W F OT Wide-Field Infrared Survey Telescope
WFIRST DRM2 candidate design — payload summary

e AtSDT7 3/1-2/2012 consensus for concepts w/out overlap w/ other
mission, aka “DRM2” was:

 1.1m aperture, unobscured three mirror anastigmat telescope

* Single channel instrument
* Imaging with filter wheel
 Extend to 2.4um cutoff

*  Prisms with 1-2 prism assemblies for single or counter-dispersed galaxy redshift survey
[1.7-2.4um bandpass] respectively, plus SN 1a spectroscopy prism assembly [goal of
0.6-2.4um bandpass]

* H4RG focal plane
* Requirement to fit on Falcon9 launch vehicle

136 degree pitch range [relative to 90 degrees from sun to center of FOV]
e Same +22.5° roll range as DRM1 & IDRM

 DRM2 design is based on a 7x2 layout of H4RG(-10) at 0.18”/pixel




W F OT Wide-Field Infrared Survey Telescope
WFIRST DRM candidate desigh summary — DRM2

e DRM2 is based on a 7x2 packed ImC/SpC

npix [1 side of SCA] 4088
H4RG(-10) layout focal plane pixel size o 0.01
¥ gap size mm 4.00
array v gap size mm 4.00
— 0.18”/pixel, ie same focal length as ImC on  pixel scale "/p 0.1800
IDRM1 and DRM1 - !

— 0.585 deg? active pixels
t d 1.431
~ 0.387 IDRM ImC AQ < this AQ < 0.690 IDRM ooy o oS
SpC AQ [m?deg?] total x deg 1.551
o ] ] o ' fotal v deg 0.429
— Auxiliary fine guider for guiding during active area deg2 0.585
spectroscopy modes total area/channel |deg® 0.665
) ) ) ) ) focal length m 11.45924
— Instead of outrigger fine guider, imaging aperture — 1
mode fine guiding will be done using systern f/# 10.417
science focal plane using internal guide A- omega est.  |m’deg® 0.556

— windowing function Mpix 234.0




Wide-Field Infrared Survey Telescope

Field of view
Channel field layout for WFIRST “DRMZ2”

The Field of view of the single channel which can be used
in imaging (Im), BAO spectroscopy (Sp), or SN
spectroscopy (SNSp) mode is shown to scale with the
Moon, HST, and JWST. Each square is a 16Mpix vis-NIR
sensor chip assembly (SCA), 10 um pixels

7x2 @ 0.18"/p, 0.585 sq.deg

0.429°

1.551°

N

- 9
JWST [all instruments]

HST [all instruments]

Moon (average size
seen from Earth)




Wide-Field Infrared Survey Telescope

DRM2 ray trace

Warm side Cold stop &

— — Filter wheel,

Prism wheel,
behind F3

™| & “ Alntermediate

focus; field stop
F2

FPA

cold side

Oblique view view Side view ,



WFIR. T Wide-Field Infrared Survey Telescope

Preliminary observatory view

* Deployable planar 100K FRA
sunshade(purple) <P
and solar array
(blue) [WMAP-like]

* Hollow, lightweight
s/c

* Side-viewing
payload lowers
center of gravity
and aligns with
center of pressure

Sun side




W F OT Wide-Field Infrared Survey Telescope

VIass summary — now have robus
margins on Falcon9

N. Armani DRM2 1.1m
5/16/2012 1-Channel
| mass (kg) % of SC

Payload Mass 563.2 38.54
SC Mass 786.0 53.79
Propellant Mass 112 7.66
Observatory Wet Mass Total (CBE) 1461.2 100.0
Falcon-9 LV to C3 Capability

Falcon 9 LV mass margin {against wet CBE) 73.15
Atlas V to C3 Capability

ATLAS V LV mass margin {against wet CBE) 109.76




| OT' Wide-Field Infrared Survey Telescope

JWST, Kepler, WFIRST DRM2 to same scale

e All shown with
field of view up
and sun to left

?

