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Roman Survey volume and Sensitivity
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Filters

- 8 imaging filters
- Spectroscopy via prism(0.6—1.8 4 m,R”~100,~24AB)
grism (1.0-1.9 u m, R~600,~22AB)
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Sensitivities of LSST, WFIRST, and Euclid
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Hubble x 200 Discovery of High—z Galaxies
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Figure 2-12: Mass density contours around the cluster MACS J1206.2-0848 derived from a ground-based weak
lensing survey with Subaru (red) vs. a weak lensing study with HST/ACS+WFC3 (white). The 10x higher sur-
face density of lensed galaxies achieved from space yields ~3x higher spatial resolution maps. The HST data
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Observational fields

Available for GO

IREREIF

]

WFIRST Observation Map: NMobs=564188
Equatorial Coordinates

Galactic Plane
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Microlensing planet search by Roman

= 2.02Myioon @ =5.20 AU M, =0.29M, Ax* =710
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Simulated light curve

300M stars in 2 deg.2in the GB

15min cadence in 24hrs, 72 days
6 seasons (1.2yr total)
27,000 microlensing events

Expect 1400 exoplantespenny+2019)
(~200 less than 3Earth mass)
~250 free'ﬂoat|ng planet (Johnson+2020)
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WIDE-FIELD INFRARED SURVEY TELESCOPE
DARK ENERGY * EXOPLANETS » ASTROPHYSICS

If present performance
predictions are realized, there
is potential for:

1000-fold improvement
over present capabilities.
Dozens of planets within
reach of characterization
Detection limit can reach
super-Earths

12/17/18
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W (i) F160W (H)

HEEHE GO & Archive sciences

. Open Cluster and Star Forming Region IMFs to Planetary Mass

. Exoplanet via transit and Astrometry

. High-precision IR CMDs of stellar populations.

. Quasars as a Reference Frame for Proper Motion Studies
(LMC,GB)

. Proper Motions and Parallaxes of Disk and Bulge Stars
(~10puas/yr)

. White dwarfs.

. Nearby Galaxies
. Galaxy Structure and Morphology
Evolution of Massive Galaxies

10 Distant, High Mass Clusters of Galaxies
11.0bscured Quasars
12.Strongly Lensed Quasars
13.Strong Lensing
14.High-Redshift Quasars and Reionization
15.Faint End of the Quasar Luminosity Function
16.Probing the Epoch of Reionization with Lyman-a Emitters
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WIDE-FIELD INFRARED SURVEY TELESCOPE
DARK ENERGY * EXOPLANETS ¢ ASTROPHYSICS

Androméda - PHAT Survey

25% of M31’s Disk, Imaged at High Resolution p
The Hubble Way _ b : The WFIRST Way

(400+ individual pointings) o — e 3y (2 pointings)

WFIRST will survey nearby galaxies 100x faster than Hubble

12/17/18




Unique Probe of Stellar Populations
and Nearby Galaxies

Resolve and characterize stellar pops out to
large distances (47 Tuc and SMC - Kalirai et al. 2012)

WFIRST-2.4 phot limits for 10,000s
R ——— Ultra-deep imaging of galaxy halos
T - (M63 - Martinez-Delgado et al. 2010)

02 04 06 0.8
F110W — F160W
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2013/7. WFIRST-AFTA SDTIZJAXAtFRELTILHEZE (ISAS) BAE&0,

2013/8. T EREISB R, ILAFWER) F(EFE)., $H30A
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2015/3, SDT final report (A A D B TERVEILR DR EAZSCE . VN, HhFF . EBE)
2016/1, WFIRST WGHE Z2 (prix) (WAoo 0 B f3k48)

2016/2. NASA started phase A. FSWG Bf#E
2016/6. LLUAF)HJIAXA rep&E LT, NASA FSWGIZA T H—/ SN
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2017/3. ISASEBR AU B RIR T E (20 F4557) iR

2017/3. ISASERAZREIEIR
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Roman Science Integration Team
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JAXA Roman team members joined to SIT

