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NASA Exoplanet Exploration Program
A Program within the NASA Astrophysics Division

o — # | | Purpose described in
& 2014 NASA Science Plan

1. Discover planets around other stars

2. Characterize their properties

3. ldentify candidates that could harbor life

SCIENCE PLANMN

2014

The Search for Life in our Galaxy

EXEP serves the science community and NASA APD by
Implementing NASA's space science vision for exoplanets
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Kepler Close Out

Delivering Kepler’'s Legacy g —
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Front page news in July: Kepler 452b F ey
Held successful Hack Week (Oct 2015) ==t
Kepler closeout and final data processing continuesfEig & 8
steadily within overall schedule margin.
— Level 1 milestones completed since last ExoPAG:

+ SOC 9.2 Q1-Q17 Activity Table Closure

+ SOC 9.2 Final Occurrence Rate Products Delivered

» Pipeline Development for SOC 9.3 Completed

+ SOC 9.3 Q0-Q17 Long Cadence Light Curves to MAST

— Final data processing (SOC 9.3) underway; on track
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« SOC 9.3 Q0-Q17 Short Cadence Light Curves to _EJ\

MAST (May 2016)
* Documentation Completeness Review (Oct 2016) ~
« SOC 9.3 Final Occurrence Rate Products (April 2017)




Kepler K2
Extending Kepler to the Ecliptic

Since last ExoPAG:
- Data released for campaigns 3, 4, and 5. Campaign 6 data to be
released in late January.

High-value exoplanets: small, rocky, nearby (46 pc), orbiting bright
stars. Some highlights:
— 32 confirmed exoplanets in 23 systems; >300 candidates

— About 50 likely rocky, 6 are in the habitable zone; of these 5 are suitable
for atmospheric characterization first by HST and then by JWST

Campaign 9 (Microlensing) starts in April, NASA funding UKIRT time.
Early experiment for WFIRST

Spacecraft is healthy: completed campaign 7 downlink and begins
campaign 8 (today, Jan 3). Estimate: sufficient fuel for at least 17
campaigns

K2 does much more than exoplanets!
K2 Special Session: Tuesday 1/5, 7:30pm, Room “Sun A”



Progress towards 2010 Decadal
Survey Priorities



WFIRST / AFTA

« WEFIRST technology (Coronagraph and IR
detectors): All milestones completed per plan.

 Completed latest design cycle (L2 orbit) — basis for
Mission Concept Review (MCR) design reference.

« FY16 Omnibus Appropriations Bill: $90M for
WFIRST

« WFIRST Formulation Science Team Announced:
ten Science Investigation Teams (SITs) and two
Adjutant Scientists: D. Spergel (Widefield) and
J. Kasdin (Coronagraph).

« 12/18: Notice provided by GSFC for four-month
Wide Field Instrument Industry Concept Study

* NASA Key Decision Point (KDP)-A planned for
2/17: Agency approval to enter Formulation



Technology - Coronagraph

All WFIRST technology milestones met on schedule

* Delivered a modelable coronagraph
bench to WFIRST Coronagraph team

 Demonstrated broadband (10% at
550nm) high raw contrast (<1e-8) in
a static environment for both
— SPC (Shaped-Pupil
Coronagraph) with WFIRST
telescope pupill
— HLC (Hybrid Lyot Coronagraph)
« Demonstrated low-order wavefront

error sensing and close-loop tip/tilt
correction (<0.4 mas rms per axis)

* Next: milestones for detector,
PIAACMC, coronagraph raw contrast
in dynamic environment




Large Binocular Telescope Interferometer
Measures exozodiacal dust in habitable zones

Phil Hinz, PI LBTI Performance

ZS THE UNIVERSITY A
. OF ARIZONA. Spitzer / IRS

February 2014

March 2014

Nov 2014

' Feb 2015

IBTI

Herschel / PACS

— _—

 Demonstrated 12 zodi sensitivity for a solar twin at 10 pc at May 2015, <6 zodi
single star sensitivity planned for April 2016 Science Operations Review

« HOSTS survey interrupted by glycol leak in secondary mirror but repairs are
nearly complete and binocular operation will restart January 2016

» Plan for 32 star survey giving <2 zodi mean uncertainty over survey population

* Results of HOSTS survey to inform next decadal survey on direct exoplanet
imaging: Survey deliveries Sept 2016 and Sept 2017
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Partnership for Exoplanet Discovery and Characterization

