRST IFS
and CGl instrumental models

* Planets to be considered:

* 1 JUPITER-LIKE PLANET
* 1SUPER-NEPTUNE

* No Super Earth until the results from these two planets are obtained

* Impose expected SNR and Resolution Power from Mission specs

Example: Jupiter-like planet, with 1 M, and 1 R, in quadrature at 3 AU from a GOV
star. Data for the planet flux produced by Larry Sromovsky (SSEC). Other
parameters:

Uniformly mixed cloud from 0.1 to 0.2 bars: single-scattering albedo = 0.99, optical depth =5, Methane
vmr = 1E-3 (nCH4/nH2=1.197E-3), nHe/nH2 = 0.19585, isothermal atmosphere at T=140K, NQUAD=16
hemisphere, NAZIMUTH=16 for radiation transfer, ngauss=ntcheb=18 for disk-average integration,
RESOLVING POWER = 70, number of wavelengths=170, Collision-induced Absorption assumes Equilibrium
H2, Atmosphere has 57 log-spaced layers from 5E-4 to 40 bars, Surface albedo=0.0, gravity = 20 m/s”2.



Exoplanet Data Challenge: Cycle 2

Simulated data

Planet: LAS_90deg_gO0p8 (IFS)
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Exoplanet Data Challenge: Cycle 2

Simulated data

Planet flux data are then processed through the WFIRST IFS simulator

12 Fiducial 3 AU Jupiter at 10 pc, with RDI, 1000 ks on target, single trial - Fiducial 3 AU Jupiter at 10 pc, with RDI, 1000 ks on target, single trial
4.0
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Credit: Maxime Rizzo (GFSC).
PS: RDI = Reference Differential Imaging (for PSF subtraction and flux estimation)




Exoplanet Data Challenge: Cycle 2

Simulated data

We may add photometric points from the CGl, in addition to the IFS,
measurement using some relatively small portion of the IFS integration time.
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Exoplanet Data Challenge: Cycle 2

Simulated data

Bijan Nemati (Univ. of Alabama in Huntsville) has written the very complete
WFIRST Coronagraph Yield Calculator (Excel and Matlab versions are available).

WFIRST Coronagraph Brightness Dependent Errors

Nominal Multiplie Shotometry 1FS 24 s (Photometry IFS1 RDI
14 %7 umac Variance rates for cet. noise sources Mode | [ [ Anom | Akam | s [ [ vission Life time, hrs 20% ti
[[Cinstrument Mode: | Photometry 1FS1 K= arget System. wasiofplanetshot || 37602 Photometry IFS1 | SPC_ 170714 CBEF | 660 | 1188 | 13 10% | 60% 240 132 va
Planet Flux Ratio 6.90 opb 0% | specke shot 1.4E-02
SNR target 13.00 Critical SNR 1876  @thisfop z0di shot 10602 Threshold e Margin Threshold 240 | hrs max time / planet
SNA = 1 total alloc 0.53 opb Critical fpp 144% @ thisSNR Qf  |darknoise 22603 Planets Hnm of planets above the time margin threshold hrs for all planets this band
Non-det errors 0.37 opb Critical pl radius Y 178 @max elorg 63% | CIC roise 9.7604 Note: hrs all planets all bands
De dret 038 opb Hrs to SNR h rexd noise 97614 s| Narrow-band Filter Spectroscopy imvolves multiple bancs exch observed in direct imaging [ 524 [hrsavginteg per planet
tSNRraw hr noise var rate | 7.206-02
e Margin a6% | seconds to SNJ No. | PlName | Vmag [ Seoimas) [ WA (/D) [ Critial SNR | #1Ratio, opb [ Time Margin [ tsnRLhrs | totpn/pfr | smaiau) | ¢
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£appa_zoc 158603 Variance rates for Disk Imaging Case
Yie'd for the first 2 IES channels vs. SNR grore self shot rois
[cee S 10| 15 | Min. Flux Ratio Observable ozl 10 I
[ese 7 | 3 | % for this star, and this setting, noise var rate 32602
[es2 5 3| 2 | % Scenaric_ Phatometry IFS1
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nteg Tme 280 hrs sep (mas) 10
resid. Spcie 0% fop 172 3 18.71
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a7 n exo-Zodi tot. noise 12230 e 345 6 18.71
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4 s 08 18 32 noize equiv su ux density 460 8
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Photometry IFS1

Alternate List of S an Sirbu MSWC hrs
contains binaries and assumes 2 3 AU Jupiter On 240 hrg
No. ?l. Name Vmag_| Fl Ratio ppb | WA (/D) | _Crit. Pl radius k_comp Time Margin_| t(SNR]hrs | Critical SNR_| Critical fpp

42 [*alfCens 13 10.25 1.7 091 10 100% 301.7 264

43 [*afcenn 1025 7.7 091 10 100% 108.2 264

44 |*epskn 37 256 7.7 10 66

45 [* 61CvgA [ s2 | 2% 7.7 10 6.6

% |*610vz8 6.1 256 77 10 6.6

47 |*afomi 2.56 1.7 10 6.6




Exoplanet Data Challenge: Cycle 2

Simulated data

| have enhanced it by adding the possibility of considering planets with an
Albedo that may depend on wavelength and/or orbital phase (until now, the
albedo was a constant value across the spectrum).

