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WFIRST Version CATE| Primary Pixel Active | Science
Date errnr Scale FOV Detectors
Dia. as/pix deg?

0.18 0.29 1 -4x7 Imaging FPA

SDT #1: Interim DRM itk 3 045 | 026/ea 36 H2RG-18 2 _ 2x2 Spec FPAs

Imaging & Spec in single FPA
SDT #1: DRM1 N/A 1.3 0.18 0375 36 H2RG-18 with GRS and SN prisms in a filter
wheel

Imaging & Spec in single FPA
14 H4RG-10 w'rth GRS and SN prisms in a filter

SDT #1: DRM2 : 0.18 0.585

Imaglng & Spec in single FPA
LERaiRiER L with GRS grism in a wheel

SDT #2: WFIRST-2.4 Jriiik] 24 011 945 352 1H2RG-18 IFU for SN spectra

Optional coronagraph for
exoplanet imaging

0.11 0.281

2014/6/8 4
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= High Latitude Survey (HLS)
2000°F 5 EE, el (YTH) 4% ¢ (R~800)
Y<26.7, ]<26.9, H<26.7, F184W<26.2
+ Supernova Survey
5,9, 275 B (DMW)
WmgpEe=%"1 > 7 +IFU% } (R~100)
(RALHYIRR S) H<28.9 (deep)
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WFIRST-AFTA HYE

30/2014

Key Features
Telescope — 2.4m aperture primary

Instruments

— Single channel wide field instrument, 18 4k x 4k
HgCdTe detectors; integral field unit
spectrometer incorporated in wide field for SNe
observing

— Internal coronagraph with integral field
spectrometer

Overall Mass — ~6500 kg (CBE) with
components assembled |n modules; ~2600

kg propellant; ~3900 kg (CBE dry mass)
Primary Structure — Graphite Epoxy

Downlink Rate — Continuous 150 Mbps
Ka-band to Ground Station

Thermal — passive radiator
Power — 2100 W

GN&C - reaction wheels & thruster
unloading

Propulsion — bipropellant
GEO orbit
Launch Vehicle — Atlas V 351  ,5../6/5 o

WFIRST-AFTA SDT Interim Report 80



WFIRST-AFTA #1135 oD pf 3

Wide-Field Instrument

« Imaging & spectroscopy over 1000s of sq. deg.
» Monitoring of SN and microlensing fields

« 0.7 — 2.0 micron bandpass

« 0.28 deg? FoV (100x JWST FoV)

- 18 H4RG detectors (288 Mpixels)

- 6 filter imaging, grism + IFU spectroscopy

Coronagraph

» Imaging of ice & gas giant exoplanets
- Imaging of debris disks

» 400 - 1000 nm bandpass

- =109 contrast (after post-processing)

= 100 milliarcsec inner working angle at g(gglg)gn .
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AMS

Instrument Rail Guides

Instrument Carrier

Wide Field

Coronagraph Instrument

Instrument

, \Wide Field Electronics

2014/6/8 11
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Telescope Reuse @

Outer Barrel Door Extension (OBDE) Secondary Mirror Support
/ Structure w/ Cover
Outer Barrel Door (2) (OBD) (PSMSS)

Secondary Mirror Baffle

(SMB)
Outer Barrel

Assembly Secondary Mirror
(OBA) Support Tubes
(SMB)
Quter Barrel

Extension

' (OBE) Primary Mirror Baffle

(PMB)

Secondary

mirror strut .

actuators (6) (\ Forward Metering
Structure

(FMS)
= OBA Mount

Struts Main Mount Struts

with passive

isolation (MM)
Telescope Core

Aft Metering Electronics (TCM)
Structure
(AMS) Existing H/W, reuse 1188 kg
Existing design, remake 153 kg
New design 254 kg
100% of the existing telescope hardware is being re-used. TOTAL: 1595 b9 14/6/8 ® 12

Electronics and baffles not available and must be replaced.




