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WFIRST DRM candidate desigh summary

e At SDT6 2/2-3/2012 consensus for full-up mission, aka “DRM1” was:

 1.3m aperture, unobscured three mirror anastigmat telescope

e Single channel instrument
* Imaging with filter wheel

e Prisms with 1-2 prism assemblies for single or counter-dispersed galaxy redshift survey
respectively plus SN 1a spectroscopy prism assembly

* Extend to 2.4um cutoff
* No requirement to fit on Falcon9 launch vehicle
136 degree pitch range [relative to 90 degrees from sun to center of FOV]

* Two options for this design are given some initial documentation

here:

* [baseline] DRM1 is based on a 9x4 H2RG layout focal plane array
« DRM1a [requires H4RG(-10) at TRL6] is based on a 6x3 H4RG(-10) layout FPA
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WFIRST DRM1 desigh summary

title DRM1 H2D3 1.3m 9 single channel
. outrigger
e DRM1is based on a 9x4 H2RG filled ImC/SpC  |FGS Aux FGS
npix 2040 2040 2040
pixel size mm 0.018 0.018 0.018
IayOUt focal plane array pixel scale "p 0.180 0.18 0.208
) ) 9 1 1
— 0.18”/pixel, ie same focal length and f/# -, ; : 1
total x deg 1.081 0.102 0.118
as ImC on IDRM]‘ total v deg 0.469 0.102 0.118
. total area/channel |deg"2 0.507 0.010 0.014
— Same detector and pixel count as total active area |deg™? 0375 0021] 0014
focal length m 20 62664| 20.62664| 17.84997
IDRM]‘ aperture m 1.3 1.3 1.3
) ) systern f/# 15867| 15867| 13731
— 0.356 sq deg active pixels, 20% gaps obscured fraction 0000 0000 0000
o ) ) o ) A m2 1327 12327] 1327
— Auxiliary fine guider for guiding during  A-omegaest |modeq2 0497 0.028] __0.018
Mpix 149 8 83 42
spectroscopy modes

. . . L . field size x mm 389232| 36.72| 3672
— Outrigger fine guider for guiding during  Tedsizey i 168.912] _ 36.72] _ 36.12
imaging modes X gap angle deg 0.0204] 00204] 00236
. y gap angle deg 0.0204 0.0204 0.0236
— 0.387 IDRM ImC AQ < this AQ < 0.690 chip size mm 3672] 3672|3672
0102| 0102] 0118

IDRM SpC AQ [mzdegz] ;hsiiisggfsm = 36
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WFIRST DRM1a candidate design summary

title DRM1 HAD3 sngl chnnl 6x3
° FGS
D RM 1a IS baSEd On a 6X3 fifled AuxFGS | outrigger | ImC/SpC
npix 2040 2040 4088
H4RG(-10) |ay0ut fOCaI plane pixel size mm 0018 0018 0.01
pixel scale "o 0.251 0.306 0.170
N 1 1 6
array - 7 2 3
” o total x deg 0.142 0.173 1.351
 0.17”/pixel, f/9.33, 12.13m focal length fotal v dod 3210 0357 Tees
. active area degh2 0.040 0.060 0.671
* Fewer detector arrays, Iarger plxel count as total area/channel |deg”?2 0.044 0.063 0.887
compared to IDRM1 focal length m 14.80086| 12.13332| 12.13332
. . . aperture m 1.3 1.3 1.3
 0.671 sq deg active pixels, 300 Mpix system 11.385| _ 9.333] _ 0.333
. obscured fraction 0.000 0.000 0.000
 May be descoped for cost when cost guidance —e 1327 1327 1327
is received A - omega est. m2deg2 0.054 0.080 0.890
Mpix 16.6 16.6 300.8
e 20% gaps
- . . . . field size x mm 36.72 36.72 286.16
* Auxiliary fine guider will be added for guiding  Fagsizey o 2003 7644 138.992
during spectroscopy modes
X gap angle deqg 0.0203 0.0142 0.0386
* Outrigger fine guider will be added for guiding gapange deg 0.0295] 00142 0.0386
. ] . chip size mm 36.72 36.72 40.88
during imaging modes chip angle deg 0.142] _0473] _ 0.193
# science SCA 18

* 0.387 IDRM ImC AQ < 0.690 IDRM SpC AQ [m?deg?]
< this AQ
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WFIRST’s Central Line of Sight (LOS) Field of Regard (FOR)

