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WIDE-FIELD INFRARED SURVEY TELESCOPE
DARK ENERGY *» EXOPLANETS s ASTROPHYSICS

» WFIRST highest ranked large space missionin 2010 Decadal
Survey

= Study Dark Energy, Exoplanet Census, NIR Sky Survey

» Use of 2.4m telescope enables
= Hubble quality imaging over 100x more sky
= |maging of exoplanets with 10~ contrast with a coronagraph

Dark Energy Exoplanets Astrophysics

O

Microlensing Coronagraph HST WFIRST




Hubble - A Spectacular Start

The Hubble Ultra Deep Field
seeing the Universe, 10,000
galaxies at a time

A WFIRST Deep Field
A New Window on the Universe - 1,000,000 galaxies at a time
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* Produce Hubble quality infrared sky images and spectra over 1000's of square
degrees of sky

 Determine the expansion history of the Universe and the growth history of its
largest structures in order to test possible explanations of its apparent
accelerating expansion including Dark Energy and modifications to Einstein's

gravity.

 Complete the statistical census of planetary systems in the Galaxy, from the outer
habitable zone to free floating planets

* Directly image giant planets and debris disks from habitable zones to beyond the
ice lines and characterize their physical properties.

* Provide a robust guest observer program utilizing a minimum of 25% of the time
over the 6 year baseline mission and 100% competed in following years.
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Wide Field Instrument
* Imaging & spectroscopy over 1000s of sq. deg.
* Monitoring of SN and microlensing fields

* Near infrared bandpass
* Field of view 100 x HST and JWST

18 H4RG detectors (288 Mpixels)

Coronagraph

 Image and spectra of exoplanets from

super-Earths to giants
* Images of debris disks
* Visible bandpass

 Contrast of 10° or better

* Exoplanet images from 0.1 to 1.0 arcsec
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* WFIRST combines all WFIRST Probes of Expansion and Growth

° - 80 T T T T T T T T T T T T
techniques to determine ' Supernova Distances | -
the nature of Dark Energy. I Galaxy BAO Distances |
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» WFIRST will be the first
mission to fully exploit
the powerful IR band for
dark energy
measurements.

» It will be much more
sensitive and have higher
angular resolution than
any other dark energy
iInstrument.
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WEFIRST

complements
Kepler, TESS,
Plato

M. Perry
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* |Imaging at high contrast provides for direct detection
and spectroscopy (characterization) of exoplanets

Concept WFIRST Simulation
planet A inner working angle
dust disk

planet B

Greene 2015
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GO Science: 25% of WFIRST observing time in first 6 years and
100% open competition in years 6+

« Example: WFIRST’s HLS will yield up to 2 orders of magnitude more high
redshift galaxies than currently known
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600 500 400 300

mag < 26.75 (WFIRST-2.4 50) |1
Bl mag <26 (WFIRST-2.4 100) |]

b
o

(=)
/4

=
o
w

mag < 26: lensed
mag < 26: field
—e— Current candidates (HST+SST) [

-
o
I

1000

100

Cumulative (> z) Galaxies (2000 degz)
=
vO

Postman & Coe

8 9 10 11 12 13 14 15
SDT Report 2015 Redshift z L4



cvnt\- -

wr=|W5T

WFIRS‘I'

WIDE-FIELD INFRARED SURVEY TELESCOPE
DARK ENERGY *» EXOPLANETS s ASTROPHYSICS

Name

Neil Gehrels, Chair

David Spergel, Deputy Chair
Jeremy Kasdin, Deputy Chair
Dominic Benford, ex officio
Dave Bennett

Ken Carpenter, ex officio
Roc Cutri, ex officio

Olivier Doré

Ryan Foley

Scott Gaudi

ChrisHirata

Jason Kalirai

Jeff Kruk, ex officio

Nikole Lewis

Bruce Maclntosh

Roeland van derMarel, ex officio
S. Perlmutter

James Rhoads

Jason Rhodes, ex officio
AkiRoberge

Brant Robertson
AlexanderSzalay

Wes Traub, ex officio
Maggie Turnbull

Yun Wang

David Weinberg

Benjamin Williams

Affiliation
NASA/GSFC
Princeton University
Princeton University
NASA/HQ
UMBC & GSFC
NASA/GSFC
IPAC