Telescope e ™\
Colc_l Element 110 mas/pix
3\- —)l M3 | == | Pupil | == | e | f7.9
270 K obscured Mask e
2.4m Telescope: {omperature 8 positions 6x3 FPA;
(6 filters, GRS Ea. square is a 4kxdk,
T1: 2.4m Guiding in imaging mode performed grism, blank) 10pm pixel size SCA;
- e using guiding functions contained in the Grism R = 550-800 302 Mpix; 120K,
aperture 6x3 science SCAs 2 pixel) 0.6-2.0pm bandpass
| Wide Field Science Channel 0.28 deg® active area
T2: 30% linear . : .
from baffle ; g i 1 2kx2k, 18pm pixel size SCA;
R=~100 (2 pixel) 4 Mpix; <115K;
6 struts with Integral Field Unit Spectrograph Channel D oandpass;

realignment capability;
outer barrel with
recloseable doors

Wide Field Instrument

\

GRS = Galaxy Redshift Survey
SCA = Sensor Chip Assembly
DM = Deformable Mirror

FSM = Fast Steering Mirror
WES = Wavefront Sensor

IFS = Integral Field Spectrograph
IWA = Inner Working Angle

OWA = Outer Working Angle

.

FOV 3.00x3.15 arcsec

J

Optional Coronagraph Instrument

[

\

N
Relay w/ - Low order Pupil Mask
pMFsM | LFXed DM [ T yeg |_’ & Filters
]
: 1kx1k, Si low noise FPA: 150K;
‘If Imaging | wa 0/25/ arcsec. A (0.4-1.0pm)
Flip —7| Detector | owA25 arcsec
Mirror Zkx2k, Silow noise FPA, 150K;
| IFS  [=>| IFS Detector | 0.40um bandpass,

R~70, 17 masec sampling

Figure 3-2: WFIRST-2.4 payload optical block diagram.

2014/6/8
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Wide-Field Imager 7 £ )V ¥ 3L A%

 Name | Bandpasses (um)
0.760 — 0977
0.927 - 1.192
1131 -1.454
BCTET I 1380- 1774
DRI 1683 -2.000
B 0.927 - 2.000
D | 1:350-1.950

PEgiE 250K IZWmEATENUE, 2-24um O “K” N KD A[HE
izl 84, 2R b, AT V2= YA TREDDH D,
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WFIRST-2.4m DRM D EREREEHE AR Y —NAETE

WFIRST-2.4 Design Reference Mission Capabilities

Imaging Capability 0.281 deg? 0.11 arcsec/pix 0.6 -2.0 um
Filters 2087 Y106 J129 H158 F184 W149
Wavelength (um) 0.760-0.977 0.927-1.192 1.131-1454 1.380-1.774 1.683-2.000 0.927-2.000
PSF EE50 (arcsec) 0.11 012 0.12 014 014 0.13
Spectroscopic Grism (0.281 deg?) IFU (3.00 x 3.15 arcsec)
Capability 1.35-1.95 um, R = 550-800 0.6 -2.0 um, R=~100
Survey Bandpass Area (deg?) Depth _ Duration _ Cadence
Exoplanet ZW 2.81 n/a 6 x 72 days W: 15 min
Microlensing Z:12hrs
HLS Imaging Y, J, H, F184 2000 Y=26.7,J=26.9 1.3 years nfa IR
H=26.7, F184 = 26.2 ' _ 50
HLS 1.35-1.95 2000 0.5x10-'% erg/s/cm? nfa
Spectroscopy - @ 1.65 um 0.6 years /0
SN Survey 0.5 years 5 days
Wide Y, J 27.44 Y=271,0=275 (inaZ2-yrinterval)
Medium J, H 8.96 J=27.6,H=28.1
Deep J,H 5.04 J=203, H=294

IFU Spec 7 exposures with S/N=3/pix, 1 near peak with S/N=10/pix, 1 post-SN reference with S/N=6/pix
Parallel imaging during deep tier IFU spectroscopy: Z, Y, J, H~29.5, F184 ~29.0

HLS:*High Latitude Survey s



| " Guest Observer Cabilities -

1.4 years of the 5 year prime mission

2087 Y106 J129 H158  F184 W149
Imaging depth in ‘ 2715 2713 27.14 2712 26.15 27.67
1000 seconds (mag)
texp fOF Oread = Osky 200 190 180 180 240 90
(secs) |
Grism depth in 1000 ‘ SIN=10 per R=~600 element at AB=20.4 (1.45 um) or 20.5 (1.75 um)
sec texp fOr Oread = Osiy: 170 secs
IFU depth in 1000 S/N=10 per R~100 element at AB=24.2 (1.5 um)
sec
Slew and settle time chip gap step: 13 sec, full field step: 61 sec, 10 deg step: 178 sec