Observing Zone N trartis

a = Y

54°-126° Pitch off Sun Line ' SNeFields Fixed Fields must
360° Yaw about Sun Ling / ‘\\ I,’I //' be within 20° of
+1f?° roll about LO”‘? one of the Ecliptic
(off max power roll*) Poles, and can
* Larger roll allowed for SNg \‘\‘\ I,/I be rotated every
N C ~45 days
+54°
___________________________ )
Keep-Out Keep-Ou
Zone , SN Zone

WL/ BAO-RSD/ Obsprving Zote ExP can observe
GI/ GP Surveys ' Voo Inertially Fixed
can be optimized Flelds n the
within the full Galactic Bulge (GB)

\ for 72 days twice a

/ SNe Fields yedr

Observing Zone
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DRM1 ray trace

Warm side

Prism assembly

Cold stop
& Filter

L. |
cold side
3D Layout
2%0335‘520096 D. Content/NASA GSFC
Scale: 0.0600 333.33 Millimeters

H2D3 1202109%a.zmx
Configuration: All 3
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DRM1a ray trace

4 Warm side

/ PM = M
A\ \\ Prism assembly

\
B\

;__:—;—:f—_—ﬁﬁiﬁ%ﬂ Cold stop
T v ¢/ &Filter

cold side
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DRM1 CAD views

FPA | filter {not s#own}

adiator (1 o=E==

Solar array/sunshade

Grid is 1m 8
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Front view showing shadowing of SAS

e Payload is shadowed over
entire Field of regard

* Mass summary:

N. Armani DRM1 1.3m
5/16/2012 1-Channel

| mass (kg) % of SC

Payload Mass 761.3 39.46
SC Mass 1056.0 54.73
Propellant Mass 112 5.81
Observatory Wet Mass Total (CBE) 1929.3 100.0
Falcon-9 LV to C3 Capability

Falcon 9 LV mass margin {against wet CBE) 31.14
Atlas V to C3 Capability

ATLAS V LV mass margin {against wet CBE) 58.87
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e All shown on
orbit, with field
of view up and
sun to left

WFIRST 0
DRM1
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Backup charts — performance for DRM1, DRM1a

* Ray trace

* ImC mode design residual map

* SpC mode design residual box plot

e Spot diagrams

e Distortion plot

* SpC prism Dg(A) curves {preliminary}
* Prism complexity table

* Throughput estimate
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DRM1 ImC error residual map, 1um

2.34E-002

2.05E-002

Single channel FPA: 9x4 @ 0.18"/p;

g

1.75E-002

0.469°
1.46E-002

1.17E-002

1.084°

0

. 71E-003
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DRM1 SpC residual error distribution

Design residual wavefront error distribution across field and wavelength

250 T
200 +
Min Outlier X Max Outlier average —Total SpC budget
£
o 150 ~
o
o
T
o
2 100 -
@®
; T
50 | L ; X | |
JI. I—l_l -I_
O T T T T
1300.00 1600.00 1800.00 2000.00 2400.00

Spectrometer wavefront error distribution at wavelength (nm) shown

Much slower SpC (f/13.7) than previous, improved residuals




Wide-Field Infrared Survey Telescope

DRM1 ImC spot diagram

0BJ: 0.0000, 0.0000 (deg) 0BJ: 0.0000, 0.2350 (deq) 0BJ: 0.0000, -0.2350 (deg) 0BJ: 0.2800, 0.0000 (deq)

IMA: 0.017, -293.188 mm IMA: -0.017, -125.739% mm IMA: -96.950, -208.870 mm
a
OBJ: 0BJ: -0.2800, -0.2350 (deq) (deq) 0BJ: 0.5410, 0.2350 (deqg) *

IMA: -97.767, -293.474 mm IMA: 96.203, -125.866 mm IMR: -187.664, -209.448 mm IMA: -189.265, -294.216 mm

0BJ: 0.5410, -0.2350 (deg) OBJ: (deg) 0BJ: -0.5410, 0.2350 (deg) 0BJ: -0.5410, -0.2350 (deg)

IMA: IMA: 187.663, -209.368 mm IMR: 189.298, -294.134 mm IMA: 186.230, -126.250 mm
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DRM1 Grid distortion