WFIRST DRM2
(deployed) 7

WFIRST
DRM2 (as
launched)




Wide-Field Infrared Survey Telescope

DRM2 schedule

WFIRST DRM 2 Activities
1 2 3 4 5 6 7
Task Name
1]l 23 a] a2 3]alal2a]3[ala]l23]a]lafl2]3]ala]2]3]a]1]2]3]a4
Phase A Phase B Ph Phase D E
DRM 2 ase | ase | ase C L ase |
Mission Level Reviews MCR SRR PDR dDR S|R  PER FORR LRR  LRD
Telescope
Tel Activiti A A A A
elescope Activities PDR DR PER PSR
Instrument and Payload Development
A A JANIVAN
Instrument Activities PDR CDR PER PSR
Payload I1&T
Payload I&T
Spacecraft Development | Al
Spacecraft Activities PDR CDR PER PSR
1&T
Observatory I&T, Observatory 1&
) . \ /\ reserve |
Environmental Testing PSR
Launch Vehicle Services
Launch Vehicle Sevices ﬁ% PDR %R f%{
Ground Systems Development
Ground Systems AN
MDRR FORR




W F OT Wide-Field Infrared Survey Telescope

Costing process

* Contractin place

 Master equipment lists in work

* In-house “PriceH” parametric estimate {May-June}

* Aerospace “CATE” [cost and technical esimate] to follow




W F OT Wide-Field Infrared Survey Telescope

Payload design documentation

* Field of view graphic

* Ray trace & observatory views

* ImC mode design residual map

* SpC mode design residual box plot

e Spot diagrams

e Distortion plot

* SpC prism Dg(A) curves {preliminary}
* Throughput estimate




| OT' Wide-Field Infrared Survey Telescope

DRM?2 ImC error residual wavefront error map, 1lum

3.96E-002

7x2 @ 0.18"/p, 0.585 sq.deg

3.55E-002

3.14E-002

0.429°

2.72E-002

2.31E-002

1.90E-002
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F IlR T Wide-Field Infrared Survey Telescope
DRM?2 SpC residual error distribution

DeS|gn reSIduaI wavefronterrordlstrlbutlon across fleld and

300 1 “wavelength
250 4o £ Min Outlier ¥ Max Outlier ¢ average =—TotalSpCbudget
£ 200
S
@
+= 150
o
:
= 100

50

1700.00 1800.00 2000.00 2200.00 2400.00

Spectrometer wavefront errordistribution at wavelength (nm) shown
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F IlR T Wide-Field Infrared Survey Telescope
DRM?2 Imaging spot diagram

Wavelength-— > 1.000000 2.000000 1.720000 2.020000
Field o
0.0000, 0.0000 (deqg) 21@?%
™

0.0000, 0.2140 (deqg)

0.0000, -0.2140 (deq)

0.5600, 0.2140 (deqg)

-0.5600, 0.2140 (deq)

-0.5600, -0.2140 (deg)

0.7750, 0.0000 (deqg)

0.7750, 0.2140 (deqg)

0.7750, —-0.2140 (deg)

-0.7750, 0.0000 (degq)

-0.7750, 0.2140 (deq)

-0.7750, -0.2140 (deg)

POOHPDOPD®® @@

Surface IMA: FPA

Matrix Spot Diagram
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T Wide-Field Infrared Survey Telescope
DRMZ GRS prism matrix spot diagram

1.720000 2.020000

Wavelength- > 1.700000 2.000000
Field

0.0000, 0.0000 (deqg)

0.0000, 0.2140 (deqg)

0.0000, -0.2140 (degq)

0.5600, 0.2140 (deq)

-0.5600, 0.2140 (deg)

-0.5600, -0.2140 (deg)

0.7750, 0.0000 (deq)

0.7750, 0.2140 (deq)

0.7750, -0.2140 (deq)

-0.7750, 0.0000 (deg)

-0.7750, 0.2140 (deqg)

-0.7750, -0.2140 (deg)

Surface IMA: FPA

Matrix Spot Dlaqram
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Wide-Field Infrared Survey Telescope