Optional Coronagraph Capabilities

1 year in addition to the 5-year primary mission, interspersed, for a 6-year total mission

Field of view ~ Annular region around star, with 0.2 to 2.0 arcsec inner and outer radii

Sensitivity Able to detect gas-giant planets and bnight debris disks at the 1 ppb brightness level
Wavelength range 400 to 1000 nm

Image mode Images of full annular region with sequential 10% bandpass filters

Spectroscopy mode  Spectra of full annular region with spectral resolution of 70

Polarization mode Imaging in 10% filters with full Stokes polarization

Stretch goals 0.1 arcsec inner annulus radius, and super-Earth planets

2014/6/8 16



WFIRST-AFTA vs Hubble

Hubble Ultra Deep Field - IR
~3,000 galaxies in one image

"WFIRST-AF TA Deep Field
>1,000,000 galaxies in each image
[ 2014/6/8 @17



WFIRST-AFTA Survey Sensitivity

1 | | 1 | | | 1 | I 1 | I 1 1 I AB

i 1 mag

i Improvement over SDSS i

| *
e LSST
5 — AFIA  00deg: WISH
g 100 €5" < 57 —
T - e S T 100deg?
Y - — ]
o i T
E‘. - — —__ 2%
2 - 25
= 10 | — -
5 " F Euclid :
g [ — J= 24
% I 15000deg? |

" 4= 23

4um
1 | I. | | 1 | I 1 | | | ] | | 1 |
200 1000 1500 2000

'eport A (nm) 1¢
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Survey Grasp (degrees/arcseconds)?

AB Magnitude

14 16 18 20 22 24 26 28 30 32
1&& I i i i I i i i I i i i I i i i I i i i I i i i I i i i I i i i I i i i I i i i
B WFIRST/AFTA HLS
5 = s =

10 F"DSS.-H R hUElIdIIWId.E LISBT\F

PMASSK 1 UkipssY
10t UKIDSS K SDSS-lil 2

1 2MAS5 JV" ' WFIRST/AFTA

] WISE 3pm B SN, Wide

|

10°+ — WFIRST/AFTA -

] n B SN, Deep

] Euclid Deep J
ol CFHTLS Deep 2

§ CANDELS Wide J L |
. W CANDELS Deep J

xﬂiﬁ et
o — T
cf” HUDE/R
10 1 10" 10?2 10?7 10t 10t 1wt 107

Flux Sensitivity (mJy)

Mear Infrared Surveys
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WISE
1ISO
Akari
Spitzer/IRAC
Hubble/NICMOS
Hubble/WFC3 IR

WFIRST-AFTA
High-Lat Survey

WFIRST

0.4m 2.75 arcsec
0.6 m 12 arcsec
0.7m 1.5 arcsec
0.85m 1.2 arcsec

2.4 m 0.04 — 0.20 arcsec
2.4 m 0.13 arcsec
2.4 m 0.11 arcsec

Y

WISH

1.5m

04/30/2014

0.156 arcsec

WEIRST-AlL

Unique Parameter Space for IR Astronomy@

_instrument_| Telescope | _Pixel Scale | Field of View | Wavelength

2209 arcmin? 3-28 um
9 arcmin? 2.4 —240 um
95 arcmin? 1.8 -180 um
27 arcmin? 3—-10 um
0.03-0.72 arcmin® 0.8 —-2.5um
4.65 arcmin? 0.9-1.7 um
1008 arcmin® 1.0 - 2.0 um
850 arcmin? 1.0-5.0 pm

N e



WFIRST BlHIREFE (ZNET)
# ZOFEFETIE FTIESLILITMTL R AW ]

2014/11/17-20
WFIRST Workshop @ Pasadena
AFTA THBINGT M Z ikin 9~ 2 BRI

Ecliptic Plane
Celestial Equator

Microlensing
Fields

High Latitude
Survey Area

2014/6/8 21



WFIRST vs Euclid

Detailed 3D Map of Large Scale
Structure at z =1-2

|
|
! 1 Large scale structure simulation showing 0.1% of the
] total WFIRST-AFTA Galaxy Redshift Survey Volume
]
4 ol B .:"- -
z I'! s’ _: % o
o Gy PsnT by LA
'\';(Q;r:: ¢ .,. R *
5 1_ }{'rf %
_-I g B . - - 5 ._--v' '\ #‘ _.-. & . . d W I:' " - ::.:;
i_. © 100 Mpc/h Ll - K ad oty g TS 100 NpcHy
. - g | RN Pt it Yo ‘- —
Euclid WFIRST
15,000 deg? @ 1700 gal/deg? 2,400 deg? @ 12,600 gal/deg?

