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Paul’s Charge.

“I am charging the Astrophysics PAGs to 
solicit community input for the purpose 
of commenting on the small set [of 
large mission concepts to study], 
including adding or subtracting large 
mission concepts.” 
  – Paul Hertz, January 4, 2015 



Initial list of four missions.
Taken from NASA Roadmap (Surveyors) and Decadal Survey (HabEx)
•  FAR IR Surveyor – The Astrophysics Visionary Roadmap 

identifies a Far IR Surveyor as contributing through 
improvements in sensitivity, spectroscopy, and angular 
resolution.

•  Habitable-Exoplanet Imaging Mission (HabEx)– The 2010 
Decadal Survey recommends that a habitable-exoplanet 
imaging mission be studied in time for consideration by the 
2020 Decadal Survey.

•  UV/Optical/IR Surveyor –The Astrophysics Visionary Roadmap 
identifies a UV/Optical/IR Surveyor as contributing through 
improvements in sensitivity, spectroscopy, high contrast 
imaging, astrometry, angular resolution and/or wavelength 
coverage. The 2010 Decadal Survey recommends that NASA 
prepare for a UV mission to be considered by the 2020 Decadal 
Survey.

•  X-ray Surveyor – The Astrophysics Visionary Roadmap 
identifies an X-ray Surveyor as contributing through 
improvements in sensitivity, spectroscopy, and angular 
resolution.



 

ExoPAG’s Response to Paul’s 
Large Mission Charge.

• The ExoPAG had already initiated the 
process of building consensus for an 
“Exoplanet Roadmap” through the SIG 
#1 activities.

• The ExoPAG has been working to 
respond to Paul’s charge under the 
auspices of this SIG.



ExoPAG SIG #1:  
Toward a Near-Term Exoplanet Community Plan

The goal of this Science Interest Group is to begin the 
process of developing a holistic, broad, unified, and 
coherent plan for exoplanet exploration, focusing on 
areas where NASA can contribute. To accomplish this 
goal, the SIG will work with the ExoPAG to collect 
community input on the objectives and priorities for the 
study of exoplanets. Using this input, it will attempt to 
develop a near-term (5-10 year) plan for exoplanets, 
based on the broadest possible community consensus. 
The results of this effort will serve as input to more 
formal strategic planning activities that we expect will 
be initiated near the end of the decade in advance of the 
next decadal survey. 



Focusing on the charge.
•  Since January 2015, SIG#1 has focused on 

responding to Paul’s charge.
•  PAGs immediately agreed to coordinate:

–  EC members from all three PAGs met at STScI 
in April.

–  Agreed to have a joint executive summary, 
table of notional mission parameters.

–  Substantial interaction and coordination, 
some contentious issues, but agreement on 
the primary conclusions.





Primary ExoPAG Sources of Input.

•  Talks, brainstorming, and discussion at 
ExoPAGs 9, 10, 11, 12, one stand-alone 
meeting, and two virtual meetings.

• NASA Astrophysics Roadmap.
•  Solicited (and unsolicited) input from a 

several dozen members of the community. 
• COPAG White Papers
• COPAG, PhysPAG, and SIG Meetings.



Many meetings and telecons.
•  January 2014: Initial discussion of SIG#1 at ExoPAG 9 
•  March 2014: APS approves SIG #1
•  June 2014: Brainstorming session at ExoPAG 10 
•  January 2015: Brainstorming session at ExoPAG 11, Paul’s charge
•  February 2015: First dedicated SIG #1 Meeting, brainstorming & consensus building.
•  March 10 2015: COPAG Virtual Town Hall
•  March 19 2015: Joint PAG EC meeting.
•  April 11-14 2015,  Am. Phys. Soc. (Baltimore)  - PhysPAG
•  June 2, 2015: ExoPAG Virtual Meeting #1
•  June 3-5 201: Far-IR Workshop – COPAG
•  June 13-14 2015: ExoPAG #12 – ExoPAG
•  June 25-26 2015: UV/Vis SIG Meeting, Greenbelt, MD – COPAG
•  July 1 2015: panel discussion during the HEAD meeting - PhysPAG
•  July 3 2015: joint PAG EC Chair telecon
•  July 13 2015: joint PAG EC Chair telecon with Paul Hertz
•  July 14 2015 – ExoPAG Virtual Meeting #2
•  August 7 2015 - Joint PAG Splinter Session at IAU
•  August 18 2015 – ExoPAG Virtual Meeting #3
•  August 20 2015 – COPAG Virtual Town Hall
•  August 31 2015, - Joint PAG Session at AIAA Meeting
•  Now – September 18: Finalizing the report
•  October 1 2015: Deliver report to APS
•  October 22+23 2015: APS Meeting, Washington, DC



Joint PAG Points of Consensus.
•  The PAGs concur that all four large mission concepts 

should be studied.
•  This finding is predicated upon the assumptions 

outlined in the white paper and subsequent charge (e.g., 
the 2010 Decadal Survey priorities are realized).