 Motivation

. B B Massachusetts P
— 2010 Decadal Survey calls for precise i e @ ennState
ground-based spectrometer for exoplanet Pl G. Furesz BL: S. Mahadevan
discovery and characterization

— Follow-up of current missions (K2, TESS, JWST,
WFIRST)

— Observations inform design/operation of future
missions

e Scope:

— Extreme precision radial velocity spectrometer
(<0.5 m/s) for WIYN telescope is in procurement

« Downselect of competing proposals March 18

« Winning team will be invited to deliver telescope port

adapter 3.5m WIYN Telescope
Kitt Peak National Observatory

* Instrument to be commissioned by July 2019 Arizona

— Ongoing Guest Observer program using NOAO
share of telescope time for exoplanet research



Strategic Astrophysics Technology - TDEM

Reports for completed and active TDEMSs: http://exep.jpl.nasa.gov/technology/
Reviewed and approved by ExoTAC, Alan Boss (chair)

Optical shield testbed, JPL

 Active TDEMSs
— 2010

» (Bierden) Environmental Testing of MEMs DMs

* (Helmbrecht) Environmental Testing of MEMs
DMs

* (Lyon) Visible Nulling Coronagraph Testing
— 2012
» (Casement) Starshade Edge Scattering

» (Kasdin) Optical and Mechanical Verification of
External Occulter

— 2013
* (Bendek) Enhanced Direct Imaging with Glasman a1
Astrometric Mass g
» (Cash) Development of Formation Flying Sensors ' N .
+ (Kasdin) Formation Flying of External Occulters 4ian LED f \\
* (Lyon) Segmented Aperture Nulling Coronagraph s Lo
Image courtesy of NGAS




Strategic Astrophysics Technology - TDEM

Advancing Technology Readiness towards next Decadal Survey

« New TDEMs (2014)
— (Thomson) Starshade Optical Shield
— (Bolcar) Next Generation Visible Nulling
— (Serabyn) Broadband Vector Vortex Coronagraph

« TDEM 2015 Pre-Proposal Briefing: Jan 19, 1pm ET

Please attend to contribute and learn:

Technology Gap Assessment for Q%
Coronagraphs and Starshades — V”
Nick Siegler, EXEP Chief Technologist .

Monday, Jan 4, 3:30-4:30, Orange
Blossom Ballroom



Preparations for Next Decadal
Survey



Preparing for Astro 2020

« EXEP supports exoplanet science for HabEx and
LUVOIR (and Far IR surveyor too)

— Technology Gap Lists extended to HabEx and LUVOIR
architectures, and now include telescope stability and detectors
which apply to all architectures

— Segmented Coronagraph Design & Analysis: program-funded
study (active now) to find coronagraph designs suitable to
segmented apertures

(more on both of these from Nick Siegler on Monday)
e Other initiatives - introducing:

— The Starshade Technology Project

— The Starshade Readiness Working Group (SSWG)

— The Exoplanet Standards and Evaluation Team



The Starshade Technology Project

* Purpose: achieve TRLS by 2019

* Directed funding and reprogramming of
competed funds

« KDP-A (to enter Formulation) February 19

 Managed by ExEP at JPL for APD, as a
technology project

 |ntent is broad institutional participation and
funding



The Starshade Readiness Working Group (SSWG)
http://exep.jpl.nasa.gov/sswg/

Require a risk reduction plan for technology validation of starshades
to enable starshade flight science missions to be considered in 2020
Decadal Survey

Will answer these questions and deliver recommendation to APD:
— How to go from TRL 5 to ~TRL6,7
— Do we need a tech demo, and if so, what is it?

Will adopt the Exo-S probe “Starshade Rendezvous” as
representative motivation of technology requirements

Kickoff telecons January 12 and 15 (TBC), active through July 2016
Chairs: G. Blackwood (EXEP/JPL), S. Seager (MIT)

Steering Group: N. Siegler (EXEP/JPL), K. Stapelfeldt (EXEP/JPL),
T. Hyde (GSFC), R. Soummer (STScl), T. Greene (ARC), M.C.
Noecker (JPL), M. Melton (GSFC)

Members (consensus group) — being contacted now for charter
Observers welcome



The Exoplanet Standards Definition and
Evaluation Team

Recommended by ExoPAG in 10/6/2015 large mission study report

Need transparent, unbiased, common exoplanet yield estimates for Decadal
large missions (HabEx, LUVOIR) and any exoplanet probes. Same
yardstick, honest broker.

