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8 Team(Experience(&(Organizational(Strategy(
Team Organization and Roles. The team members and their roles are identified in the 

preceding science Sections and task boxes. Figure 8.1 shows the leadership of the four sub-teams 
of our study. Dr. Turnbull will act as the team’s interface between the FSWG and the sub-team 
leads, who will each oversee the tasks described in the preceding Sections. Co-I Ciardi will be the 
primary contact for the participating CDC teams. Postdocs and students will join the study to help 
implement critical analyses in Years 1 – 4. PI Turnbull will be responsible for ensuring that the 
deliverables and annual reports are completed on time and that the team remains responsive to the 
Adjutant Scientist and needs of the FSWG. 

Management & Communication. PI Turnbull has project management training specific to 
diverse teams and distributed projects. At our first team meeting in Year 1, we will establish 
communications practices using a suite of proven tools (e.g., Slack) to track workflow, maintain 
accountability from team members, and organize our tasks for the coming year. Throughout the 
study, PI Turnbull will meet weekly with the task leads using teleconferencing tools such as 
GoToMeeting. We will also hold biweekly “all-hands” meetings with presentations from team 
members to highlight their progress, review priorities, and stay abreast of wider developments.  

Team Experience & Resources. Our team members have developed a substantial set of state-
of-the-art tools that are ready to be used, including: (1) the ExoCat stellar database (Turnbull 2015), 
(2) the Habitable Zone Gallery and TERMS projects (Kane), (3) the Haystacks planetary system 
modeling framework (Roberge), (4) a library of model spectra for warm to cold Jupiters and sub-
Neptunes (Hu, Madhusudhan), (5) structural modeling codes for both exozodiacal dust (Stark) and 
protoplanetary disks (Jang-Condell), (6) WFIRST Coronagraphic image simulation tools (Shaklan, 
Pueyo), (7) WFIRST IFS simulator tools (McElwain), (8) source extraction (Pueyo) and spectral 
retrieval algorithms (Mandell, Madhusudhan), (9) an advanced DRM code to optimize observing 
programs for exoplanet science harvest (Stark), and (10) significant experience in community 
engagement (Ciardi).  

Leveraging of Effort. Our workplan unifies several programs for WFIRST precursor studies and 
community-wide science definition efforts, including: (1) a WFIRST Preparatory Science grant to 
discriminate exoplanet and background sources (Turnbull), (2) an HST Archival grant to examine 
the faint background near high priority targets (Turnbull, Sparks) using extended and point source 
extraction algorithms (Pueyo), (3) NASA grants to develop the Haystacks code framework 
(Roberge), (4) participation in NASA Nexus for Exoplanet System Science teams (Jang-Condell, 
Turnbull, Kane, Roberge, Stark), (5) participation in the ExoPAG Executive Committee (Turnbull, 
Ciardi) and its Science Analysis Group on planet occurrence rates (Turnbull, Kane, Ciardi), and (6) 
continuing development of starshade concepts (Turnbull, Roberge, Shaklan, Sparks).   
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2 Deliverable(#1:(The(WFIRST(Scientific(Performance(Requirements((
Formulating the Scientific Performance Requirements (SPRs) for WFIRST will be an iterative 

process requiring continual feedback from the SIT activities described in this proposal. In keeping 
with the work of prior Science Working Groups in exoplanet direct imaging, we expect the SPRs 
to be expressed in terms of exoplanet discovery yields and spectral characterization 
requirements, given the best current estimates of planet occurrence rates and instrument 
performance. We will re-evaluate the SPRs in each year’s report to the Formulation Science 
Working Group (FSWG). To start, there are several key science areas that our team has identified 
as both revolutionary and within the scope of the WFIRST exoplanet science program:  

1. Known RV Planets. As a “guaranteed” science harvest, WFIRST should be able to image 
many of the known radial velocity exoplanets, constraining orbital inclinations and planet 
masses for some.  

2. Chemical Diversity of Evolved Gas Giants. The WFIRST IFS spectral range of 0.6−1 µm will 
enable measurement of H2O and CH4 abundances in ice and gas giant atmospheres, placing 
constraints on accretion history and migration and probing non-equilibrium processes, such 
as vertical mixing, cloud formation, and photochemistry.  

3. Discovery Targets: Super-Earths and sub-Neptunes. For nearby stars of various spectral 
types, WFIRST should be able to detect planets a few times the mass of the Earth and larger, 
at a wide range of equilibrium temperatures relative to the habitable zone. Broadband colors 
may indicate the presence of water, Rayleigh scattering, or photochemical hazes.  

4. Disk Studies. The CGI should provide measurements of interplanetary dust in exoplanet host 
systems, and this information is vital for future efforts to directly image Earth-like exoplanets. 
High-contrast imaging of protoplanetary and debris disks can also reveal forming or young 
planets through their impact on disk structure or by direct detection. 