* LImC, RSpC
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Grid Distortion Grid Distortion
TMA Telescope D. Content/NASA GSFC |ITME Telescope D. Content/NASA GSFC
2/10/2012 2/10/2012
Field: 1.0810 w 0.4690 h Degrees Field: 1.0810 w 0.4690 h Degrees
Image: 374.05 w 167.02 h Millimeters Image: 377.44 w 162.23 h Millimeters
Maximum distortion: 1.3547% H2D3 1202109a.zmx Maximum distortion: 1.3146% H2D3_1202109%a.zmx
Scale: 3.000X, Wavelength: 1.0000 um Configuration 1 of 3 |5cale: 3.000X, Wavelength: 1.3000 um Configuration 2 of 3

16



W]FH]R\ - T Wide-Field Infrared Survey Telescope

DRM1 Dy — preliminary dispersion

 Bandpass (TBR) is
1.3-2.4um [z range 300

1-26] 250 /
* ADEPT requirement on

Dy == A/{dA/da} where

a is sky angle was 2

range 200-240 over 1 12 14 16 18 2 22 24
1.3-2.0um

* ISWG requirement was
Dg >100 A

* New materials being
investigated

DB, arcsec




WIFIR ST

Wide-Field Infrared Survey Telescope

Prism complexity

Conic is axisymmetric surface
with conic constant{¥j1

Zernikel5 is a general
freeform asphere described
by up to 15 Zernike terms

Biconic is surface with
differing x, y radii and conic
constants

Cylinder has either x ory
curvature but other axis is flat

All prism sets have P2 made
from S-TIH1 and rest at CaF2

Design IDRM H2D3 H4D3
pixel scale, " 0.45 0.18 0.17
# prisms 3 4 4
# lenses 4 0 0
# mechanisms 0 1 1
/s 6.35 15.9 9.3
P1 51 sphere sphere biconic
P1S2 sphere sphere sphere
P2 S1 sphere sphere sphere
P2 S2 sphere sphere sphere
P32 51 sphere sphere sphere
P3 S2 conic sphere biconic
P4 31 n/a Zernikel5 | Zernikel5
P4 S2 n/a cylinder | sphere
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- T Wide-Field Infrared Survey Telescope

DRM1a ImC error residual map, 1um

0.656°

kB

1.351°

4.94E-002

4.30E-002

3.65E-002

3.01E-002

2.37E-002

1.73E-002
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DRM1a SpC residual error distribution

Design residual wavefront error distribution across field and
250 -

wavelength

200 - Min Outlier X Max Outlier
c average —Total SpC budget N
c X
§ 150 ~
o
T
o
g X

T
50 ~ I_.I._I | I | I_l_l
O T T T T
1300 1600 1800 2000 2400

Spectrometer wavefront error distribution at wavelength (nm) shown

A bit slower SpC (f/13.7) than previous, but
larger field; mixed result




+ 1.0000
[} 2 3800
W ] 0lUU
s 1.8000
* 2.0000
* 2.100

Surface IMA: FRA

Spot Diagram

TMA Telescope

24‘/\13/2012 Units are pm.

adius: 21.01 pm

D. Content/NASA GSFC

H4d3 120211dv.zmx
Configuration 1 of 3
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Field :
0.0000, 0.0000 (deqg)

Wavelength-> 1.300000 1.320000 1..400660 1.500000 1,600000

t+

0.0000, 0.3280 (deg)

00°0¢

0.0000, -0.3280 (deq)

0.2800, 0.0000 (deqg)

0.2800, 0.3280 (deqg)
S

-0.2800, -0.3280 (deqg) +

e F

0.6770, 0.0000 (deqg)

0.6770, 0.3280 (deqg)

0.6770, -0.3280 (deqg)

-0.6770, 0.0000 (deg)

+

BRI aee0eE

-0.6770, 0.3280 (deg)

-0.6770, -0.3280 (deg)

Surface IMA: FPA

Matrix Spot Diagram
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DRM1a Dy -- preliminary

 Bandpass (TBR) is
1.3-2.4um [z range

1-2.6]
DO, arcsec
* ADEPT requirement on =
DG == )\/{d}\/da} where DB, arcsec
a is sky angle was
range 200-240 asec 200
over 1.3-2.0um

120

¢ ISWG reqUIrement wWas 1.2 1.4 1.6 1.8 2 2.2 2.4
Dg >100 A

* New materials being
investigated
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Throughput comments

