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WFIRST is the highest ranked NWNH
large space mission.

— Determine the nature of the dark energy that is
driving the current accelerating expansion of
the universe

— Perform statistical census of planetary
systems through microlensing survey

— Survey the NIR sky
— Provide the community with a wide field

telescope for pointed wide observations HSTACS  HSTWFCI  MWSTINIRCAM

« Coronagraph characterizes planets and mrE—
disks, broadens science program and W Jiiens—
brings humanity closer to imaging Earths.  soucesar - WFIRST

« WFIRST gives Hubble-quality and depth
imaging over thousands of square degrees

« The WFIRST-AFTA Design Reference
Mission has
— 2.4 m telescope (already exists)
— NIR instrument with 18 H4RG detectors
— Baseline exoplanet coronagraph
— 6 year lifetime
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WFIRST Science
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WIRST FSWG

Neil Gehrels GSFC Project Scientist, Chair

Jeremy Kasdin Princeton U. CGI Adjutant Scientist, Co-Chair

David Spergel Princeton U. WFI Adjutant Scientist, Co-Chair

SCIENCE TEAM PIs

Olivier Doré¢ JPL Weak Lensing, Redshift Survey

Ryan Foley U. Illinois Supernovae

Scott Gaudi Ohio State U. Microlensing

Jason Kalirai Johns Hopkins U. GO, Milky Way Science
Bruce Macintosh Stanford U. Coronagraph

Saul Perlmutter LBNL Supernovae

James Rhoads Arizona State U. GO, Cosmic Dawn

Brant Robertson UC Santa Cruz GO, Extragalactic Science
Alexander Szalay Johns Hopkins U. GI, Archival Science
Margaret Turnbull SETT Institute Coronagraph

Benjamin Williams U. Washington GO, Nearby Galaxies
EX-OFFICIO

Dominic Benford NASA HQ Program Scientist

Ken Carpenter GSFC Science Center

Roc Cutri Caltech/IPAC Science Center

Jeff Kruk GSFC Deputy Project Scientist

Jason Rhodes JPL Deputy Project Scientist

Wes Traub JPL Deputy Project Scientist

Roeland van der Marel STScl Science Center

SCIENCE TEAM DEPUTIES

Dave Bennett GSFC Microlensing

Chris Hirata Ohio State U. Weak Lensing,
Redshift Survey

Nikole Lewis STScl Coronagraph

Aki Roberge GSFC Corongraph

Yun Wang Caltech/IPAC Weak Lensing,
Redshift Survey

David Weinberg Ohio State U. Weak
Lensing, Redshift Survey

<L



Nominal Capabilities
(To be discussed by FSWG)

Imager

Filters:

Grism:
IFU:

Coronagraph:
Imager:

IFS:

Field of Regard:

02-13-15

0.76-2.0 microns 0.28° FoV, 0.11" pixel scale, 18 4k by 4k H4RG
z (0.76 - 0.98), Y (0.93-1.19), J (1.13-1.45), H(1.38-1.77),

F184 (1.68-2.0), W149 (0.93-2.00)

1.35-1.89 microns 0.28° FoV, R=461A, 0.11" pixel scale

0.6-2.0 microns 3" & 6" FoV, R~100, 0.075" pixel scale
0.43-0.97 microns 1.63" FoV (radius), 0.01" pixel scale, 1k x 1k
EMCCD, 107 final contrast, 100-200 mas inner working angle,

0.60-0.97 microns 0.82" FoV (radius), R~70
54" -126° 60% of sky instantaneous
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WFIRST-AFTA Surveys
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S\ Example Observing Schedule (to be @
=  revised by future science team)

« High-latitude survey (HLS: imaging + spectroscopy): 2.01 years
— 2227 deg? @ =3 exposures in all filters (2279 deg? bounding box)

* 6 microlensing seasons (0.98 years, after lunar cutouts)

SN survey in 0.63 years, field embedded in HLS footprint

« 1 year for the coronagraph, interspersed throughout the mission
* Unallocated time is 1.33 years (includes GO program)

Galactic Plane
Ecliptic Plane

Celestial Equator

Microlensing
Fields

High-Latitude
Survey Area

SN Fields
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Imaging on Subaru For WFIRST

* To match High Latitude Survey depth (LSST Depth
g=27.4,r=27.5,i=26.8,2=26.1)
— ~1 night per square degree
* To match supernova survey one would need:
— 2.5 nights per sq deg for wide (+0.5 mag deeper)
— 6 nights per sq deg for medium (+1 mag deeper)
— 100 nights per sq deg for deep (+2.5 mag deeper)
e ~1.5square degrees is smallest field so would require 150 nights

