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The Exoplanet Exploration Program
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The Program Address the Key Questions

Through Science, Advanced Studies, and Technology Development

1. Discovering Planets: How abundant are exoplanets in our Galaxy?
— Radial Velocity
— Transit Photometry ’

2. Characterizing Planets: What are the ( Iarge exoplanets Ilke?

— Transit Spectroscopy
— Direct Imaging
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3. “Pale Blue Dots”. Are the planets habltable? Are there S|gns of life?

— Transit Spectroscopy
— Direct Imaging
High Contrast == >
« Small Inner Working Angle '
» Spectroscopy
+ n_Earth
+ Exozodiacal Dust
* Yield




Accomplishment Highlights since last ExoPAG ~

ExoPlanet Exploration Program

Program Management
— Funded and completed RV completeness study, and 3 supporting science studies
Kepler

— Closeout: completed Q1-12 and Q1-16 activity tables (release notes to NExScl). Reviews
held for schedule baseline and occurrence rates

— K2: Completed Science Campaigns 1 and 2
WFIRST-AFTA

— Completed 5 technology milestones (3 coronagraph, 2 IR detector)

— Significant progress on Mission/WFI/CGI design towards final report and CATE
Probe Studies

— Significant progress on mission design towards final report and CATE
Technology

— Delivered Hybrid Lyot Coronagraph testbed readiness to WFIRST

— Starshade: Completed construction of 60%-scale deployable inner disk

— TDEM-13 selection

NExScl

— Successful Sagan workshop “Imaging Planets and Disks”. Ongoing data ingestion to KOA
LBTI:

— Rebaseline review/recommendation delivered to HQs: 4/16/15 ORR. Reached 24 zodi
performance level during November run



Kepler Closeout

Harvesting the exoplanet yield from the mission

 Already available to Community: Q0-Q16

Pending HQs confirmation of baseline:
« Uniform Processing: Q0-Q17 (9.2)

— Long cadence light curves
— Short cadence light curves
— KOI Catalog
— “Hack Week”

» Final Data processing: Q0-Q17 (9.3)
— Light curves
— KOI Catalog

Dec 2014
Apr 2015
Oct 2015
Oct 2015

Feb 2016
Nov 2016



K2 NRAs and Light Curve Deliveries to Archive

Campaigns

CO0 Target Management and Data Processing

C1 Tamget Management and Data Processing

2 Target Management and Data Processing

C3 Target Managment and Data Processing

15t NRA C4.5 NRA and Proposals

C4 Target Manag and Data Pr ]

C5 Target Manag and Data Pr e

2nd NRA C5-7 NRA and Proposals

C8 Target Management and Data Processing

C7 Tamget Management and Data Processing

3rd NRA C8-8-10 NRA and Proposals

C8 Target Manag and Data P e

€8 Target \

and Data P e

C10 Target Manag a4 Data Processrg

411 NRA C11412413 NRA and Proposals

C11 Target Management and Data Processing

[
ExoPlanet Exploration Program

(baseline pending HQs approval)
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Large Binocular Telescope Interferometer

Measures exozodiacal dust in habitable zones _ _ ,
University of Arizona

P. Hinz, PI

LBTI Performance

Spitzer / IRS

February 2014

March 2014

Sp't er / MIPS Nov 2014

Herschel / PACS N P LBTI

—_— I

* 24 zodi (one sigma) achieved during November 2014 run

« LBTI will characterize the exo-zodiacal dust emissions of 50 target
stars in mid-IR to a level of 3 - 6 zodi (one sigma)




WFIRST/AFTA Status %
m

ExoPlanet Exploration Program

> L2 vs Geo trade underway

> Baseline plan completed for optical
verification testing

> WEI design models being updated and
preliminary assessments have begun.