DRM2 Grid distortion

* LImaging; R galaxy redshift spectroscopy prism

X 5 . v X X[ xTx % X X
X X
x - - X [x k d x
X ¥ x| X PAS 4 X X
X | X X y — bat
e X X " X
Ko w A
b K
b X X
x| x L x | X X x| v | | X
X | % x | X X X
o =] X XXX % % X X
X
8 X[ A X [¥ XK x| x| x X x[ ¥ X
X
X
X X x x x X X X X X X x X X X X x o x X
Grid Distortion Grid Distortion
DRM2 D. Content/NASA GSFC DRM2 D. Content/NASA GSFC
3/30/2012 3/30/2012
Field: 1.1371 w 1.1371 h Degrees Field: 1.1371 w 1.1371 h Degrees
Image: 199.05 w 206.19 h Millimeters Image: 189.09 w 203.24 h Millimeters
Maximum distortion: 1.2342% drm2_120330a.zmx Maximum distortion: 1.5573% drm2_120330a.zmx
Scale: 10.000X, Wavelength: 1.0000 um Configuration 1 of 2 Scale: 10.000X, Wavelength: 1.7000 um Configu_ration 2 of 2
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W F OT Wide-Field Infrared Survey Telescope

DRM2 Dy — preliminary dispersion

* Bandpass (TBR) is | Dtheta, arcsec
1.3-2.4um [z range 300 -
1-2.6] ) Al
* ADEPT requirement on | oeersion s, e * "
Dg == A/{dN\/d{¥]} 100 1
where [¥] is sky angle >
was range 200-240 a7 as a1 s

Wavelength, um

over 1.3-2.0um

* ISWG requirement was
Dg >100 A

* New materials being
investigated




Throughput 1 of 3 ; imaging mode

date

comment

2/9/2012

initial release, revised from
WIDRM1_throughput_ 111103

Effective Atea Analysis

I

D Content

Mm wavelength

um|

Mas wavelength

‘Mirror coatinz| pAZ or pAy|

[Eilter mame

[ceazmton ste: | ImC [smgl chnl imag(
L 1

Murror diameter

I
11 |miror zeometric area
7l

JArea (m"2

area factior
area fraction los

th
Wavelengih spacing

0)

0.040 |

T Toss at EOL|

0.02]

Rel bandpass

Dichroic TR, #

3ssumed max band;

0|

[Dichroic

Contami-
[nation loss

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

098

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

0.98

aperture
T

0.80
0.70
0.60
0.50

§ 0.40
0.30
0.20

0.10

Aeff (m"2)

Aeff..

15
Wavelength (um)

25

0.98

0.98

0.98

0.98

0.9307

0.98

05408

098

0.9505

098

09504

098

09703

098

0.9802

098

09901

0.98

1.0000

average

0.9894

09812

1.0000

0.9800

08447

[RMS

0.0024

0.0092

0.0000

0.0000

0.0840

0.9750

0.9500

1.0000

0.9800

0.7000

[max

0.9900

0.9893

1.0000

0.9800

0.9209

2/13/2012

QE model updated with mtemal trap
inefficiency and 70% floor

3/30/2012

revising DRM1 to DRM?2 - aperture & 2 more
fold flats. SpC blue edge
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T