•  The PAGs find that there is strong community support 
for the maturation of the four mission concepts via 
science and technology definition teams (STDTs). There 
is strong consensus that all of the STDTs contain broad 
and interdisciplinary representation of the science 
community.

•  The PAGs find that there is broad community support 
for a line of probe-class missions within the 
Astrophysics mission portfolio.



ExoPAG/COPAG Discussions.
Some vigorous but productive discussions amongst various 
ExoPAG and COPAG members:

The COPAG and ExoPAG concur that, in 
order to ensure broad support for the 
HabEx and LUVOIR missions within both 
the exoplanet and cosmic origins 
communities, significant science 
capabilities in both topical areas must be 
baselined for these missions. 



ExoPAG Points of Consensus.
1.  There was a general support for WFIRST with a coronagraph and a starshade.
2.  There was a general consensus that a broad range of apertures and architectures 

for direct imaging missions should be studied, encompassing both the nominal 
concepts of the HabEx and LUVOIR missions.

3.  There was a general consensus that there should be a common executive summary 
with the other PAG reports. It was agreed that the executive summary should 
include: a statement that we support these four missions being studied, a 
recommendation for probe studies, and suggestions for how STDTs should be 
organized (provided that the other PAGs are in agreement on these points).  

4.  There was a general consensus that a common table describing the nominal 
parameters of the four missions should be included in the PAG reports.  These 
parameters are to be determined in future discussions with the ExoPAG and other 
PAGs.

5.  There was a general consensus that we should neither add nor subtract from the 
four proposed mission concepts (HabEx, LUVOIR, X-ray Surveyor, and Far-IR 
Surveyor).



ExoPAG Points of Consensus, 
cont.

6.  With regards to organization of the HabEx and LUVOIR STDTs, 
there was a general consensus on the following points:

–  There should be two separate science teams and two separate 
engineering and technology teams.  

–  The science teams should have significant overlap (common members), 
and should include significant representation from the planetary science 
community.

–  We should express the following concerns in the report: 
•  Exoplanets may get marginalized in the LUVOIR STDT if their 

representation is too small.
•  The general astronomical community may get fractured if the 

representation of disciplines is very different between the two STDTs.
–  Thus the members of the science teams should be carefully chosen to 

ameliorate these concerns.
–  The teams should meet periodically, including the kickoff meeting. 
–  There should be a small, independent and unbiased team that is tasked 

to evaluate the science yield and technical readiness of both mission 
designs in a consistent and transparent manner.



ExoPAG Points of Consensus, 
cont.

7.  There was a general consensus that probe-class 
(<~$1B) missions should be studied in advance of 
the next decadal survey, and that the following 
missions should be presented in the report as 
examples of possibly compelling probe-class 
missions.

–  A starshade for WFIRST-AFTA.
–  A transit characterization mission.
–  An astrometry mission.





Notional Mission Science Goals, Measurement 
Requirements, and Architectures.

•  Initially developed during joint EC meeting at STScI.
•  Developed in further meetings.
•  Notional!!!!! (Did I mention notional?)

“We emphasize that these parameters are notional: they 

are not meant to provide definitive or restrictive 
specifications for range of possible range of 
architectures to be studied by the STDTs. We encourage 
the STDTs to consider architectures and parameters 
outside of those indicated here, in order to explore the 
full range of science goals, and maximize the science 
achievable by these missions given constraints on the 
cost, schedule, and technological readiness.”



Far-IR Surveyor.
Science Goals:
•  History of energy release in galaxies: formation of stars, and growth of black holes.
•  Rise of the first heavy elements from primordial gas.

•  Formation of planetary systems and habitable planets, study debris disks.

Measurement Requirements:
•  Spectral-line sensitivity better than 10-20 Wm-2 in the 25-500 micron band. (5 sigma, 1h)
•  Imaging spectroscopy at R~500 over tens of square degrees. 
•  R~10,000 imaging spectroscopy of in thousands of z<1 galaxies and protoplanetary disks.
•  High-spectral-resolution capabilities desired for Galactic star-forming systems and the Galactic Center. 