24 SIT member, 10 Domestic member

1. “COSMOLOGY WITH THE WFIRST HIGH LATITUDE SURVEY” (Chair: Olivier Dore )
Masahiro Takada (U.tokyo, IPMU), Hironao Miyatake (Nagoya U.), Tomomi Sunayama(Nagoya U.)
2. “OPTIMIZING THE WFIRST TYPE IA SUPERNOVA SURVEY” (Ryan Foley)
Naoki Yasuda (U.tokyo, IPMU) Takashi Moriya (NAOJ) Yuji Urata (National Central University, Taipei)
3. "INVESTIGATING THE NATURE OF DARK ENERGY USING TYPE IA SUPERNOVAE WITH WFIRST-AFTA SPACE MISSION” (Saul
Perimutter)
Nao Suzuki (U.tokyo, IPMU), Tomoki Morokuma (U.Tokyo, 10A)

Exoplanet Microlensing
4. "PREPARING FOR THE WFIRST MICROLENSING SURVEY: SIMULATIONS, REQUIREMENTS, SURVEY STRATEGIES, AND PRECURSOR
OBSERVATIONS” (Scott Gaudi)

Takahiro Sumi (Osaka U.), Daisuke Suzuki (Osaka U.), Naoki Koshimoto (U.Tokyo), Kento Masuda (Osaka U.)

Exoplanet Coronagraphs
5. “OPTIMIZING WFIRST CORONAGRAPH SCIENCE” (Bruce Macintosh)
Motohide Tamura (U. Tokyo/ABC), Taichi Uyama(Caltech/IPAC), Naoshi Murakami (Hokkaido U.)
6. "HARNESSING THE POWER OF THE WFIRST-CORONAGRAPH: A COORDINATED PLAN FOR EXOPLANET AND DISK
SCIENCE” (Margaret Turnbull )
Taro Matsuo (Nagoya U.), Satoshi lto(ISAS/JAXA)

Guest Investigator (Gl)/Guest Observer (GO) science
7. "WFIRST EXTRAGALACTIC POTENTIAL OBSERVATIONS (EXPO) SCIENCE INVESTIGATION TEAM”
(Brant Robertson)
Tadayuki Kodama (Tohoku U.), Takashi Moriya (NAOJ) Kimihiko Nakajima (NAQOJ), Rhythm Shimakawa (NAOJ)

8. “WINGS: WFIRST INFRARED NEARBY GALAXY SURVEY” (Benjamin Williams)
Masayuki Tanaka (NAOJ),Sakurako Okamoto (NAOJ)

9. “ARCHIVAL RESEARCH CAPABILITIES OF THE WFIRST DATA SET “(Alexander Szalay)

Yusei Koyama (NAOJ) , Hisanori Furusawa(NAOJ),Masao Hayashi (NAOJ/Subaru), Tsuyoshi Terai (NAOJ/Subaru)
10. “COSMIC DAWN WITH WFIRST” (James Rhoads)

Masami Ouchi (U. Tokyo, ICRR/NAQJ) Yuichi Harikane (NAOJ/UCL), Daisuke Yonetoku (Kanazawa U.) Masafusa Onoue (MPIA)
11. “RESOLVING THE MILKY WAY WITH WFIRST”  (Jason Kalirai=Jason Tumlison)

Noriyuki Matsunaga (U.Tokyo IoA) Shogo Nishiyama (Miyagi Kyoiu U) Riku Urago (Kagoshima U.)