Large scale structure simulations from 2013 SDT Report — courtesy of Ying Zu 50147678 22

Thin and thick red circles mark clusters with masses exceeding 5 x 10%3 M., and 10** My, , respectively
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Supernova Survey

High Latitude Survey

_l_
IFU spectroscopy

wide, medium, & deep imaging

spectroscopic: galaxy redshifts

Imaging: weak lensing shapes

20 million Ha galaxies, z = 1-2

2700 type la supernovae
z=01-17

2 million [Olll] galaxies, z = 2-3

400 million lensed galaxies
40,000 massive clusters

1 -~

I ¢ Vv

~N v

|

standard candle distances
z<110020% and 7z > 110 0.34%

standard ruler

distances expansion rate
z=121t004% z=121t00.72%
z=2-3t1013% z=231018%
i 4 l % :' .
y L

dark matter clustering
z < 1t00.16% (WL); 0.14% (CL)
z > 110 0.54% (WL); 0.28% (CL)
1.2% (RSD)

history of dark energy =
H S T
deviations from GR

wW(z), AG(z), Pprg /Py

2014/6/8 23
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WFIRST-AFTA SDT Interim Report
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WFIRST-AFTA Probes of Expansion and Growth

H(z)/(1+z) [km s Mpe-1]

ED | T T T T I T T T T | T T T T |
~__ Supernova Distances _ ] From 2013 SDT Report
| - Galaxy BAO Distances ) :I I Ibalsélihe o ' ':
= Ha [0 [ : .
_ Weak Lensing Distances n,q__ -] 1 F glxltf.?,ggfé —
| 05 _ freezing _
— o ’ i ' to w\= —1 i
{1 © i A ]
~. 0 Big Rip ® i —
1 & . ]
1l © i @ : thawing 7
—-0.5 from w = — 1
| -1F i .
i Weak L’EHSH’IE Growth — i I P T T L1 L | '
- Clusters Growth | —1.1 —1 -0.9
I _ Galaxy RSD Growth . W(Z —0. 4'?)
59 | | | | | I | 1 | | | 1 | | | |
0 1 2 3

redshift
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FHi# WFIRST-AFTA vs Euclid

10 ¢

l.]]::'IEI.M.'!

0.1 F

1 1.5

A
A
A
A
A
|
=

redshift
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WFIRST-AFTA & Euclid

WFIRST-AFTA
Deep Infrared Survey (2400 deg?)
Lensing

» High Resolution (2.5x the Euclid number density of
galaxies)

» Galaxy shapes in IR

» 5 lensing power spectra
Supernovae:

» High quality IFU spectra of >2000 SN
Redshift survey

» High number density of galaxies

» Redshift range extendstoz =3

Euclid
Wide Optical and Shallow Infrared Survey (15000 deg?)
Lensing:
» Lower Resolution
» Galaxy shapes in optical
» 1 lensing power spectrum
No supernova program
Redshift survey:

Sensitivity Improvement

nP

0.1k

Complementary for Dark Energy

WFIRST

Euclid

A
A
A
A
A
I
2

1 1.5 3
redshift

2.5

AB

Improvement over SDSS

1 mag

100

10

* Low number density of galaxies

Redshiftrange z=0.7 - 2

04/30/2014

WFIRST-AFTA SDT Interim Report

1 l L 1 1 L I 1 L 1 1 J 1 1 1 1

LSST

AFTA

Euclid

=28
I~ 27

—__ 26

= 25

1 24

+ 23

200

1000

A (nm

1500 2014@08 21%



Using Observations from the High Latitude Survey and GO Programs

-

‘ | Detection of Large
' Sample of z > 7

b - Galaxies
e

Largetscale Distribution
.- | of Lyman-break Galaxies

Survey of Emission-line Galaxies, |

| arge-scale Distribution of Galaxy Clusters

Lensing Mass Function'of Clusters i

Dark Matter Halos of Galaxies. ‘

Present

2014/6/8 @27




F110W

12

14

16

24

 WFIRST-2.4 phot limits for 10,000s
| Crowding (0.5 stars / sq arcsec)

[l

0 02 04 06 08 1
F110W — F160W

L5 R 2 BT
o1 L CTEIMN9 %
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High Contrast Imaging

Survey up to 200 nearby stars for planets and debris disks
at contrast levels of 109 on angular scales > 0.1"
R=70 spectra and polarnzation between 400-1000 nm

Detailed characterization of up to a dozen giant planets.
Discovery and characterization of several Neptunes
Detection of massive debris disks.