Wide-Field Infrared Survey Telescope

nroughput, 2 of 3: galaxy redshift spectroscopy

Effective Area Analysis

Iconﬁguramm atle: I SpC ]
|

D Content | 4 [ | | |
Min wavelength uﬂl 17| Mirror diameter| g] l.llmu'ror geometric area
Max wavelength| um| 2.4 # mirrors| 7 |Area (m"2) 0.950
Mirror coating| pAgor p.-\\d pAul # refractive elements (lens prism/dichroic))| 4lilluminatated aperture 0912
[ﬁl(ex name linear obscuration ratio (HST=0.33) o T
3/30/2012|revisinz DRM]jum 2.05) area fraction lost to SM vanes| 0)
fraction width of bandpass, R 0.3415) area fraction lost to pupil mask 0.040) Aeff (mAZ)
wavelength spacing| um| 00241 C i loss at EOL| 0.02
Rel. bandpass [ 0.3415 Dichroic TR, 2 T o 0.80
assumed max bandpass efficiency, 0.9500 |m°2
Lens
Antireflection combined
Mirmror coating Bandpass Optical [combined |transmission
jwavelength  [reflectivity transmission,  |filter rans- Through- [reflectivity [of lenses &  |Contami- (detector 070 — - - =
(um) (Protected Au) [per surface mission Dichroic  |put of mimors |prisms nation loss |QE Aeff (m"2) -
17| 0.9900 0.9831 0.95| 1.0000| 0.7726 | 0.9321 0.8289 0.98 0200 0.622
1.7241]  0.9900 09831 0.95] 1.0000] 0.7726 | 0.9321 0.8289 0.98
1.7483| 0.9900 0.9867| 0.95| 1.0000] 0.7956 | 0.9321 0.8536 0.98 0.60 -
17724 0.9500 0.9903 0.95] T.0000] 0.8193 [ 09321 0.8790 098 -
1.7966| 0.9900 0.9928 0.95| 1.0000] 0.8354 | 0.9321 0.8963 0.98
1.8207| 0.9900 0.9952 0.95[ 1.0000| 0.8518 | 0.9321 0.9139 0.98
1.8448 0.9900 0.9955 0.95] 1.0000] 0.8539 | 09321 0.9161 0.98
1.8690[ 0.9900 0.9958 0.95] 1.0000] 0.8560 | 09321 0.9184 0.98 B 0.50
1.8931] 0.9900 0.9961 0.95] 1.0000] 0.8580 | 0.9321 0.9206 0.98
1.9172]  0.9900 0.9964] 0.95] 1.0000] 0.8601 | 0.9321 0.9228 0.8
1.9414] 09900 0.9958 0.95] 1.0000] 0.8560 | 09321 0.9184 0.98 =
1.9655] 0.9900 09952 0.95] 10000 0.8518 | 09321 | 09139 | 098 2040
1.9897  0.9900 0.9946] 0.95[ 1.0000] 0.8477 | 09321 0.9095 0.98
2.0138]  0.9900 0.9940 0.95] 1.0000] 0.8436 [ 0.9321 0.9051 0.98
2.0379[ 0.9900 0.9934] 0.95] 1.0000] 0.8395 | 0.9321 0.9007 0.98
20621 05900 09928 0.95] 1.0000] 0.8354 | 09321 | 0.8963 0.98 0.30
2.0862[ 0.9900 0.9934] 0.95] 1.0000] 0.8395 | 0.9321 0.9007 0.98
2.1103[ 0.9900 0.9940 0.95] 1.0000] 0.8436 | 0.9321 0.9051 0.98
21345  0.9900 0.9946] 0.95] 1.0000] 0.8477 | 09321 0.9095 0.98
2.1586] 0.9900 0.9952 0.95| 1.0000] 0.8518 [ 0.9321 0.9139 0.98 020
0.9900 0.9958 0.95| 1.0000] 0.8560 | 0.9321 0.9184 0.98 — Aeff..
0.9900 0.9964 0.95| 1.0000] 0.8601 | 0.9321 0.9228 0.98
0.9900 0.9961 0.95| 1.0000] 0.8580 | 0.9321 0.9206 0.98
0.9900 0.9958 0.95| 1.0000] 0.8560 | 0.9321 0.9184 0.98 0.10
0.9%00 0.9955 0.95| 1.0000] 0.8539 | 0.9321 0.9161 0.98
0.9900 0.9952 0.95| 1.0000] 0.8518 | 0.9321 0.9139 0.98
0.9900 0.9934] 0.95| 1.0000] 0.8395 | 0.9321 0.9007 0.98
0.9900 0.9915 0.95| 1.0000] 0.8273 | 0.9321 0.8876 0.98 0.00
0.9900 0.9897] 0.95| 1.0000] 0.8153 | 0.9321 0.8748 0.98 .
0.9900 09879] _ 0.95] 1.0000] 0.8035 | 09321 | 08620 | 098 1.5 1.7 1.9 21 23 25
0.9900 0.9932 0.9500 0.8385 | 0.9321 0.8996 0.9800
0.0000 | 00037 | 0.0000 0.0243 | 00000 | _0.0261 | 00000 Wavelength (um)
0.9900 0.9831 0.9500 0.7726 | 0.9321 0.8289 0.9800
0.9900 0.9964 0.9500 0.8601 | 0.9321 0.9228 0.9800 L L I L L ! L I !
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Wide-Field Infrared Survey Telescope