NASA/JPL

ulucC

Ohio State U.
Ohio State U.
JHU & STScl
NASA/GSFC
STScl

Stanford

STScl
UCBerkeley
Arizona State
NASA/JPL
NASA/GSFC
UCSanta Cruz
Johns Hopkins
NASA/JPL

GSI & SETI
Caltech/IPAC
Ohio State Univ.

U. Washington, Seattle

Role

Project Scientist

WEFI Adjutant Scientist
CGl Adjutant Scientist
Program Scientist

Microlensing
Projectscience
Sciencecenter
Cosmology: GRS+WL
Supernova Cosmology
Microlensing
Cosmology: WL

Gl/GO - Galacticscience
Projectscience
Coronagraph
Coronagraph
Sciencecenter
Supernova Cosmology
GI/GO - Cosmic Dawn
Projectscience
Coronagraph

Gl/GO - Galaxy evolution
Gl/GO- Archival science
Projectscience
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207 Members on selected WFIRST Science Investigation Teams!

Aldeiing, Gieg Ciad DavidR Freedman\Wend) L Howel, Andy Law DavidR Mellema, Garelt RavindandhSwaa Seth, Anil Thomas, RolnC
Anderson, Abetlay Connolly, Andew Fieman, Jshua Hsiao, Eic Y Lemson, Gaad Menaid, Bice Rejkuba, Maina ShaklanStiatB. Trauger jomlery
Baltay, Crarles Conoy, Chatie Fruchter, ArdiewS. Hu,Renyu Levesqe EnilyM MillanCabet, Refzel Rest, Amin Shapio, Charks Tumlinson, hson
Babary, Kyle CinojevicDeria FuhnetoSevn R Huckon, Michael) Lewss NkoleK Miyatake Hiono Rhoack JanresE Shapley,AlceE Turbul, MagieC
Batalha, Natle Dalcantonjulame Gaudi, Scot Jain, Bhuvneh Line, Michad Roleit Monachesj Antoreh Riess, Adam ShetTilvj Vithd VanDyk, Schuyler
Bean, Ractel Dawson, Rebeleh lere Ceha, Malla JangCondd|Hamah Lu, Jessi@R Motey, CaiolneV Robeige, Aki Shvatzald Yosi vonderLirdenAnp
BeichmanChares A Debes, JohnHenry Giardli, Leo Jansen, RofA Lupton, Robet Nataf, David Robertson, Bart Simon, AmyA Walker Mathew
Bell, Eic F Deustua, SusanakE Coldblatt, Cdin Javis, Miched Lupu, RoxanaE Newman, Jefiey A Robinson, TyleD Smith, KendickM Wang, Lin
Benson, Andew) Dickinson, MakE. Codon, KailD Jensen, Hames Macintosh,Buce Nugent, Peer Rodhey, SevenA Snyder, GegoyF Wang, Yun
bohlin, rlphc Dolphin, Andy Could, Andew Jha, SaurbhwW Madau, Peo Padmanabhan, Nikhl Rogers, LedieA Soummer, Rami Wechsler Rea
Boktio, AbatoD Do, OlivierP Geene JerryE Johnson,LC MachusuchanNidu Papovich Giey) RomanDwvaljula Spatks, Wilam B Weirbeig, DavilH
Boyer, Matthal_ Dessler Aln Gieene, Thomas Johnston, KahiynV Malhotia, Sangeeta Peek, Johua Rosenfield Phlip Spergel, DavidN Wheeler (0alRoe
Baganca,ViridusM Duchene, Gespad Goff TylerD Juric, Mario Mandel, KaieyS Penarubia Jog> Rozo, Eduado Stark, ChridophaC Wheeler)Ciaig
Byden, Ceoffiey Dvokin, Coa Cuhathakurtg Riggia Kaliai, Jason Mandebaum, Rahd Penny, Mathen T Rubin, David Stark, Danid White, Richad L
Budavar, Tanas Eifler, Tim Fedbrk Heap, Sally Kane, StephenR Mandell, AvM Petmutier, Sau Sako,Masio Stassun, Kehan Williams, BenjaminF
Bullock, James Fall, Michad Heitmann, Kain Kasdin Jermy Marey, MakS Perin, Maishal D Sales, lavaV Stader jay Willman, Beh
Bumns, Christogher Fan, Xaohui Helou, Geoge Kelly, Patick Maiois, Chiistan Phillips, MarkM Samushig lach Stolger, LauisGegay Winchosst, RogarA.
Burovs, AdamSeh FeigusonHenyC Henderson, GabnB Kessler Richard Marone, Dan Poleski Rackk Sand, Davil Stubbs, Chisigpher Wold kakG
Cahoy, Keri Filippento, Alexe Hnz, Philip Kessling, Alira Mattin,Ncolas Portoppiden, Kats Sandesson RobynE SunizeffNchoks WoodVaseyMictad
CalchiNovatj Setagiano Finkelsten Seven L Hiata, Chisigoher Kim, Alex McConnachie Aan Postrman, Mac Sandstom, KarinM Szalay Abarde Woosley, Sn
Capak, Rigr Foley, Ryan) Ho, Shiley Kishner, Robert McEmain, Micheel Pice\Whelan, Adtian Saviansky,Dmitry TakadaMasihio Yee, JennierC
Carey, Senjoeph FoemanVadkey, Denid Hounsell, Reeleh Kiause, Elialeh McQynn, Thonas Pueyo, Lauent Scolnic, Den Tepliz, Haryl Yoshica, Naoki
Chaname)uio Fotney, Jowthan) Howaid, Andiew Lang, Dustn Meixner, Maiget Rabinowitz, David Seiffer, Micheel Thakar, AriucthaR Zackiisson Erik
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Key Decision Point A (KDP-A) completed — February 17, 2016.
— Phase A to run until KDP-B in October 2017