* QE estimated updated, again

— Now includes “internal trap inefficiency” model which degrades
short wavelength response somewhat
— Net result is less effective area below ~1.5um
e Similar average (81%) 0.6-2.0 to IDRM1 baseline and prior results

e Retained gold mirror coatings

 SpC mode improves, 4 instead of 3 prisms but 4 focal reducer
lenses are not used

* ImC mode optical throughput nearly unchanged; 1 fewer fold
mirror

Mode units ImC 3pC 3n Spec.
bandpass blue edge 0.79 13 0.6
bandpass red edge 2.4 2.4 2.4

Average Aeff 0.9644 0.9208 0.7675

Throughput summary table min Acff 06956 | 07216 | 03617

max Aeff 1.0653 0.9857 0.9303

CHENENERE
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ImC throughput — note, applies for DRM1 & DRM1a

e I T ]
] I
Memor e |
& zxzec]
A Tie sacoet et
T cbeashan 185 (T 2 2 |
BT fLter Temder WO 2rwa SacT0m 10w 1 WM vaed
Bactoe Wik ol tendis e Balfice ol 15 pail el Aeff (m*2)
r T r .
1 2 25
Wi m
+ .
+ .
. .
. .
. .
) ] o
. .
§ 478 J o3 S
v . .
1 : 208 355 24)% | |
1 6 453 (] 2! 143°
15233] 05 05646 93 J pol 14054
average 09894 1.0000 00628 | 0.0800 | 0.8447
RMS 0.0024 0.0000 00179 | 0.0000 | 0.0840| 0.1082
|min 5 1.0000 00026 | 0.0800 [ 0.7000| 0.6956
max 1.0000 09787 0.9800 | 0.9200] 10653
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roughpu

P

Wide-Field Infrared Survey Telescope

— note, applies for DRIV

[Effective Avea Analysis

]:v;Ezu oo title

| ETS

DRM1a

l

Coatent |

I 1

1

Mm wavelength

Max wavelength

Mzror coating] pAZ or pAng

[ Eiter name

bandpass filter center. w jum

fracton width of bandpass, B

wavelengh spacing

Mirror diameter m] 1. marror geometric area
§ [Azea (=2
# refractive elements (Jemsprs d|iummatated aperture
Enear obscuration o]
area fract L
area Bactoa 0.040 : Aeff (m/\2)
Contazunat 092

el bazdpats

Dichroic TR #

1.20

1.7

Wavelength (um)

assumed max bandpass m")
T
Areseflectioe
Mzror costizg comiziad
nfechury | mammasaca tedlecmnay [
Protected Au)lper suface of e nanon o
0.0900 0.9706] 0.9510 098 1.00
0 9706 098
I 09760 098
T UU83Y 098
098
038 0.80
098
09510 098
09510 098
09510 098
09510 098 0893| 0954 b =
09510 098 39011 0950 20 60
09510 098 0505| O0.M6
09510 098 s8] 0941
09510 098 2510] 0.933
09510 098 05121 0930
09510 098 2914 0.039 0.40
09510 098 0915 0549
0 9905 09510 098 0516] 00958
| 0.9916f 09510 098 :9]!' 0.967
0 09510 098
00037 09510 098
00032 09510 098 0.20
0.9926f 09510 098
09921 09510 098
09916 09510 0 098
| oussd 09310 098
09853 09510 098
| 00821 09510 098 ) 0.00
1 09700 09510 > 098 0.52
average | 09881 09510 0 8641 09800 | 08963 |
RMS 0.0064 0.0000 0.0432 00000 | 00312
min 0.9706 09510 0.7480 09800 | 08123
Imx 0.9937 09510 09031 09800 | 09209 I

| LI

[[L]]]