Customer is APD; will be chartered by APD to provide periodic apples-to-
apples comparisons to APD.

Use Program tool (D. Savransky’s open-source ExoSIMs plus module
additions) and include other tools (e.g. AYO) for validation.

Relation to decadal large mission STDTs: Standards team is more
descriptive than prescriptive, though by consensus will promote and adopt
common definitions and metrics with STDTs — leverages work of SAG13.

Small team of community experts — will include at least one member of
HabEx and LUVIOR Study Teams. Preliminary membership: R. Morgan
(lead, JPL), B. Macintosh (Stanford, senior scientist), D. Savransky
(Cornell), C. Stark (STScl), R. Belikov (ARC), J. Krist (JPL), TBD (GSFC).



Other Program Updates



Other Program Updates

 NEXxScl: ~140 participants at
2015 Summer workshop

» Next workshop: week of 7/18
“Is there an exoplanet in my
data?”

 Probe Extended Studies —
active through March 2016

— Explore larger-aperture
coronagraphs and further
study of the WFIRST
starshade rendezvous
concept

— Exo-C-ES (K. Cahoy, MIT)
— Ex0-S-ES (S. Seager, MIT)




Program Staffing Updates

« Keith Warfield, JPL, appointed as EXEP Chief Engineer

« Phil Willems, JPL, appointed Project Manager of LBTI and NN-
EXPLORE

« Phil Barela, JPL, appointed as the project manager for the WFIRST-
JPL project (coronagraph, telescope, elements of science center and
IR detector)

 Wes Traub appointed as Project Scientist of the WFIRST-JPL project
« Karl Stapelfeldt starts as EXEP Chief Scientist at JPL on February 1
 GSFC will soon advertise the Exoplanet/Stellar Lab Chief position

* Open advertisement for EXEP Deputy Chief Scientist: https://
jobregister.aas.org/search/node/exoplanet



Astrophysics Division, NASA HQ

Director — Dr. P. Hertz
Deputy Director/Program Director — A. Razzaghi

Exoplanet Prog. Exec. — J. Gagosian
Exoplanet Prog. Sci. — Dr. D. Hudgins

WFIRST Program Executive — J. Gagosian
WFIRST Program Scientist — Dr. D. Benford

Exoplanet Exploration Program

Organization Chart
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Exoplanet Exploration Program Office

Program Manager — Dr. G. Blackwood
Deputy Program Manager - Vacant

Astronomy Physics & Space Technology

Deputy Director for — Dr. D. Coulter

Directorate, JPL

Director for — D. Gallagher

Kepler / Closeout Program Exec — K. Chamberlin
Kepler / K2 Program Executive — J. Hayes
Kepler / K2 Program Scientist — Dr. M. Perez
NExScl, Keck, LBTI Prog. Exec. — Dr. M. Perez
NExScl, Keck, LBTI Prog. Sci. — Dr. H. Hasan
NExScl, Keck, LBTI Deputy Prog. Sci — Dr. K. Sheth
NN-EXPLORE Program Exec/Sci.- Dr. D. Hudgins

Program Chief Scientist — Vacant
Program Chief Technologist — Dr. N. Siegler

ExoPlanet TAC!

7301
Program Science Office

Scientist - Vacant
Dr. G. Bryden (326)

Business Admin. Mgr — R. Lemus (731)
Administrator — O. Pananyan (731)
Project Acquisition Manager — W. Kert (268)
Staff Assistant — K. Miller (731)

Staff Assistant — J. Gregory (731)

731

7303
Program Engineering Office

Program Chief Engineer — K. Warfield
Program Engineer - K. Warfield
Export Tech Lia. — Dr. A. Abramovici (383)
Mission Assurance Manager — J. Mehta

Dr. A. Boss
Carnegie Institution

Exoplanet Probe
STDT - Starshade’

Dr. S. Seager, MIT

Program Business Office

Exoplanet
Probe Extended Study Office

K. Warfield (312)

Exoplanet Probe
STDT - Coronagraph’

Dr. K. Cahoy, MIT

Res

Project Schedule Analyst — G. Luzwick (252)