> Element wheel / F2 actuated mount risk
reduction effort underway

> Nearing completion of final report (1/31)
and inputs to Aerospace CATE

> Completed technology milestones: 3
coronagraph, 2 infrared detector

C. Peddie
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WFIRST WFI Status NFIRST

STATUS AS OF: 12-8-14

(d WFI design models being updated and preliminary assessments have begun
(1 Optics - New Optics lead on board, welcome Cathy Marx
[ Stray light and thermal emission analysis report issued

( Completed opto-mechanical layout including IFU

[ Band pass filters — received substrates, characterization to begin imminently

(1 Grism — test grating samples demonstrated 90-94% at 630nm (desired efficiency 90% at 630nm)

Grism mechanical design
&mounting ring in fabrication

Grating samples testing in

Grating samples GSFC Bldg 5

Grism layout and procured substrates

C. Peddie




WFIRST-AFTA Detector .
Technology Milestones

WIDE-FIELD INFRARED SURVEY TELESCOPE

ASTROPHYSICS *» DARK ENERGY * EXOPLANETS

W HESGLE

Date

arrays to document baseline performance, inter-pixel capacitance, and shall meet the 7/31/14
following derived requirements: dark current less than 0.1 e-/pixel/sec, CDS noise less than 20

e-, and QE greater than 60% (owver the bandpass of the WFI channel) at nominal operating

temperature.

J Produce, test, and anglyze 1 additional candidate passivation technique (PV3) in banded
2 £ 3

J Produce, test, and analyze 2 candidate passivation techniques (PV1 and PV2) in banded
1

arrays to document baseline performance, inter-pixel capacitance, and shall meet the 12/30/14
following derived requirements: dark current less than 0.1 e-/pixel/sec, CDS noise less than 20

e-, and QE greater than 60% (over the bandpass of the WFI channel) at nominal operating
temperature.

Produce, test, and analyze full arrays with operability > 95% and shall meet the following

3 derived requirements: dark current less than 0.1 e-/pixel/sec, CDS noise less than 20 e-, QF 9/15/15
greater than 60% (over the bandpass of the WFI channel) , inter-pixel capacitance <3% in
nearest-neighbor pixels at nominal operating temperature.

4 Produce, test, and analyze final selected recipe in full arrays demonstrating a yield of > 20%
with operability > 95% and shall meet the following derived requirements: dark current less
than 0.1 e-/pixel/sec, CDS noise less than 20 e-, QE greater than 60% (over the bandpass of the 9/15/16
WFI channel) , inter-pixel capacitance 3% in nearest-neighbor pixels, persistence less than
0.1% of full well illumination after 150 sec at nominal operating temperature.

5 Complete environmental testing (vibration, radiation, thermal cycling) of one SCA sample
part, as per NASA test standards.

*pending HQs acceptance of TAC recommendation

12/1/16



. Milestone 2 Performance
"lqknrements Have Been Met

WIDE-FIELD INFRARED JURVEY TELESCODE . "'\’*\
ASTROPHYSICS * DARK ENERGY * EXOPLANETS ¢ .

Milestone
Date

J Produce, test, and anzlyze 1 additional candidate passivation technique (PV3) in banded
2 * NTECa

arrays to document baseline performance, inter-pixel capacitance, and shall meet the 12/30/14

following derived requirements: dark current less than 0.1 e-/pixel/sec, CDS noise less than 20
e-, and QE greater than 60% (over the bandpass of the WFI channel) at nominal operating
temperature.

The Band 1 pixel design exhibits the best performance across the 4 PV3
SCAs tested in the DCL and exceeds the milestone requirements by a

significant margin.

— Other bands (3, 4) also show good performance; preliminary recommendation of band 1
folds in yield considerations as well as performance

— PV3 shows significant improvement in persistence (roughly 0.1% after 180sec vs 0.3%

for PV2a)
Milestone value  PV3 result
Median Dark Current (e-/pix/sec) <0.1 0.007
Median CDS Noise (e- rms) <20 17
Median QE (%) >60 >90 C. Peddie .