The activities continue with New science teams
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Science Program Authors HSC PFS IRD SCE ULT

[ ]
W h Ite p a p e r Cosmology/Extragalactic Astrophysics

Cosmology with large-scale structure probes Takada+ o o - - -
— Quasars in the Reionization Era Matsuoka+ o - - - -
S u b a ru Finding and Characterizing high-z Clusters Oguri o - - - -
Searching for Bright Lensed high-z Galaxies Oguri o — - - -
W FI R S T Protoclusters across Cosmic Time Toshikawa+ o - - — -
Protoclusters in the Reionization Epoch Toshikawa+ o — — — —
Precise photo-z for Weak Lensing Tanaka+ — o — — —
o E Low-Mass Galaxies at up to z ~ 1.5 Yabe+ o o - — -
Sy n e rgl Stl C Galaxy and IGM Co-Evolution Ouchi+ o o - - —
. Superluminous SNe at Reionization Epoch Moriya+ o - - - -
b t Mass Assembly History of Galaxies since z=4  Kodama+ o - - - -
O S e rva I O n Galactic Astrophysics / Local Volume
Milky Way Disk Flare behind the Bulge Matsunaga+ - - - — o
Deep NIR Imaging of the Galactic Bulge Nakada + o o - - -
Hypervelocity Stars in the Galactic Bulge Nishiyama - o - - o
20 1 6 / 5 / 1 5 - C al | Dark Matter on Dwarf Spheroidal Galaxies Hayashi+ - ) - - -
- Structure of the Galactic Outer Stellar Disk Toyouchi+ - o - - -
' Stellar Astrophysics

fO r Wh Ite p a p e r Low-Mass End of the Initial Mass Function Tomida o o o - -
Bulge Stellar IMF & Low Mass Close Binary Ita - o - - -
Dust Condensation Region around AGB Stars  Ueta+ - - - o -
Properties of the Bulge Dwarfs by IR Spectra  Fukui+ — — o - o

Solar System
3 O p ro p O S a | S by Surface Characterization of TNOs Terai o - - - -
Water Ices in the Inner Solar System Yoshida o - - - -

Exoplanets

8 2 p eo p I e Probing Dust Grains in Circumstellar Disks Muto - - - o -
Polarimetry of Planets/Protoplanetary Disks Murakami+ - - - o -
Exoplanets Search by Astrometry Yamaguchi+ - — - o -
Extinction in WFIRST Microlensing Fields Suzuki+ o - - — -
Concurrent Microlensing Observations Suzuki+ o — — — —
7 / 'I 6 r e | e a S e d at Imaging of Microlensing Planetary Hosts Fukui+ - - - o o
’ Characterization of Transiting Exoplanets Narita - - o — -
Exoplanets around Late-M Dwarfs Kuzuhara—+ — — o — —

Note. — SCE and ULT indicate the SCExAQO and the ULTIMATE-Subaru, respectively.



http://iral2.ess.sci.osaka-u.ac.jp/~sumi/Subaru-WFIRST-Synergy.pdf

W IRST-Subaru Synergistic
Observa’non Workshop

December 18-20, 2017
NAOJ Mitaka Campus, Tokyo, Japan

Organlzed by JAXA WFIRST WG, Hawaii observatory, NASA

WFIRST FSWG
>90, including 16 from US, WFIRST FSWG, SIT




Expected timeline.

vew |

2017 1t Workshop Collecting ideas, broad interest

2018 2"d Workshop Possible programs > 4
summarized in WP

2019 3'd Workshop as a session in Possible programs in various
Subaru 20" Meeting different science fields

2020 Preliminary proposal development of preliminary
development ‘candidate programs’

2021 4th Workshop
NASA Roman Science
Team(s) Solicitation

2022 TBD  Consolidating the Program Front-loading program?
2023 TBD  Proposal Planning, Teaming

2024 TBD  Final Proposal Submission The proposal of the consolidated
program will be reviewed by
Subaru Advisory Committee

2026 TBD  Scheduling




UFHO—WSDEREBEICEEDHT-,

Enabling Breakthrough Science with the Subaru
Telescope and the Wide Field Infrared Survey Telescope
(WFIRST): A White paper for Subaru and WFIRST
Communities

April 25, 2019

Editors: Jason Rhodes! (Jet Propulsion Laboratory, California Institute of Technology), Takahiro Sumi?
(Osaka University)