Figure 1.1: Plan for success of the WFIRST CGI.  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).  

Caption:  Plan for success of the WFIRST CGI. One full SIT Cycle occurs in 
each of Years 1–4. Scientific performance requirements (SPRs) tasks are 
shown in blue boxes (Deliverable #1), target characterization in red (Deliverable 
#2), data simulation in orange (Deliverable #3), data analysis in green 
(Deliverable #4), and design reference mission (DRM) tasks in aqua. 
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1.  The WFIRST Science Requirements Document.  
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2.  CGI Target Descriptions:  Known RV planets, Discovery target 

systems and Disk Systems. 
 
-   stellar characteristics:  multiplicity, activity, ages, 
abundances, astrophysical background 

-  detectable planet size-age-temperature/separation 
phase space for each individual target 
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2.  CGI Target Descriptions:  Identify most interesting disk systems 

and evaluate detectability of planet formation signatures 
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The CGI provides a chance to greatly improve this situation. Exozodi scattered light surface 
brightnesses will be measured for free during exoplanet imaging observations, enabling dust level 
assessments and constraints on scattering phase functions. Further, if some WFIRST targets are 
coordinated with a subset of the LBTI survey targets, we will obtain a highly valuable dataset for 
constraining exozodi albedos. The potential target list for the LBTI exozodi survey includes 48 
nearby solar-type stars, many of which will be prime targets for the CGI (Weinberger et al. 2015). 
Through communication with the LBTI PI 
(Collaborator Hinz), we will coordinate the 
WFIRST exoplanet survey targets with the 
LBTI target set. In addition, we will look for 
synergies with LBTI while prioritizing any CGI 
debris disk observations.  

3.2.2 Young( Protoplanetary( and( Debris(
Disk(Systems((

Extremely interesting observations of 
planet-forming disks around young stars are 
also possible with the CGI. Disk structure in 
young gas-rich protoplanetary disks around 
pre-main sequence stars can provide a 
window into the formation of gas giant planets. 
We may be able to detect signatures of planets 
forming at tens to hundreds of AU from their 
stars, analogous to Beta Pictoris b and the HR 
8799 planets (Lagrange et al. 2010; Marois et 
al. 2008). Such planets would open disk gaps 
that would be readily detected in scattered 
light (Figure 3.2; Muto et al. 2012). Our team 

Figure 3.1: Our Haystacks modeling framework creates realistic inputs for simulating direct 
imaging and spectral data. The figure shows one wavelength slice of a high-fidelity model of the 
modern Solar System. Credit: A. Roberge & the Haystacks Team. 

Figure 3.2: Hints of forming planets revealed by 
a central clearing and spiral arms in the 
SAO206462 protoplanetary disk. The spatial 
resolution of this image is nearly equal to that of 
WFIRST. The region between the red circles is 
the approximate CGI high contrast region at 565 
nm (3λ/D to 10λ/D). Credit: NAOJ / Subaru. 
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3. Spectral Data Cubes for input to Instrument Simulator(s). 
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locate zones of stability where other planets or planetesimal belts can exist (Kane et al. 2015). We 
will then construct multi-planet architectures for high-priority blind search stars. These systems 
will be tested for long-term dynamical stability with N-body simulations. We choose to model 
multi-planet systems since Kepler results indicate that, while hot Jupiters tend to be lonely, cooler 
planets generally reside in multiple systems (Latham et al. 2011). 

4.1.2 Spectral(Model(Inputs((
 We will assemble realistic model spectra of the known RV planets, which will mostly be 

warm Jupiters and Neptunes. These planets will have atmospheres much colder and in different 
chemical states than the hot atmospheres currently observed with the transit spectroscopy. We 
have developed a 1-D model to calculate exoplanet reflected light spectra (Hu et al. 2012, 2013; 
Hu & Seager 2014), which has been extended to self-consistently calculate equilibrium cloud 
formation (Hu 2014). A spectral database for warm to cool giant exoplanets has been prepared 
using this model, as part of a WFIRST Preparatory Science project (PI: M. Turnbull). The variable 
parameters for the spectral database include planetary size, stellar insolation, evolutionary stage of 
planet, and the atmospheric carbon, oxygen, and nitrogen content. Within this database, we 
expect to find models suitable for the known RV planets. For the blind survey targets, we will 
calculate spectra for an expanded range of possible planets, including sub-Neptunes and rocky 
planets. We will improve the atmosphere model by incorporating our existing photochemical haze 
formation module (Hu et al. 2013).  

Figure 4.1: Creating a Haystacks spatial/spectral model of a whole planetary system. Each 
process step is described in the text. Credit: A. Roberge & the Haystacks team. 
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3. Spectral Data Cubes for input to Instrument Simulator(s). 