*nending HO< accebtance of TAC recommendation



WFIRST Coronagraph Progress E

ExoPlanet Exploration Program

e Excellent progress on technology milestones
— Three completed ahead of schedule
— Progress underway on next three

e Coronagraph flight design
— Satisfies current mission resource constraints
— Not driving the mission design

e Physics-based models are predicting compelling science

e SDT actively engaged with coronagraph engineers through several
workshops to address complexity, risk, performance

12



&7 Coronagraph Key Milestones

First-generation reflective Shaped Pupil apodizing mask has been fabricated with black silicon specular
5 1

reflectivity of less than 10-3 and 20 um pixel size. ez
Shaped Pupil Coronagraph in the High Contrast Imaging Testbed demonstrates 10-8 raw contrast with 9/30/14
2 narrowband light at 550 nm in a static environment.
3 4 First-generation PIAACMC focal plane phase mask with at least 12 concentric rings has been fabricated and 12/15/14
characterized; results are consistent with model predictions of 10-® raw contrast with 10% broadband light
centered at 550 nm.
Hybrid Lyot Coronagraph in the High Contrast Imaging Testbed demonstrates 10-® raw contrast with narrowband 2/28/15
4 g light at 550 nm in a static environment.
4 Occulting Mask Coronagraph in the High Contrast Imaging Testbed demonstrates 108 raw contrast with 10% 9/15/15
5 broadband light centered at 550 nm in a static environment.
6 & Low Order Wavefront Sensing and Control subsystem provides pointing jitter sensing better than 0.4 mas and 9/30/15
meets pointing and low order wavefront drift control requirements.
7 Spectrograph detector and read-out electronics are demonstrated to have dark current less than 0.001 e/pix/s
. ) 8/25/16
and read noise less than 1 e/pix/frame.
8 PIAACMC coronagraph in the High Contrast Imaging Testbed demonstrates 108 raw contrast with 10% 9/30/16
broadband light centered at 550 nm in a static environment; contrast sensitivity to pointing and focus is
characterized.
Occulting Mask Coronagraph in the High Contrast Imaging Testbed demonstrates 108 raw contrast with 10% 9/30/16

9 broadband light centered at 550 nm in a simulated dynamic environment.

*pending HQs acceptance of TAC recommendation .



WFIRST Coronagraph: OMC Technology Development g

ExoPlanet Exploration Program

Occulting Mask Coronagraph = Shaped Pupil + Hybrid Lyot

Shaped Pupil Mode

« Reflective pupil mask (Black Si on Al mirror coating) fabricated and
characterized: passed Milestone 1

« High contrast demonstrated in SPC testbed: passed Milestone 2

Contrast vs. radius
averaged over 1 \/D width annuli

550 nm, 2% BW
Mean cont. ~6x10-°

Hybrid Lyot Mode

«  Circular focal plane occulting mask
fabricated and characterized

« HLC testbed commissioned and
performing nulling runs toward
Milestone 4 due 2/28/2015
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NFIRST |

PIAA / CMC: Technology
Milestone #3

i
|
Az,

characterized; results are consistent with model predictions of 10 raw contrast with 10% broadband light

J 3 , First-generation PIAACMC focal plane phase mask with at least 12 concentric rings has been fabricated and
centered at 550 nm.

AFTAGEM2 MDLSAMPLING.MEK height (urr): max = 0.6112 um, picel size = 4.2x0.2 um
150

L g o3
- b m)
; // 10
ZeMapper Profilometer
PIAACMC 2" run measurements
15

O. Guyon



@/ WEFIRST/AFTA: Spectrometer
For Coronagraph

-
—

LENSLETS LENSLET FOCUS DISPERSED LENSLET IMAGES EXTRACTED DATA CUBE

Test-bed IFS (PISCES) provided by GSFC
1. Will be integrated into High Contrast Imaging Test-bed (JPL) in FY15
2. Detector: 1Kx1K format, 13 micron pixels

3.  Will be used to demonstrate planet spectroscopy and to develop post
processing software

CCD201 can be operated in three modes: Flight Qualification planned:
1. Conventional CCD (unity gain) 1. Radiation degradation
2. EMCCD (analog gain) (DDD & TID)

3. EMCCD (photon counting) 2. Thermal cycling

16
M. McElwain, R. Demers



WFIRST Coronagraph images cool gas and ice giants

® self-luminous planets
O known RV planets
e Solar System planets

—
GPI GPI(50,1—hr) \ HST
\ -_
S g JWST
S NI ] 16
e N 3
9 go
WFIRST L ©
) O o =
() 8 @
= (1]
© HLC(50,16—hr) O O 3
- ~\ & g
- o OO
New Worlds - ~ Jupiter
Telescope

Uranus
]

Angular Separation (arcsec)

W. Traub



Program Science: Studies in support of WFIRST/AFTA %
and Probes .