WHFIRST technology (Coronagraph and IR detectors) continue to make excellent
progress. All HQ milestones successfully completed.

* President’s Budget Request for FY17 has 90M from SMD and 10M from STMD.
Augmented funding (FY14-16, 203M) has enabled significant mission progress.

— Technology maturation.
— Increased fidelity in the design reference.

* WHFIRST is Category 1 project — Agency Program Management Council (APMC)

*  WHFIRST designated Class B mission (NPR 8705.4); Coronagraph technology
demonstration is designated as Class C.

* L2 orbit (current baseline) launched from Eastern Test Range (ETR).
* 6 Y year mission life.
* Modular spacecraft and instrument design to facilitate robotic servicing.

WHFIRST part of Exoplanet Exploration Program (ExEP).
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 Wide Field concept study RFP released Jan 4. Recently awarded concept studies
for the Wide Field Optical Mechanical Assembly (WOMA) to Ball and Lockheed.

* Upcoming Project reviews
— Acquisition Strategy Meeting (ASM) July 21, 2016
— System Requirements Rev, Mission Definition Rev (SRR/MDR) June 1, 2017
— Key Decision Point— B (KDP-B) October 2, 2017

* Presentations to NASA committees
— Mid-Decadal Review panel multiple times in 2015, written input 2015-16
— NASA Advisory Committee for science (NAC) March 10, 2016
— Astrophysics Subcommittee (APS) March 14,2016
— Space Studies Board (SSB) April 27,2016
— FarIR large mission STDT May 13,2016

* Science Investigation Teams selection made December 17, 2015.

*  WEFIRST Formulation Science Working Group formed and meeting regularly. Plus
numerous working groups with weekly telecons.