How do planetary systems form and evolve? .
planeiary sy Discover and

«  What are the constituents and dominant Characterize
physical processes in planetary
atmospheres? Nearby Worlds

What kinds of unexpected systems inhabit
the outer regions of planetary systems?

What are the masses, compositions, and
structure of nearby circumstellar disks?

Do small planets in the habitable zone have
heavy hydrogen/helium atmospheres?

2014/6/87"29
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Combined with space-based transit surveys, WFIRST-AFTA completes the
statistical census of planetary systems in the Galaxy. -

+ ~3000 planet detections.

U

10000

A
(go

ge)
—"
®
-

<

1000

]
1
1 - -"_‘I"'l
£ s
"»"“:"':'"f'-.':.
p I ’
t.".{"' - : -
T e e
gt G e

if s

o 4

P

» :uqll"'-
AT 20 2

o

= o
.

. e @
-

al as

Planet mass in Earth masses

WFIRST-AFTA _ ﬂFrﬁt_e—
perfectly ; oating
complements 0.1 R 10 100
Kepler, TESS, Semimajor axis in AU

and PLATO. M. Penny (OSU)
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WFIRST avu-r7 = 7 %

1 1
06 08 1.0 12
‘Wavwelength {microns)

Bandpass

400 — 1000 nm

Measured sequentially in five ~10% bands

Inner working angle

100 — 250 mas

~3MD

Outer working angle

0.75 - 1.8 arcsec

By 48x48 DM

Detection Limit

Contrast < 10-°
(after post processing)

Cold Jupiters, Neptunes, and icy planets
down to ~2 RE

Spectral Resolution

~70

With IFS, R~70 across 600 — 980 nm

Spatial Sampling

17 mas

Nyquist for A~430nm
2014/6/8 31




WFIRST au- 7 o 735

-6 Fa o T I T | I I T TTT I T TTT I T T T Planet ¢
10°87, 5 r i :
A O L T Giant planets o |-
-, emES L, 0 e Rocky planets o | 1
107 L ﬂﬁ"ﬂ' the oo g7 Water/ice planets o | |
- ot o ¥ % . | Known Doppler planets + |-
E . % : = — = ]
B e 4 S n 30 zodi disk
L = ) \ | Planet b
= 108L oo ; . \ The dashed-gircle indicates the
© - 2o o fog ® . | approximatezarea of WFIRST-
*E R« * AFTA coronagraph sensitivity
(@] i . : }
O 10°, . *.° ~
: ¢ .. ® 9 ’ :
1 0-10 - . 0‘ . ° _
10" s Wi e {0
0.001 0.010 0.100 1.000 10.000
Separation (arcsec) Korior somsistomt A1 9 oistr 2014/6/8 #32
04/30/2014 WFIRST-AFTA SDT Interim Report Main sequence non binary stars 31
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107 F——— - T . —7] g
" e Selfduminous planets -,
O Known RV planets e X
10 | @ Solar System planets . 4 -10
. 12
10°
r 14 B
6 o
10° E
: —16 _g
-7 .
107 ¢ 18 5,
- =
10° ¢ 20 =
- =
- 22
107
i 24
1010
- 26
10—11
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- I | I | I | I —]
- Exoplanet detections, 550 nm, SNR 5 -
10-7 Baseline (1.6 mas jitter, 10x post—processing)
- Hybrid-Lyot coronagraph =
l o 10x Kuiper Belt at 10 pe N
[ u ———. 10x Zodi disc at 10 pc ]
~ 1078 | g
L L -
L — ]
et | _
a4
; — —_
o = -
o
10-9 12 known Jupiters ]
E s ~4—-20 new Saturns E
= ™ —
- \.\‘\ ~5-30 new Sat/Nep -
i “«:6-50 new Neptunes ]
107190 -~ RO
- | | oo -
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Hubble
0.1-1.8um

Spitzer lﬁ{AC 3-10um

(KF1Z3.6 & 4.5um 73 )

Akari IRC NIR 2-5pm
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Wide-Field Iulruui Survey Telescope
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