ExoPlanet Exploration Program

e RV completeness of the likely candidate stars for WFIRST and the
Probes. Andrew Howard (University of Hawaii)

http://exep.jpl.nasa.gov/reportsAndDocuments/completenessStudy/

Quick Studies provided to each S(T)DT:

— Detection and Characterization of Circumstellar Material with an AFTA
or EXO-C/S CGI. Glenn Schneider (UofA)

— A Quick Study of the Characterization of Radial Velocity Giant Planets
in Reflected Light by Forward and Inverse Modeling. Mark Marley et
al (ARC, STScl, UC Santa Cruz)

— Scientific Return of Coronagraphic Exoplanet Imaging and
Spectroscopy Using WFIRST. Adam Burrows (Princeton University)

— Ammonia, Water Clouds and Methane Abundances of Giant
Exoplanets and Opportunities for Super-Earth Exoplanets. Renyu Hu,
(Hubble Fellow, JPL)

18



T
U \/ National Aeronautics and

Space Administration

N / s T@ChNoOlogy Needs and Priorities
/\ _ P Pasadena, California
* Quantified, prioritized technology gaps (needs, capabilities)
drive investment solicited through SAT / ROSES / TDEM
Science Capability Needed Technology Gaps

Goal Technologies

Spectroscopy starlight Coronagraph Technology Gap
Detection  of light from suppression List
of life direct exo- (internal and
planet external Starshade Technology Gap List
imaging occulters)

Read more at http://exep.jpl.nasa.gov/technology

19



Technology Progress Through TDEM

09.01.12
09.01.04
GSFC/HQ
09.01.16
09.01.03
09.01.03
GSFC/HQ

09.01.08
GSFC

10.34
10.33
non-TDEM
10.35
10.31
10.41
HQ
HQ
10.29
GSFC

HQ
HQ

NICKNAME

Speckle measurement algorithms & Pin-Hole Method
aklan

Hybrid Lyot Masks, broad-band starlight suppression

Guyon PIAA Low-order WF Sensor

Kasdin Starshade petal manufacturing

Krist Efficient Coronagraph Modeling (MS #1)

Krist Efficient Coronagraph Modeling (MS #2)

Figer Avalanche Photo-diode arrays, radiation testing
Guyon PIAA, monochromatic suppression

Clampin/Lyon Visible Nulling Coronagraph

SAT/TDEM 2010

Serabyn Vector Vortex Masks, starlight suppression in HCIT
Sandhu . Visible Nulling Coronagraph, starlight suppression
Schneider EXCEDE (Explorer supported)
Shaklan . TPF-C MS #3A, Lyot Mask model sensitivity validation
Kasdin Starshade deployment demonstration
Kasdin 2 DMs starlight suppression
Bierden . MEMS deformable mirrors
Helmbrecht . Testing of MEMS DMs
Guyon PIAA, broadband starlight suppression
Lyon . Visible Nulling Coronagraph broadband testing
SAT/TDEM 2012
Casement Starshade edge scattering

Glassman Omical Model Validation "Field Test"

Optical and Mechanical Verification of External Occulter
SAT/TDEM 2013
SAT/TDEM 2014

Kasdin

Mid-IR Interferometric planet detection, instability noise

ExoPlanet Exploration Program

TECHNOLOGY PLAN S ;
Technology Plan Appendix: 2013 _ pians an
(Preliminary) final reports posted

at exep.jpl.nasa.gov

IPL Document D-81562

-]

Exoplanet Exploration Program
Technology Plan

Appendix: 2013

prospve—

e Lo sy
s e s Tty
Pasadons Cabiornta

21 jamuary 2014

ExoTAC

Alan Boss, Carnegie Institute for Science

Rebecca Oppenheimer, American Museum of Natural History
Joe Pitman, Exploration Sciences

Lisa Poyneer, Lawrence Livermore National Laboratory

Stephen Ridgway, National Optical Astronomy Observatory

Completed @ Completed since last ExoPAG
Will complete FY15
Planned complete > FY15

SAT 2014: amendment released 12/16/14
SAT 2014 solicitation briefing: 1/20/15
Proposals due: 3/20/15

20



Technology Accomplishments and Status (cont’d) m
ExoPlanet Exploration Program
* Four TDEM-13 Awardees:

— Rick Lyon (NASA GSFC): Segmented Aperture Nulling Coronagraphy (Coronagraph
Technology Gap #1)

— Jeremy Kasdin (Princeton University): Formation Flying for External Occulters (Starshade
Technology Gap #5).