- FSWG#1, Maryland February 2-4,2016
- FSWG#2, PasadenaJune 13-15, 2016
— FSWG#3, Maryland October 5-7,2016
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e Significant foreign interest in contributing to WFIRST
— Canada: industry studies of IFU and calibration system
— ESA: Proposals recently submitted for FSWG members, possible hardware
— Japan: Agency discussion concerning Subaru, ground station, coronagraph

 Hardwaredesign and development is on track by dedicated and growing Project
teams at GSFC and JPL, and at Harris telescope contractor
— detectors
— coronagraph
— grism
— telescope structure, baffling, mirror characterization
— overall mission design

* Current plan for science operations in Phase E
e Qversight, mission operations and instrument operations at GSFC & JPL

» Science center functions shared by IPAC/Caltech and STScl
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* Wide Field Instrument (WFI)— GSFC/Industry
— Wide-field imaging and spectroscopy in
support of the dark energy surveys and
the microlensing survey.

— Integral field spectroscopy in support of
the supernova survey and weak lensing
photometric redshift calibrations.

— Guide star data for observatory fine
pointing.

— Developed in partnership with industry.
RFP studies underway by Ball and . =1
Lockheed. =" -

 Coronagraph Instrument (CGl) - JPL 4.'M_'_; —

— Provides high contrast imaging and .E ‘#.f;,} = | [/u
integral field spectroscopy in support of Pz =
exoplanet and debris disk science. T

20
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 WEFIRST mission life-cycle cost was updated for MCR design configuration
and the Key Decision Point A (KDP-A) milestone.

 The current WFIRST budget guidelines are constrained in FY18-20. As a
result, the Project is working two development schedule profiles — an
overguide 2024 launch date and an in-guide 2025 launch date.

* Mission cost was updated for the following:
— increased launch vehicle costs,
— increased science team funding (including number of teams selected),
— design maturation (L2 changes & maturing design),
— extended Phase A (KDP-A accelerated),
— telescope outer barrel assembly configuration changes and
— funding for Wide Field industry studies.

 The Project’s life-cycle estimate over the range of launch vehicles and launch
dates is 2.3—2.7B in FY15S. That equates to 2.7B to 3.2B in RYS.

e Budget includes STMD funding in FY16/17 for the coronagraph technology.
STMD is considering funding portion of coronagraph flight development.

* International contributions — discussions in process for potential
contributions from Europe/ESA, Canada and Japan. Contributions include
elements of Wide Field instrument, Coronagraph and ground system.
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e Standard of 1 year proprietary time for all data is probably no
longer acceptable to NASA or the community

 WHFIRST wide field imager has wide FoV that makes proprietary
data difficult

e Different science areas for WFIRST have different data needs and
processing requirements.

* An open data policy such as that of LSST may be the natural fit for
most or all of the WFIRST data

* Rapid public access to broad-use survey data has been
demonstrated to maximize scientific output.
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Hits 5/6 NASA Addresses all 3 APS  #1 Priority of Astro  Brings the Universe to
Strategic Goals performance goals Decadal Survey STEM education
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Back-up
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Launch Configuration On-Orbit Configuration

Scarf
OBA Door
X
Outer Barrel
Assembly (OBA)
Y
Solar Array
Instrument sun Shield
Carrier (IC) (SASS)
Outer Barrel
Extension
(OBE)
Instrument Instrument
(CGI) (WFI) Servicing
Robot
.. « 1 3
Avionics Interface 4
Modules x7 Deployed High N

27

Gain Antenna \
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e High-latitude survey (HLS: imaging + spectroscopy): 2 years

— 2227 deg? @ >3 exposures in all filters (2279 deg? bounding box)
* 6 microlensing seasons (1 year, after lunar cutouts)
 SNsurvey in 0.5 years, field embedded in HLS footprint
1 year forthe coronagraph, interspersed throughout the mission
* GO program1.5years

WFIRST Observation Map: Nobs=564188
Equatorial Coordinates

Galactic Plane
Ecliptic Plane

Celestial Equator

Microlensing

Fields

High-Latitude
Survey Area

— SN Fields