Also submitted to: Subaru & Roman communities, US Decal
survey

Principal Editors: Jason Rhodes, T.Sumi
Executive Summary: D. Spergel, T. Yamada

User Name: wfirst
Password: subaru



http://www.ir.isas.jaxa.jp/WFIRST_Subaru_II/TALKS/WFIRST_Subaru_April25.pdf

Reu1red ni

ohts and conditions in WP20109.

i sl S 3 1
® Total required 3 2 nights is three

Microlensing parallax
Microlensing NIR spec. ToO

Microlensing NIR concurrent
CGI Support

CGI Support /Doppler
SNe Follow-up

SNe Live Spectroscopy
Deep Field Ultra-Deep

Deep Field SNe Fields
Imaging

Deep Field SNe Fields
Spectra

Deep Field SNe Fields NB
Cosmology sp redshift calib.
Cosmology IB redshift calib.

Nearby Galaxies Pre-im.
Halo

Milky Way Bulge HV

Milky Way Bulge stars

Solar System TNO

Solar System Minor Body/Irr
Irregular Satellites

total

IRD

ULTIMATE

SCExAQ/
CHARIS

IRD

PFS
PFS
HSC
HSC

PFS

HSC/PFS
PFS
HSC
HSC

PFS/ULTI
MATE

IRD

HSC
HSC
HSC

Bright
Bright

Bright
Bright

Bright
Dark
Dark
Dark
Dark

Dark

Dark
Dark
Dark
Dark

Dark

Bright
Dark
Dark

6 Dark

times more than reserved 100 nights
(100 nights are not enough!)

® /8% of required time is in Dark night
with HSC/PFS.

® Several programs have overlapping.
Should be Combined/shared.

® Completion of the PFS Subaru
Strategic Program (SSP: a large
program up to 360 night) is delayed
to 2027. Most of Dark nights will be
available after this.
Due to the fact that PFS-SSP is
expected to start in 2023A and last
until 27B, Dark nights with HSC will
be relatively more available in 2022
(A,B) before SSP starts.
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Dual Beam Polarimetry

® In dual-beam polarimetry, we can also use combination of
half-wave plate and Wollaston prism.
® But to reduce the optical components

: Subaru/HiCIAO; PlanetPOL vs. CIAO; IRSF/SIRPOL

Polarimeter
Wave-plate
Wollaston ’ )
prism \
Difference Image

Orthogonal Polarizations




JAXAM FBIZKET—3ZER D

® NASA White Sands/& . ESA New Norcia/s. JAXA EHEE5mIZEDZEE
® Ka 26.5GHzH CRKABE2{E 250Mbps, 4h/dayh E 3K
500MbpsHh T —JL,

SE-L27%: & . :a Bk ] [B] TIE 4L
KGR -FEICHITAT—SERE

Iyvav LR BIEH T —HEfEH
WMAP L2 VYy—va S 2GHZ) 667kbps

Planck L2 V¥ —T=a X 1.5Mbps
Herschel L2 V¥ —T=a X 1.5Mbps
GAIA L2 Vh—va X 8.7Mbps
JWST L2 nm— Ka 16Mbps-
Euclid IL2 Ka 74Mbps,
850Gbpd
LiteBIRD L2 Vh—va X ~10Mbps TBD
SPICA L2 mne— X ~10Mbps TBD
Kepler Earth Trailing Ka 4.5Mbps
TESS Inclined Earth Ka 100Mbps

® 202047 ANASA Roman Ground System PDRTJAXAZE KR
® JAXAJI—XAM &t + I = E%ED)
® HAMNKGADZIERRNZERITIEBEHFETLH S,
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The World Widest FOV in NIR with

World Largest class NIR camera

U. of Maryland manufacture the camera @GSFC by
Loaning 4 Teledyne from Roman team
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Mass Measurements via
Simultaneous Roman—Ground obs.