— Webster Cash (Colorado University): Development of Formation Flying Sensors (Starshade
Technology Gap #5)

— Eduardo Bendek (NASA Ames): Enhanced Direct Imaging Exoplanet Detection with
Astrometric Mass Determination.

e Suzi Casement’s TDEM-12 (Starshade Edge Scattering) Milestone Definition Report was
approved by the Exo-TAC. (Starshade Technology Gap #1)

e Preliminary designs, model predictions, and error budgets have been completed for the HCIT
Modelable Coronagraph Bench. (Coronagraph Technology Gap #3)

21
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Technology Accomplishments and Status (cont’d)

ExoPlanet Exploration Program

e Starshade demonstrations by NGAS (TDEM-12 Pl Glassman) concluded their second
testing campaign in the Nevada desert. (Starshade Technology Gap #2)
— Several sets of 58 cm starshades (each with intentional defects added for model validation
studies) were tested.
— Results are being analyzed and will be compared to model predictions.

Credit: NGAS 22



Desert Testing of Starshades

L) -

1CCOE

200 400 520 200 1000 <200 1400

S. Warwick, Northrop Grumman



Starshade Deployment Testbed .

ExoPlanet Exploration Program

= Starshade Technology

* The 10m half-scale inner disk is shown in full deployment in Bldg 299 at JPL along with its

gravity compensation fixtures. The petals are only for physical demonstration. (Starshade
Technology Gap #3)

* This facility is now available for technology demonstrations by all selected PI’s in behalf of the
Exoplanet Program (EXEP). N. Siegler



Early Starshade Deployment Trial at JPL (Front View) g

- Sta rShade TECh nOIOgy ExoPlanet Exploration Program




Probe Studies %

ExoPlanet Exploration Program

N\ /.;'/4 Exo-S: Starshade Probe-Class
§ =
-] y = o == Exoplanet Direct Imaging Mission Concept
’:g .i: Interim Report
. Z \<
U T

- IMAGING NE/

EXOPLANET C
oonommm
MISSION STUDY "E

SCIENCE s TEOHNDLOGY D
A0 THE E2o-C DESIGN TEAW

INTERIM REPORT, MARCH 2014 ~ . C1214.1548



Exo-C: Probe Coronagraph %

I ExoPlanet Exploration Program

Simulated 6-hr
exposure of Altair:
Jupiter analogs at 5 and
10 AU are readily
detected, along with a 1
zodi dust belt between
2-4 AU.

Exoplanet search
space for Exo-C with
the Hybrid Lyot
Coronagraph.

150

B Jupiter

B Saturn

100

B Neptune

M SEarth

Number of Stars where Detectable
50

5 10

Star—Planet Physical Separation (AU)

K. Stapelfeldt et al

27



Exo-S: Probe Starshade ™

ExoPlanet Exploration Program

Stowed
a

Petals unfurl

(S

\ Deployed truss latches up k
Unfurled petals
latch to truss
y Truss deploys

Launch
Configuration

Oulput Set: MSCINASTRAN Case 1
Animate(0.0000569): Total Transiation
rrrrrrrrrrrrrrrrrrrrr

S. Seager et al,,



Starshade for a 2.4m telescope

Primary bandpass: 600 — 850 nm
Raw contrast: 1 x 10-1°

IWA: 100 milliarcsec

2.4 meter telescope

29



Example of Science from Starshade with 2.4m
telescope

. . Simulated image of Beta CVn
Observe 52 stars in 2 plus solar system planets

years (8.44 pc, GOV)