The WFIRST Coronagraph Yield Calculator can handle any combination of
cases for an arbitrary number of planets provided by the user and quickly
return the results for the integration times, planet flux, contrast and
geometric albedo.

In the following, | will show the results for the planet considered in this
presentation.



Exoplanet Data Challenge: Cycle 2

Simulated data

Results from the enhanced WFIRST Yield Calculator: Integration time as a
function of the distance to the exoplanet and the SNR to be achieved.

LAS_Odeg_g0: Band 1 (480-532 nm) Integration time to reach a SNR given a distance
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Exoplanet Data Challenge: Cycle 2

Simulated data

Focus on a system at 10 pc (same assumption as in the IFS simulation)

LAS_90deg_gOp8. at 10 pc
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Exoplanet Data Challenge: Cycle 2

Simulated data

Star GOV, Absolute Magnitude=4.83, Distance=10 pc, Planet Radius=Jupiter Radius, Planet Mass=Jupiter mass

02 Planet: LAS_90deg_g0Op8 Exoplanet Data Challenge Sample Data Set
. |
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Exoplanet Data Challenge: Cycle 2

Sample of simulated data to be delivered for
blind analysis of atmospheric retrieval

Star GOV, Absolute Magnitude=4.83, Distance=10 pc, Planet Radius=Jupiter Radius, Planet Mass=Jupiter mass
Planet: LAS_90deg_gOp8 Exoplanet Data Challenge Sample Data Set
T T T T T I
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Exoplanet Data Challenge

WFIRST-Coronagraph Exoplanets Data Challenge : Sheet1

A B c D E F G H J K
1 System Parameters Provided to Retrieval Teams
Physical
separation
2 (AU) Angular
Planet Mass (=semi-major  separation Planet Planet Phase Stellar Radius
Target HIP# Age (Gyr) Distance (pc)  (Mj or Me) axis?) from star (")  eccentricity Angle (Rsun) Teff (K)
3 HD 150706 b 80902 3 28.22 2.5Mj 6.7 0.24 0.38 90 1.01 5903
4 UpsAnde 7513 3.12 13.47 1.6Mj 5.25 0.39 0.005 90 1.64 6213
5 HD192310c 99825 9.3 891 0.08M;j 1.18 0.13 0.32 90 0.42 5080
6 tau Ceti - disco 8102 5.8 3.65 2Me 0.72 0.20 0 90 0.83 5283
7 tau Ceti - disco 8102 5.8 3.65 1.5Me 0.72 0.20 0 90 0.83 5283

Bolometric
Stellar
Luminosity
(Lsun)

111
3.64
0.42
0.52
0.52

Cycle 1 created simulated data for:

* 5 exoplanets: 2 hot giants, 1 super-Neptune and 2 Earth-like
* Different signal-to-noise ratios: SNR=5, 10 and 20

» Different resolving powers: R=20, 50 and 70

PS: SNR=10 and R=50 may now be the maximum values for WFIRST. Still
results from the cases with R70 and/or SNR20 remain highly informative.
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From the proposal:

Deliv. #2 Deliv. #3 Deliv. #4 Deliv. #5

?
2 | Update Stans Data Cubes: || Challenge #1: DRM: =
o planet data . ]
>| SPRs |' ollection | Planetsonly ||spectral retrieval | RV planets £
~N 3 Data Cubes: | Challenge #2: =
= 3 Ug:;te nphaﬂ lanets + simple planet | discovery g
SKe) 8 study bkg. sources extraction targets >
© ? Young . | Challenge #3: DRM:
= ‘; Ugl:i;te disk . D?t:‘.c Ub:s' ¢ planet extraction | parameter -
) S study Including dust | *vy/ bkg. sources | trades y E-
S Final Challenge #4: DRM: €
o . -
> 9 Ug:;te target All D;:? :el:ibes full analysis enhanced =
NO - study Bt including dust | mission
‘
a Translate DRM and data challenge results into final WFIRST §
g requirements, observing programs, & science yields 2

Figure 1.1: Plan for success of the WFIRST CGIl. One full SIT Cycle occurs in each of Years 1-4.
Scientific performance requirements (SPRs) tasks are shown in blue boxes (Deliverable #1;
Section 2), target characterization in red (Deliverable #2; Section 3), data simulation in orange
(Deliverable #3; Section 4), data analysis in green (Deliverable #4; Section 5), and design
reference mission (DRM) tasks in aqua (Deliverable #5; Section 6).