7312
Business Operations
ource Analyst — L. Scott (252)

Mission Managers / Scientists

Kepler Mission Mgr — |. Heinrichsen (734)
Kepler Mission Sci — Dr. N. Gautier (326)

WFIRST Mission Mgr — |. Heinrichsen (730)

WEFIRST Mission Sci — Vacant

790
NASA Exoplanet Science
Institute (Caltech)

Exec. Director —
Dr. C. Beichman (790)
Deputy Director — Dr. R. Akeson

Kepler (ARC)

Project Manager (Phase E) — C. Sobeck
Project Scientist (Phase E) — Dr. S. Howell
Mission Scientist — Dr. N. Batalha
Guest Observer Office Dir. — Dr. T. Barclay

Manager — Dr. D. Imel

733
Program Technology (JPL)

732
LBTI (Univ. of Arizona)
Manager — Dr. P. Willems, AD (383D)

WFIRST/AFTA Study Office (GSFC

WFIRST/AFTA SDT'

Ground Observatories &
Suborbital Activity (Caltech)

735

NASA-NSF Exoplanet Observational
Research

7302

Program/Project Communications (JPL)

Manager — M. Greene (183)

o : . Study Manager — K. Grady - TBD
Manager — Dr. N. Siegler, AD Principal Investigator — Dr. P. Hinz, U of A ot
(383) Project Scientist — Dr. R. Millan-Gabet, Study Scientist - Dr. N. Gehrels
Caltech
- S

Manager — Dr. D. Imel
Keck Project Scientist —
Dr. R. Akeson

December 9, 2015
R. Lemus

Exoplanet Exploration Program

Manager — Dr. P. Willems, AD (383D)
Proj Scientist — R. Capps (acting)
Massachusetts Institute of Technology Team
Pennsylvania State University Team

Web Manager — R. Jackson
Engagement Specialist — A. Biferno
Writer Editor — P. Brennan
Internet Communications — A. Samuelson

Legend:

Programmatic lines of authority

Interface

706
JPL WFIRST/AFTA Project Office
Project Manager, P. Barela
Project Scientist: Dr W. Traub
Deputy Proj. Scientist: Dr. J. Rhodes
Telescope — B. Parvin (747)

WFIRST/AFTA TAC!

Dr. A. Boss
Carnegie Institution

Coronagraph — Dr. F. Zhao (383)
[Technology — Dr. |. Poberezhskiy (383)
-- Dr. R. Demers (383)
Science Center — Dr. R. Cutri (Caltech)

1Reports to HQs APD




Exoplanet Travel Bureau
Now available at https://thejplstore.com/
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Latest Travel Bureau Poster
Celebrates 20t Anniversary of Discovery of First Exoplanet

GREETINGS FROM YOUR

FIRST EXOPLANET

The fifth poster in the Exoplanet Travel
Bureau series was released on October 20t
in conjunction with the 20t Anniversary
activities

“While there is much debate over which exoplanet
discovery is considered the “first,” one stands out
from the rest. In 1995, scientists discovered 51
Pegasi b, forever changing the way we see the
universe and our place in it. The exoplanet is
about half the mass of Jupiter, with a seemingly
impossible, star-hugging orbit of only 4.2 Earth
days. Not only was it the first planet confirmed to
orbit a sun-like star, it also ushered in a whole
new class of planets called Hot Jupiters: hot
massive planets orbiting closer to their stars than
Mercury. Today, powerful observatories like
NASA’s Kepler space telescope will continue the
hunt of distant planets.”
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1 NASA/ESA Partnership Telescope Interferometer
2 NASA/ESA/CSA Partnership Ground Telescopes with NASA participation

3 CNES/ESA



Jet Propulslon Laboratory
California Institute of Technology
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 This work was carried out at the Jet Propulsion Laboratory, California Institute of
Technology under contract with the National Aeronautics and Space
Administration. © 2016 All rights reserved.

* Work was also carried out at NASA’s:
» Goddard Space Flight Center

* Ames Research Center

» Work was carried out as well under contracts with the National Aeronautics and
Space Administration and:

» Princeton University

* University of Arizona

*  Northrop Grumman Aerospace Systems

* National Optical Astronomy Observatory (NOAO)
 Massachusetts Institute of Technology

* Penn State University