* 13 known exoplanets
Earth

« 19 HZ targets. Expect l * Jupiter
~ 2 Earths or Super- venus S
Earths

 (Can detect sub- e
Neptunes to Jupiters Hypothetical dust galaxg)j/
ring at 15 AU
around all HZ targets
and 20 additional stars Image credit: M. Kuchner

Saturn




Probe Follow-On Studies m

ExoPlanet Exploration Program

e Explore variations in parameter space (science, cost, TRL)
beginning with perturbations to the Probe design and cost
points

e Will help inform potential decadal study concept studies on the
critical design and science sensitivities for starshade and
coronagraph concepts

e Maintain two existing STDTs and a small study team

e Will review priorities with STDTs and APD during PPBE process,
after final reports are briefed to national committees in April

31



Exoplanet Exploration Program

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 — L. LaPiana
WFIRST Program Scientist — Dr. D. Benford
Kepler Program Executive — J. Gagosian
Kepler Program Scientist — Dr. D. Wallace
NExScl, Keck, LBTI Prog. Exec. — Dr. M. Perez
NExScl, Keck, LBTI Prog. Sci. — Dr. H. Hasan

Organization Chart

730

Exoplanet Exploration Program Office

Program Manager — Dr. G. Blackwood
Deputy Program Manager - Vacant
Program Chief Scientist — Dr. W. Traub (3200)
Program Technologist — Vacant

ExoPlanet Exploration Program

Astronomy Physics & Space Technology
Directorate, JPL

Director for — D. Gallagher
Deputy Director for — Dr. D. Coulter

ExoPlanet TAC'

7301
Program Science Office

Scientist - Dr. S. Unwin (312)
AFTA - Dr. D. Stern (326)
AFTA - Dr. G. Bryden (326)

7303
Program Engineering Office

Manager - Vacant

Dr. A. Boss
Carnegie Institute

Exoplanet Probe
STDT - Starshade’

7304
Program Business Office

Manager — Vacant
Resource Analyst — L. Scott (252)

Export Tech Lia. — Dr. A. Abramovici (383)
Administrator — O. Pananyan (720)
Project Schedule Analyst — K. McClane (252)

Staff Assistant — K. Miller (730)
Staff Assistant - M. Rubio (730)

Exoplanet Probe
Study Office

K. Warfield (312)

Dr. S. Seager, MIT

Exoplanet Probe
STDT - Coronagraph’

Mission Managers / Scientists

Kepler Mission Mgr — I. Heinrichsen (734)
Kepler Mission Sci — Dr. N. Gautier (326)
WFIRST Mission Mgr — |. Heinrichsen (730)
WFIRST Mission Sci — Dr. S. Unwin (312)

Dr. K. Stapelfeldt, GSFC

790
NASA Exoplanet Science
Institute (Caltech)

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

Ground Observatories &
Suborbital Activity (Caltech)

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

December 11, 2014
G. Blackwood
Exoplanet Exploration Program

Kepler (ARC) 733 2 WFIRST/AFTA Study Office WFIRST/AFTA SDT!
Program Technology LBTI (Univ. of Arizona) (GSFC) Prof D. Spergel
Project Manager (Phase E) — C. Sobeck (JPL) Manager — Dr. M. Jeganathan (383) - Princeton University
Project Scientist (Phase E) — Dr. S. Howel Princlipal In\{est!gator —Dr. P‘. Hinz, U of A Study M _K. Grad Dr. N. Gehrels
Science Pl — W. Borucki Manager — Dr. N. Siegler (383) Project Sc'ent'sé_l?r'f' Millan-Gabet, Stud; gciei:;:?flbr. N. (;:h}r/els GSFC
altecl
|
[ ]
7302 747 WFIRST/AFTA TAC
Program Education & .
Public Outreach (JPL) JPL WFleT/.AFTA Project
Office Dr. A. Boss

EPO Manager — M. Greene (183)
Web Manager — R. Jackson
Web Editor — J. Rodriguez
EPO Coordinator — A. Biferno

Project Manager, B. Parvin , AD
Project Scientist: vacant
Telescope — B. Parvin (747)
Coronagraph — Dr. F. Zhao (383)
Technology — Dr. |. Poberezhskiy (383)
-- Dr. R. Demers (383)
Science Center — Dr. R. Cutri (Caltech)