LI

[T

l

l

||
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SN spectroscopy throughput — note, applies for DRM1 & DRM1a

|Effective Area Analysis | I [confzmationtide: | SN spec [ I
[D-Coaret | I | _| [ I I [
M wavelength um| 0.6 Mirror diameter m 1.3)mirror geometric area
Max wavelength um| 24 # marrors §| Area (m"2 1.327
Marror coating| pAg or pAu pAn/ # refractive (lens/prism/dichroic)) 4 ted aperture 1.274
[filter name Linear obscuration ratio (HST=0.33) of | L
bandpass filter center. w0|um 15 area fraction lost to SM vanes 0l | |
Facuon width of bandpass, R 1.2000 area fraction lost to pupll mask 0.040 | Aeff (m"2) |
wavelength spaang| um| 0.0621 Contamination loss at EOL| 0.02
Rel bandpass | 12000 Dichroic TR # T Bt 1.00 |
assumed max bandpass effaency 0.9500 m"2 |
Lens
Arrireflaction combinad
Mirror coating Bandpass Optical |combined |transmission 090
reflectivity  |tramspmssion,  |flter rams- Through- [reflectivity [oflenses &  [Comtami- |[detector
(Protectad Au)|per surface mission Dichroic _|put of perrors  [priams mation loss |QE Aeff (")) |
0.9200 0.9406 0.95] 1.0000] 0.3836| 0.6591 | 0.5821 0.98 53] 0362 ,
05350 05406] 053] 1.0000] 0.4387| 0.7536 | 03821 | 098 0418 0.80 — 1
0.9700 0.9533 0.95] 1.0000] 0.5566| 0.8587 0.98 0.511 !
09750 09661 053] 1.0000] 0.6550] 0.8811 098 0.556 ]
0.9800 0.9745 0.95] 1.0000] 0.6987| 0.9039 0.98 0.611 0.70 |
0.9900 0.9830 0.95] 1.0000] 0.7878 | 0.9510 0.8 0689 || |
0.9900 0.9841 0.95] 1.0000] 0.7936 | 0.5510 0.98 0.695 |
0.9900 0.9832 0.95] 1.0000] 0.8015| 0.9510 0.98 0.710 0.60 |
0.9900 0.9862 0.55[ 1.0000] 0.8085 | 0.5510 09 0.740 : [
0.9900 09873 0.95]_1.0000] 0.8154| 0.5510 09 0.772 |
0.9900 0.9832 0.95] 1.0000] 0.8015| 0.5510 0.9 0.783 = L
0.9900 09830] 053] 1.0000] 0.7878| 09510 0.98 0.793 £0.50 |
0.9900 0.9809 0.55[ 1.0000] 0.7743 | 0.5510 0.98 0.800
0.9500 9788 095| 10000 0.7610| 09510 0.98 0.805 ]
0.9900 09767 095 1.0000 0.7479| 0.9510 0.98 0.807 0.40 B
0.9900 09745 095 1.0000] 0.7350| 0.9510 0.8 0.804 |
0.9900 09767 0.95] 1.0000] 0.7479 | 0.5510 0.98 0.828 |
0.9900 0.9788 0.95] 1.0000] 0.7610| 0.9510 0.98 0.851 0.30 |
0.9900 0.9809 0.95] 1.0000| 0.7743 | 0.9510 0.98 0872 :
0.9900 0.9830 0.95] 1.0000] 0.7878 | 0.9510 0.98 0.892 |
0.9900 09832 0.95] 1.0000] 0.8015| 0.9510 0.98 0511 —Aeff.. ]
0.9900 09873] 0935 1.0000] 0.8154| 09510 0.98 0.930 0.20 |
0.9900 0.9862 0.95] 1.0000] 0.8085| 0.9510 098 0925 ]
0.9900 0.9832 0.55[ 1.0000] 0.8015| 0.9510 0.98 0918 [
0.9900 0.9841 0.95] 1.0000] 0.7946 | 0.9510 0.98 0912 0.10 L
0.9900 0.95] 1.0000] 0.7878 | 0.5510 0.98 0.503 [
0.9900 0.55[ 1.0000] 0.7479 | 0.5510 0.98 0.860 [
0.9900 0.95] 1.0000] 0.7098 | 0.5510 0.98 0.816 0.00
0.9900 095 1.0000] 06734 0.9510 058 0.774 : J " ) |
0.9%00 095 _T.0000] 06734 | 0.9510 098 0773 0.5 1 1.5 2 25 [
average 0.9847 0.9500 0.7338 | 09277 0.9800 | 0.8343| 0.7675
RS 0.0153 0.0000 0.1062 | 0.0633 0.0000 | 0.0865 | 0.1469 Wavelength (um) ]
min 0.9200 0.9500 0.3836 | 0.6591 0.9800 | 0.7000| 0.3617 1
max 0.9900 0.9500 0.8154] 09510 0.9800 | 0.9208 [ 0.9303 : : : : : : : : : i i :
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