Exoplanet Data Challenge
Next Cycle 2

Release Haystacks Solar System
/ kLi \ models. [Roberge]
Targets Task List Make simple 1-D synthetic
Cycle 1 spectra of warm giant planets
i for CDC #1. [Hu]
Collect orbital parameters and RV 3 Aot d . I anetTict dust fee Taysiacks
: 1. Choose star. . Are they dynamically 4. Model planet spectra. 3
data for known giant planet 7 Conctuct saneta stable? planetsp models of known RV systems
targets. [Kane] a.rohitecturesp y Yes w/out background sources.

wmmp NO - Reject
: Process w/ simplified

Use ExoCat to establish list of i e i

candidate stars for blind survey.

[Turnbull] [Roberge / Pueyo]
urnbu —
: _ _ 06 Credit R. Hu Cycle 2
Assemble list of mteresnng. . 6. Get exozodi brightness 5. Make dynamical model 805 Construct dust-free Haystacks
protoplanetary and debris disk & spectrum w/ DUSTMAP. | | of exozod. S04 models of known RV systems
targets. [Jang-Condell] - 2, w/ background sources. Process
e g w/ project instrument model for
Cycle 2 CDC #3. [Roberge / Shaklan]
Calculate occurrence rates for a

range of planet types. [Kane]

Assess background contamination
for all targets. [Sparks]

Coordinate blind survey and Soectral X
debris disk candidates with pocie fage ane

LBTI exozodi survey targets. 120 AU x 120 AU

il |8,
. R ! " Calculate possible dust structures
\ / W . ,}ngeh}‘&h (‘fﬁf’) 25 for known RV systems. [Stark]
Construct complete Haystacks
7. Add star & planets. 8. Add background. models for known RV systems.
HUDF [RObefge}

Construct dust-free Haystacks
models of imagined planetary
systems. [Roberge / Kane]

Cycle 3

k

[Roberge / Hinz] A=03um-2. 5um A
Calculate dust structures for
Figure 4.1: Creating a Haystacks spatial/spectral model of a whole planetary system. Each imagined systems. [Stark]
Construct models of process step is described in the text. Credit: A. Roberge & the Haystacks team. Construct complete Haystacks
protoplanetary disks including models for imagined systems.
structures induced by forming [Roberge]
planets. [Iang-Condell] Use full Haystacks and instrument

models to simulate realistic
datasets for CDC #4. [Shaklan /
McElwain]
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ONFIRST Exoplanet Data Challenge

Community Data Challenge #2: Test post-processing and source extraction techniques with
spectral image cubes containing only a star and planets, processed with a simple instrument model.

This exercise is intended as practice to begin developing the techniques.

/ Targets Task List
Cycle 1

Collect orbital parameters and RV
data for known giant planet
targets. [Kane]

Use ExoCat to establish list of
candidate stars for blind survey.
[Turnbull]

Assemble list of interesting
protoplanetary and debris disk
targets. [Jang-Condell]

Cycle 2

Calculate occurrence rates for a
range of planet types. [Kane]

Assess background contamination
for all targets. [Sparks]

Coordinate blind survey and
debris disk candidates with
LBTI exozodi survey targets.
[Roberge / Hinz]

Cycle 3

Construct models of
protoplanetary disks including
structures induced by forming
planets. [Jang-Condell]

Sergi & Maggie have put together a list of
guestions, suggestions and ideas for the next

cycle 2:

» Specific set of simulated data to be
delivered to the EDC participants.

* List of specific challenges that need to

SHARED GOOGLE DOC

Data Simulation Task List
Cycle 1

Release Haystacks Solar System
models. [Roberge]

Make simple 1-D synthetic
spectra of warm giant planets
for CDC #1. (Hu]

Construct dust-free Haystacks
models of known RV systems
w/out background sources.
Process w/ simplified
instrument model for CDC £2.
[Roberge / Pueyo]

be resolved.

* What can realistically be done this
year for a community challenge?

" Cycle 2

Construct dust-free Haystacks
models of known RV systems
w/ background sources. Process
w/ project instrument model for
CDC #3. [Roberge / Shaklan]

Calculate possible dust structures
for known RV systems. [Stark]

Construct complete Haystacks
models for known RV systems.
[Roberge]

Construct dust-free Haystacks
models of imagined planetary
systems. [Roberge / Kane]

Cycle 3

Calculate dust structures for
imagined systems. [Stark]

Construct complete Haystacks
models for imagined systems.
[Roberge]

Use full Haystacks and instrument
models to simulate realistic
datasets for CDC #4. [Shaklan /
McElwain]