Throughput, 3 of 3: SN 1a spectroscopy

[Effective Area Analysis [ronfizuntion title: | SN spee [ [ [
[D-Conteat | I | 1 1 ] | [
Min wavelensth| um 0.6 Mirror diameter] m| l.llmin'ox seometric area
Max wavelength| um| 2.4 # mirrors| 7] [Area (m"2) 0.950
Mirror coating| pAg or pAu pPAu| # refractive elements (lens/prnsm/dichroic) 4|illuminatated aperture 0912
[filter name linear obscuration ratio (HST=0 o ]
3/30/2012[revising DRM1jum 15| area fraction lost to SM vanes) o I
fraction width of bandpass, R 1.2000) area fraction lost to pupil mask 0.040| Aeff (m A2 ) 1
wavelength spacing| um| 00621 C i loss at EOL| 0.02 1
Rel. bandpass | 1.2000 Dichroic TR, =2 T o 0.70 _
assumed max bcmgqass efficiency| 0.9500 m"2 ]
ens
Antireflection combined
Mimor coating Bandpass Optical [combined |transmission
[wavelenzth  |reflectivity transmission.  |filter trans- Through- [reflectivity [of lenses &  [Contami- |detector
(um) (Protected Au) |per surface mission Dichroic |put of mirrors  |prisms nation loss [QE Aeff (m"2) 0.60
0.6] 05200 09406] 095 1.0000] 03247 | 05578 | 05821 | 098 55 ]
0.6621] 0.9450 0.9406] 0.95] 1.0000[ 0.3917 | 0.6730 0.5821 0.98 T ]
0.7241| 05700 0.9533 0.95[ 1.0000] 0.5237 | 0.8080 0.98 o ]
0.7862] 05750 0.9661 0.95] 1.0000] 0.6036 | 0.83376 098 ]
0.5483] 09800 09745 0.95] 1.0000] 0.6710 | 0.8681 098 0.50
0.9103| 0.9900 0.9830) 0.95[ 1.0000] 0.7721 | 09321 0.98 [ |
0.9724]  0.9900 0.9841 0.95] 1.0000[ 0.7788 [ 0.9321 0.98 ]
1.0345] 0.9900 0.95[ 1.0000[ 0.7856 | 0.9321 0.98 |
1.0966( 0.9900 0.95] 1.0000( 0.7924 | 0.9321 0.98 0.40 :
1.1586] 0.9900 0.95] 1.0000[ 0.7992 | 0.9321 0.98 . o
1.2207| 0.9900 0.95] 1.0000[ 0.7856 | 0.9321 0.98 =
12828 0.9900 0.95] 1.0000{ 0.7721 | 0.9321 0.98 2 :
1.3448|  0.9900 0.95] 1.0000[ 0.7589 | 0.9321 0.98 ]
1.4069| 0.9900 0.95] 1.0000[ 0.7459 | 0.9321 0.8 0.30 I
1.4690]  0.9900 0.95] 1.0000{ 0.7330 | 0.9321 0.98
5 0.9900 0.95] 10000] 0.7204 | 09321 098 ]
0.9900 0.95] 1.0000] 0.7330 | 0.9321 0.98 ]
0.9900 0.95] 1.0000] 0.7459 [ 0.9321 0.98 ]
0.5900 0.95] 1.0000[ 0.7589 | 09321 0.98 0.20
0.9900 0.95] 1.0000f 0.7721 | 0.9321 0.8 ]
0.9900 0.95[ 1.0000] 0.7856 | 0.9321 0.98 — Aeff .. :
0.9900 0.95[ 1.0000] 0.7992 | 0.9321 0.98 ]
0.9900 0.95] 1.0000{ 0.7924 | 0.9321 0.98 ]
2.0276] 0.9900 0.95[ 1.0000] 0.7856 | 0.9321 0.98 0.10 ]
2.08%7| 0.9%00 0.9841 0.95| 1.0000[ 0.7788 | 0.9321 0.98 .
0.9900 0.9830 0.95] 1.0000{ 0.7721 | 0.9321 0.98 ]
0.9900 0.9767 0.95[ 1.0000] 0.7330 | 0.9321 0.98 ]
0.9900 0.9703 0.95[ 1.0000] 0.6957 | 0.9321 0.98 0.00 ]
0.9900 0.9639 0.95] 1.0000{ 0.6600 | 0.9321 0.98 .
0.5900 09633 05| 1.0000] 0.6600 | 09321 098 0.5 1 1.5 2 25
average 0.9847 0.9762 0.9500 0.7144 | 0.9015 0.9800
RS 00153 | 00126 | 00000 0.1157 | 00846 0.0000 Wavelength (um) ]
min 0.9200 0.9406 0.9500 0.3247 | 0.5578 0.9800 ]
max 0.9900 0.9873 0.9500 0.7992 | 0.9321 0.9800 L 1 I I L L L L 1 1 1 L