Calculations from Peter Capak (IPAC)



Subaru for WFIRST 4Pt

NASA HQ and WFIRST project interested in a partnership with Japan
that includes hardware for coronagraph, science involvement, ground
stations, and Subaru time or data

Envision and allotment of Subaru time that would enhance and enable
WFIRST science and provide benefit to the WFIRST and Subaru
communities

Details of the use of this time would be left to future WFIRST
Science Team which would have Japanese involvement

Japanese involvement could span the range of WFIRST science
Talked to all 11 SIT leads about what Subaru data is of interest

— All areas of WFIRST science may benefit from (or even require)
Subaru data

—3 time scales: near term (through ~2020); medium term (2020-2024);
concurrent with WFIRST (2024-2030+)

— The bulk of the time could be best used after ~2023, allowing for
currently planned large surveys to be completed.

—PFS and HSC are primary instruments of interest, but some AO
desired






Examples of Guest Observer Science ~

* Nearby galaxies: Subaru HSC data could be valuable for simulations
— 10 nights on 10 nearby galaxies in the near term
— ~10-20 nights of concurrent deep imaging with WFIRST in wide and narrow band filters
— Would benefit from HSC-wide survey data for planning, especially in understanding Milky
Way stars
« Stellar populations in Milky Way

— Few nights of near term observations on HST-WFC3 IR fields for panchromatic
simulations/planning

— Single deep pointing in galactic bulge and one in a globular cluster, ~10 nights
— Would benefit from HSC-wide survey data for planning, especially in understanding Milky
Way stars
* High Z Galaxies

— Subaru z band observations over a part of the HLS field (deeper than LSST) would enable
more z=7 galaxies to be identified; 1 night per square degree or ~50-100 nights concurrent
with WFIRST

— Ultra-deep grism survey woud be complemented by Subaru deep optical imaging; tens of
nights

— Deep Fields with HSC and PFS are key to some extragalactic science ; ~50 nights

» Setting aside ~10 nights per year (60 nights total) to be warded to appropriate
WFIRST/Subaru joint GO programs would benefit the WFIRST and Subaru
communities









AP0
Summary

 WFIRST is happening!!

—Japan 1s a valued potential partner, and Subaru
data/access is a key aspect of that partnership

—The timescale for partnership agreements is the next few
months

 Access to HSC and PFS data will be useful for WFIRST
planning and joint science exploitation

e Hundreds of nights of Subaru data will greatly enhance, and
1n some cases, enable, all areas of WFIRST science

e Subaru access/data will push some WFIRST science to the
North, allowing for TMT follow up

« Would like to see ~15 nights per year in precursor
observations starting in ~2018 and ~60 nights per year
during mission (staring 2024)
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Olivier Dore team:

Kiessling, Alina ; Co-I; Jet Propulsion Laboratory

von der Linden, Anja ; Collaborator; Stanford University
Krause, Elisabeth ; Collaborator; Stanford University
Mandelbaum, Rachel ; Co-I; Carnegie Mellon University
Lupton, Robert ; Co-I; Princeton University

Eifler, Tim Frederik; Co-I; Jet Propulsion Laboratory

Shapiro, Charles ; Collaborator; Jet Propulsion Laboratory
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Wang, Yun ; Co-I; California Institute of Technology

Teplitz, Harry I; Co-I; California Institute of Technology

Helou, George ; Collaborator; California Institute of Technology
Jain, Bhuvnesh ; Co-I; University Of Pennsylvania

Weinberg, David H; Co-I; Ohio State University

Capak, Peter Lawrence; Co-I; California Institute of Technology
Ho, Shirley ; Co-I; Carnegie Mellon University

Benson, Andrew J; Collaborator; Carnegie Institution Of Washington
Spergel, David N; Co-I; Princeton University

Padmanabhan, Nikhil ; Co-I; Yale University

Rozo, Eduardo ; Collaborator; University Of Arizona

Bean, Rachel ; Co-I; Cornell University

Heitmann, Katrin ; Collaborator; UChicago Argonne, LLC
Hirata, Christopher Michael; Co-I; Ohio State University

Jarvis, Michael ; Co-I; University Of Pennsylvania

Miyatake, Hironao ; Collaborator; Jet Propulsion Laboratory
Seiffert, Michael D; Collaborator; Jet Propulsion Laboratory

Scott Gaudi Team

Bennett, David GSFC

Foreman-Mackey, Daniel ; Co-I; University Of Washington, Seattle
Bryden, Geoffrey ; Collaborator; Jet Propulsion Laboratory