Architecture and Orbit:
•  Complete spectroscopic coverage at R~500 from 25-500 um.
•  Monolithic telescope cooled to <4 K, diameter ~5 m.
•  Field of View = 1 deg at 500 μm
•  R~10,000 mode via etalon insert.
•  Background limited detector arrays with few x 105 pixels, likely at T<0.1 K.
•  Mission: 5 years+ in L2 halo orbit.
•  High-resolution (heterodyne) spectroscopy under study, possibly for warm phase. 



Habitable-Exoplanet Imaging Mission.
Science Goals:
•  Directly image Earthlike planets, and search for potential habitability.
•  Place the Solar System in the context of a diverse set of exoplanets.
•  Study and characterize protoplanetary disks.
•  Cosmic origins science enabled by UV capabilities; considered baseline science.
Measurement Requirements:
•  Exo-Earth Detection:

–  ~10-10 contrast
–  Coronagraph and/or starshade
–  Optical and near-IR camera for planet detection and characterization
–  IFU, R>70 spectrum of 30 mag exoplanet
–  1” FOV

•  Cosmic Origins Science:
–  UV-capable telescope/instrument suite: properties and wavelength range to be determined.
–  Enable constraints on the high-energy radiation environment of planets.

•  Possible instrument for spectroscopic characterization of transiting planets. 

Architecture and Orbit:
•  Aperture: <~8m likely
•  Monolithic or segmented primary
•  Optimized for exoplanet direct imaging
•  L2 or Earth-trailing likely. 



(Large) UV/Optical/IR Surveyor.
Science Goals:
•  Directly image many Earthlike planets, and detect biosignatures if present.
•  Place the Solar System in the context of a diverse set of exoplanets.
•  Study and characterize protoplanetary disks.
•  Broad range of cosmic origins science 

Measurement Requirements:
•  Exo-Earth Detection:

–  ~10-10 contrast
–  Coronagraph (likely), perhaps with a starshade.
–  Optical and near-IR camera for planet detection and characterization.
–  IFU, R>70 spectrum of 30 mag exoplanet.
–  1” FOV

•  Cosmic Origins Science:
–  HST-like wavelength sensitivity (FUV to Near-IR)
–  Suite of imagers & spectrographs, properties to be determined

•  Possible instrument for spectroscopic characterization of transiting planets. 
Architecture and Orbit:
•  Aperture: ~8-16m likely
•  Likely segmented, obscured primary
•  Orbit: L2 likely



X-Ray Surveyor.
Science Goals:
•  Origin and growth of the first supermassive black holes
•  Co-evolution of black holes, galaxies & cosmic structure
•  Physics of accretion, particle acceleration and cosmic plasmas
•  Characterizing the high-energy radiation environment of newly discovered 

exoplanetary systems. 
Measurement Requirements:
•  Chandra-like (0.5”) angular resolution
•  Detection sensitivity ~ 3 x 10-19 erg cm-2 s-1
•  Spectral resolving power: R>3000 @ 1 keV; R~1200 @ 6 keV 
Architecture and Orbit:
•  Eff. area ~3 m2
•  Sub-arcsecond angular resolution
•  High-resolution spectroscopy (R ~ few x 103) over broad band via micro-

calorimeter & grating spectrometer instruments
•  FOV ≳ 5’
•  Energy range ~0.1-10 keV
•  Orbit: L2 likely



What’s the difference 
between LUVOIR and HabEx?

•  In some sense, nothing – can be seen as a continuum of missions.
•  But, there are two natural break points around 8m

–  Largest monolithic aperture to fit in currently-available launch vehicles is ~8m.
–  OIR science is much less compelling below <~8m.

•  HabEx – a more focused observatory:
–  Primary driver to search for habitability for a handful of Earthlike planets.
–  Significant new capabilities for a subset of COR science (UV).

•  LUVOIR – a general purpose facility (like HST):
–  One primary driver to search for habitability on a large number of systems, and 

detect biosignatures (if present) on a small number of habitable systems.
–  Dramatically improved science capabilities covering nearly the full COR portfolio 

(UVOIR)
–  Serviceable.

•  LUVOIR would almost certainly be more capable is essentially every 
respect
–  The ExoPAG favors this implementation, if it is feasible given the constraints.
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