Demonstrated by Spitzer— Foreground star & planet... -

(not seen by telescopes)

... pass in front of

ground tel. B o
® distant star
(seen by telescopes)

Roman—-PRIME/ULTIMATE
can do the same
Spitzer sees Ground-based telescope

planet microlensing | ¥ . sees planet microlensing
event first ' : event later

Brightness of
Distant Star

Spitzer is about 40%
farther from the Earth than
the Earth is from the sun

Planet causes dip in
magnified star brightness

= =
o




EEAR & FH

e JIXAERE: 1007% #H &4
( ) GBEDNERAEBEARN—XICREALLI10EAMEY)

e WM ETA/HOLVRXEEEE: 558 GEmsEmaEmsEN )
( ) (Bl EMEFEH)

o M EB KaHEEEHLIR: 18. 418 (=214 8(EM+EMH3.6(EM)
( )

« OAFTSTHIMEE: 2. 718 (0 8 M+ %1 .94 M)
( HE)

« FTEEE-HFHmAE:  25EF
- fAFH: 39.1{(E
> JAXAERRR RGBS HES v ar ELTIRES

SYVIVEERERZEGEL., =

9




i B9 {H1E

@ IBEIRILXT—/TAAZAENDBIEEERINRE L., F
BEYVEOSREERFO—DT. EROBE L. MMEEIXZELY,

HBARDNEFRMEEZ (L., BRI tt«fk%@&h’czb'f)
HIhNSKHEEL J‘m\ 2030 FRFETREFEITLZL, &

HTNASAD FERES Y 3> THDBRoman~S 0L . a—f'ﬁiﬁ'ﬁ@

R AMEREHBREMNICHET HELEDIC, SROBAXRE

%E"ﬁ
. %]

BEREDEODRMHURTYTET S,

OO0FJS7EBEDRARIIERTOEIENATTIXR, 2030

EED

FHRL

[FIZETBE SN TWASFHEMFEERS Y3V (LUVOIR HabEX)(Z

ENDEELGRMT, BREREFKEREICEL.,

o ih F BE(EIL. ENTIZFIH TKa—band (26GHz) T Z{EHERE

ZEEL T, BRRIEADL2X G D LB ERE N ZTER

SERAR




Kok S ETOEE, EHE

£\

. I8 10N

e Romanld2026FE$TH LITFZFELTHY., 2024FFTICH b
BEETTILHI2LELNHSD,

® ZHNETHEE

- FHim. BN, ZBREXK, KGR, RINRELERLAL DT
DG, ERAEECAE N AT RF—LIZS N,

® XiR%E

2020/3 JAXA-NASA LOA [ZH 1> (MOUXE )

OO0 S7FBERE. XFZRDOEE - EHRDO—EBZENASAIC

A
PRIMEZEE =R X EER I~ HI4EH

0 (FH

L e B

2021528 . SV ESE

EWRIHEERRSF)
Roman Science Integration Team (SIT)[ZH AN 524 AZ 0,

BEZREL. |23

H ELTHEER,




20

F(XBILFELVHSC, PFS etc), TolzLTXEEEIZS

TEHETRENOSIMEREANEE
FICN—F Oz 7DEE L. EERETEE NS,
(PRIMEDHI) . YA TV XET B ETH.
NASAKE! D15 S (L. Decadali&ETERFE M S
(Roman(ZDecali&MN 5, AZ 2 =T AIZ[LITADIZEE)

WD EFD AR DY R—EDHE GFIZEF)
MEE. S—T120 THhEICE R AR

ADKE (FHHOAEF. STERESTA~ADSN.
T —REBRH<—>NASAFH—T 2 RAhAR)L—)




Summary

RomanlZ. X FALT-
S RNRED
OFHDIMEREDEFEEEFEIRILT—/1E]
@ 24\ 2 E D s Al B FE 2 #7 BA
OELWLVFHEEF(NHEEE])

O R NEMIFEEDT-H D HEMTEEE

O ARKDEMA/\NVT—
1) FI1E5 20— 0]
2) h EA/oaOL X TF—RIZEE ., £l 0]14
3) A0+ USRI HERED IRt 2 {Eh
4) i 5 Bl R ETH

- WERE. PEEARNILE