Gould, Andrew ; Co-I; Ohio State University

Nataf, David Moise; Collaborator; Self

Yee, Jennifer C; Co-I; Harvard College

Poleski, Radek ; Co-I; Ohio State University

Calchi Novati, Sebastiano ; Co-I; California Institute of Technology
Henderson, Calen B; Co-I; Jet Propulsion Laboratory

Carey, Sean Joseph; Co-I; California Institute of Technology
Beichman, Charles A.; Collaborator; Jet Propulsion Laboratory
Stassun, Keivan Guadalupe; Collaborator; Vanderbilt University
Shvartzvald, Yossi ; Co-I; Jet Propulsion Laboratory

Penny, Matthew T; Co-I; Ohio State University

Ryan Foley Team:

Kelly, Patrick ; Collaborator; University of California, Berkeley
Bohlin, Ralph C; Collaborator; Space Telescope Science Institute
Hounsell, Rebekah ; Co-I; University Of Illinois, Urbana-Champaign
Rest, Armin ; Co-I; Space Telescope Science Institute

Lupton, Robert ; Co-I; Princeton University

Mandel, Kaisey S; Co-I; Harvard College

Braganca, Vinicius M; Co-I; Self

Kessler, Richard ; Co-I; University of Chicago

Dvorkin, Cora ; Collaborator; Harvard University

Filippenko, Alexei Vladimir; University Of California, Berkeley
Kirshner, Robert ; Co-I; President And Fellows Of Harvard College
Riess, Adam ; Co-I; Johns Hopkins University

Frieman, Joshua ; Collaborator; University Of Chicago

Strolger, Louis-Gregory ; Co-I; Space Telescope Science Institute
Scolnic, Dan ; Co-I; University Of Chicago, The

Rodney, Steven A; Co-I; University of South Carolina

Jha, Saurabh W; Co-I; Rutgers University, New Brunswick

Saulr Pwrlmutter team:

Pontoppidan, Klaus M.; Collaborator; Space Telescope Science Institute
Connolly, Andrew ; Co-I/Institutional PI; University Of Washington, Seattle
Van Dyk, Schuyler Dana; Co-I/Institutional PI; Caltech

Law, David R; Collaborator; Space Telescope Science Institute

Phillips, Mark M; Co-I/Institutional PI; Carnegie Institution Of Washington
Rubin, David ; Postdoctoral Associate; Space Telescope Science Institute
Freedman, Wendy L; Co-I; University Of Chicago

Suntzeff, Nicholas Boris; Co-I/Institutional PI; Texas A & M, College Station
Sako, Masao ; Co-I/Institutional PI; University Of Pennsylvania

Baltay, Charles ; Co-I/Institutional PI; Yale University

Rabinowitz, David ; Co-I; Yale University

Hsiao, Eric Y; Co-I; Florida State University

Nugent, Peter ; Collaborator; University of California, Berkeley

Wang, Lifan ; Co-I; Texas A & M, College Station

Thomas, Rollin C; Co-I; Lawrence Berkeley National Laboratory
McElwain, Michael ; Co-I; NASA Goddard Space Flight Center

Howell, Andy ; Co-I/Institutional PI; LCOGT

Burns, Christopher ; Co-I; Carnegie Institution Of Washington

Wheeler, J. Craig ; Collaborator; University Of Texas, Austin

Barbary, Kyle ; Other Professional; University of California, Berkeley
Newman, Jeffrey A; Co-I/Institutional PI; University Of Pittsburgh

Juric, Mario ; Co-I; University Of Washington, Seattle

Stubbs, Christopher William; Co-I/Institutional PI; Harvard College
Deustua, Susana E.; Co-I/Institutional PI; Space Telescope Science Institute
Kim, Alex ; Co-I; Lawrence Berkeley National Laboratory

Fruchter, Andrew S.; Co-I; Space Telescope Science Institute

Aldering, Greg ; Co-I; Lawrence Berkeley National Laboratory
Wood-Vasey, Michael ; Co-I; University Of Pittsburgh

Bruce Macintosh Team:

Perrin, Marshall D; Co-I; Space Telescope Science Institute

Marley, Mark S; Co-I; NASA Ames Research Center

Fortney, Jonathan J; Collaborator; University Of California, Santa Cruz
McElwain, Michael ; Co-I; NASA Goddard Space Flight Center

Simon, Amy A; Collaborator; NASA Goddard Space Flight Center
Kasdin, N. Jeremy; Co-I; Princeton University