Jupiter 

Venus 
Earth 

Mars 

30 AU 

Neptune 

Inner 12 AU x 12 AU 

Solar System w/out Sun 
λ = 0.55 µm 

Credit: A. Roberge & the Haystacks team 

Finding the Needles in the Haystacks 
Spectral image cubes: 0.3 µm – 2.5 µm 
Contain star, planets, consistent dust 

Option to add galactic & extragalactic background sources 
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4. Spectral Retrieval Studies, including In-House and 
Community Data Challenges. 
 

 - use assembled spectra and cubes for “blind” studies 
 - test extraction algorithms to find everything 
 - test modelers’ ability to retrieve own models 
 - test inter-team differences 
 - include placebos and non-planets 
 - map science yield vs spectral  
  resolution and SNR 
 - start with noisey spectra and add  
  complexity gradually 

 

 - FIRST DATA CHALLENGE: 
       AUGUST 2016 
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5.  Optimized observing programs and science yields. 

Astrophysical 
Constraints 

•  ηplanet 
•  ηexozodi 

•  Planet sizes 
•  Albedos 
•  Phase functions 

Technical 
Requirements 

•  Telescope diameter 
•  Contrast 
•  Contrast floor 
•  Inner working angle 
•  Outer working angle 
•  Total throughput 
•  Overheads 

Design reference mission (DRM) 

Observational 
Requirements 

•  Central wavelength 
•  Total bandpass 
•  Spectral resolution 
•  Signal-to-Noise 
•  Observing strategy 
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5.  Optimized observing programs and science yields (DRM 

output). 
 

 - start with RV targets as “guaranteed science” including 
uncertainty in orbits 

 - add in discovery targets 
 - explore fast follow-up for confirmation of faintest 

planets in broadband 
 - explore optimal follow-up timing for orbit determination 
 - explore trades in dark hole size vs. depth 
 - explore trades in contrast vs. bandwidth (impacts post-

processing algorithms) 
 - explore optimal observing strategy for target star 

subtraction vs. limiting contrast 
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2 Deliverable(#1:(The(WFIRST(Scientific(Performance(Requirements((
Formulating the Scientific Performance Requirements (SPRs) for WFIRST will be an iterative 

process requiring continual feedback from the SIT activities described in this proposal. In keeping 
with the work of prior Science Working Groups in exoplanet direct imaging, we expect the SPRs 
to be expressed in terms of exoplanet discovery yields and spectral characterization 
requirements, given the best current estimates of planet occurrence rates and instrument 
performance. We will re-evaluate the SPRs in each year’s report to the Formulation Science 
Working Group (FSWG). To start, there are several key science areas that our team has identified 
as both revolutionary and within the scope of the WFIRST exoplanet science program:  

1. Known RV Planets. As a “guaranteed” science harvest, WFIRST should be able to image 
many of the known radial velocity exoplanets, constraining orbital inclinations and planet 
masses for some.  

2. Chemical Diversity of Evolved Gas Giants. The WFIRST IFS spectral range of 0.6−1 µm will 
enable measurement of H2O and CH4 abundances in ice and gas giant atmospheres, placing 
constraints on accretion history and migration and probing non-equilibrium processes, such 
as vertical mixing, cloud formation, and photochemistry.  

3. Discovery Targets: Super-Earths and sub-Neptunes. For nearby stars of various spectral 
types, WFIRST should be able to detect planets a few times the mass of the Earth and larger, 
at a wide range of equilibrium temperatures relative to the habitable zone. Broadband colors 
may indicate the presence of water, Rayleigh scattering, or photochemical hazes.  

4. Disk Studies. The CGI should provide measurements of interplanetary dust in exoplanet host 
systems, and this information is vital for future efforts to directly image Earth-like exoplanets. 
High-contrast imaging of protoplanetary and debris disks can also reveal forming or young 
planets through their impact on disk structure or by direct detection. 

Figure 1.1: Plan for success of the WFIRST CGI.  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).  

Caption:  Plan for success of the WFIRST CGI. One full SIT Cycle occurs in 
each of Years 1–4. Scientific performance requirements (SPRs) tasks are 
shown in blue boxes (Deliverable #1), target characterization in red (Deliverable 
#2), data simulation in orange (Deliverable #3), data analysis in green 
(Deliverable #4), and design reference mission (DRM) tasks in aqua. 
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1.  Identify relevant detectable planet size-temperature 

phase space for RV targets. 
2.  Assemble spectral models with range of possible planet 

parameters (abundance ratios, clouds, etc) 
3.  Add in some trickery 
4.  Assemble appropriate stellar spectra for division 
5.  Add noise 
6.  Recruit retrieval teams 
7.  Distribute to community retrieval teams via IPAC for 

Data Challenge #1:  August 15 – November 15 
8.  Interpret findings in terms of parameters relevant to the 

SRD 
9.  Wash, rinse, repeat. 