Carnegie Institute

1Reports to HQs APD
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EXEP Program Chief Scientist: Job Opening E

e Wes Traub appointed by JPL as the JPL WFIRST/AFTA Project Scientist
e EXEP PCS position is at JPL, Pasadena CA, for the NASA Astrophysics Division
e Job responsibilities include:
— Scientific oversight of the various projects within ExEP;
— Support of NASA HQ in programmatic and scientific matters within ExEP;
— Reporting to NASA science advisory bodies and science communities;

— Support of the NASA HQ Lead Program Scientist in liaison activities with the
science community;

— Open and frequent communications with the scientists at NExScl, JPL, and the
national and international science community

e |f you are interested in making a difference in exoplanet science and missions at
the program level, please see Gary Blackwood (Program Manager) or Doug
Hudgins (Program Scientist)

e Information available at http://exep.jpl.nasa.gov.

ExoPlanet Exploration Program
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Jan 31, 2015

Feb 26, 2015
Feb 12-13
Summer 2015
CY15:

April 16 2015:
CY15:
Autumn 2015:

At this AAS:

Looking Ahead %
S

ExoPlanet Exploration Program

WFIRST/AFTA SDT Final Report
Probe Studies Final Reports

Aerospace CATE on WFRIST/AFTA and Probes
LOWFSC & Point-Spread Function Meeting (JPL)
Sagan Workshop: “Exoplanetary System Demographics”

Planning for placement of Eyes on Exoplanets at the National Air
& Space Museum in Washington DC.

LBTI Operational Readiness Review
Continuation of two probes STDTs and small study team.

Engage Industry and Academia further in exoplanet technology:
an Exoplanet Technology Group (ExoTech), possibly as a session
within existing Mirror Days.

- Poster sessions on WFIRST Technology, Probe Studies, LUVOIR
- Many Oral presentations
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NASA/NSF Partnership for Exoplanet Research

Extreme Precision Doppler Spectrometer

« Scope:

— Exoplanet-targeted Guest Observer program
with existing instrumentation on WIYN using

NOAO share (40%) of telescope time

— Solicitation for facility-class extreme precision
radial velocity spectrometer for WIYN telescope
(commissioning goal: 2018)

 Motivation

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

— Pathfinder observations inform design/operation
of future missions

* AntiCipated Timeline: 3.5m WIYN Telescope
— Early Dec 2014: community announcement i'rtltzsr?:k National Observatory

— Jan 2015;: amendment to ROSES 2014 NRA



Extreme Precision Doppler Spectrometer
Information / FAQs: http://exep.jpl.nasa.gov/epds

Extreme Precision Doppler Spectrometer

NEE BNE

Community Announcement of Intent to release an Extreme Precision Doppler
Spectrometer Call for Proposals

Announce ﬂvntuflR—
in, Indiana, Yale and

Fuunua
in order to validate anl* "h’;!f’:!l"lﬂrl_e
the establishmen
(PLORE) pannﬂr_hlp will tz

rdance with
orthe

identified a funding lf]ﬂtlltallﬁg
018, although the final budget and funding profile will be determined aft

solicitation

Telephone: 202
E-mail: Douglas




UPDATE

NASA and ESA

Exoplanet Exploration: A Decade Horizon

efforts

&

Nl

ExoPlanet Exploration Program

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Fiscal Year
| |
Kepler ExXEP
Other NASA
Keck SA Single Aperture Science
ESA
Great | Spitzler >
Observatory HST >
Science
| JWST - MIRI, NIRCAM
Explorer Science | TESS >
GAIA >
European Science
| CHEOPS PLATO
ORR
LTI
Mid-decade 2020 Decadal
Review Survey
-
WEFIRST-AFTA “ Pre Ph A Formulation Implementation ’
Concept ; 4 e
Report Astrophysics Decadal Strategic Mission
Technology SAT+Directed SAT+Directed NWNH Mission-Focused
Concept
Exoplanet Report
Coronagraph Probe : -
New Worlds Exoplanet Decadal Preparation NWNH Exoplanet Mission
Mission Starshade Probe Concept
Report

Operating missions shown for approved Phase F.
Others as approved in APD budget plan.
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