Duchene, Gaspard ; Collaborator; University of California, Berkeley
Pueyo, Laurent ; Co-I; Space Telescope Science Institute

Debes, John Henry; Co-I; Space Telescope Science Institute

Line, Michael Robert; Collaborator; NASA Ames Research Center
Millan-Gabet, Rafael ; Collaborator; California Institute of Technology
Batalha, Natalie Marie; Collaborator; NASA Ames Research Center
Cahoy, Kerri ; Co-I; Massachusetts Institute of Technology

Lewis, Nikole K; Co-I; Space Telescope Science Institute

Lupu, Roxana E; Co-I; Bay Area Environmental Research Institute, Inc.
Howard, Andrew William; Collaborator; University of Hawaii, Honolulv
Groff, Tyler D; Co-I; Princeton University

Soummer, Remi ; Collaborator; Space Telescope Science Institute
Greene, Thomas ; Co-I; NASA Ames Research Center

Robinson, Tyler D; Postdoctoral Associate; U. Of California, Santa Cruz
Rogers, Leslie A; Collaborator; University Of Chicago

Morley, Caroline V; Collaborator; University Of California, Santa Cruz
Savransky, Dmitry ; Co-I; Cornell University

Burrows, Adam Seth; Co-I; Princeton University

Hu, Renyu ; Co-I; Jet Propulsion Laboratory

Dawson, Rebekah Ilene; Collaborator; Pennsylvania State University
Trauger, John Terry; Co-I; Jet Propulsion Laboratory

James Rhoads Team:

Papovich, Casey J; Co-I; Texas A & M, College Station

Fan, Xiaohui ; Co-I; University Of Arizona

Windhorst, Rogier A.; Co-I; Arizona State University

Mellema, Garrelt ; Co-I; Stockholm University

Malhotra, Sangeeta ; Co-I; Arizona State University

Shet Tilvi, Vithal ; Postdoctoral Associate; Arizona State University
Wold, Isak G; Postdoctoral Associate; University Of Texas, Austin
Jansen, Rolf A.; Co-I; Arizona State University

Finkelstein, Steven L; Co-I; University Of Texas, Austin
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Margaret Turnbull Team:

Hu, Renyu ; Co-I; Jet Propulsion Laboratory

Ciardi, David R; Co-I; California Institute of Technology
Roberge, Aki ; Co-I; NASA Goddard Space Flight Center
Stark, Christopher C; Co-I; Space Telescope Science Institute
Sparks, William B.; Co-I; Space Telescope Science Institute
Shaklan, Stuart B.; Co-I; Jet Propulsion Laboratory

Hinz, Philip ; Collaborator; University Of Arizona

Pueyo, Laurent ; Co-I; Space Telescope Science Institute
Mandell, Avi M; Co-I; NASA Goddard Space Flight Center
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Woosley, Stan ; Co-I; University Of California, Santa Cruz
Wechsler, Risa ; Co-I; Stanford University

Greene, Jenny E; Co-I; Princeton University
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Dickinson, Mark E.; Co-I; Association of Universities for Research in Astronomy, Inc

Alexandre Szalay Team:
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Bullock, James Steven; Co-I; University Of California, Irvine

Rosenfield, Philip ; Collaborator; Self

Boyer, Martha L; Co-I; NASA Goddard Space Flight Center

Bolatto, Alberto D; Collaborator; University of Maryland, College Park
Strader, Jay ; Collaborator; Michigan State University

Gordon, Karl D; Co-I; Space Telescope Science Institute

Sanderson, Robyn E; Collaborator; Columbia University;

Bell, Eric F; Co-I; University Of Michigan, Ann Arbor

Seth, Anil ; Co-I; University of Utah, Salt Lake City

Sales, Laura V; Collaborator; University Of California, Riverside

Meixner, Margaret ; Collaborator; Space Telescope Science Institute

Sand, David ; Co-I; Texas Tech University, Lubbock
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Johnston, Kathryn V; Co-I; Columbia University
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Roman-Duval, Julia Christine; Collaborator; Space Telescope Science Institute
Penarrubia, Jorge ; Collaborator; Self

Jason Kalirai Team:

Conroy, Charlie ; Co-I; Harvard College

Levesque, Emily M; Co-I; University Of Washington, Seattle
Lu, Jessica R; Co-I; University of Hawaii, Honolulu
Dressler, Alan ; Co-I; Carnegie Institution Of Washington
Geha, Marla ; Co-I; Yale University

Tumlinson, Jason ; Co-I; Johns Hopkins University



