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Payload overview:
WFIRST AFT SDT #1 11/19/12

1. Use As Is definition

2. Wide field instrument requirements from past
DRMs

— Stray light requirement & approach

3. Payload optical form and optical layout
4. Payload packaging

5. Payload performance [outline only so far]

IDRM temperature & wavefront stability as
suggestion of stability of AFTA [not yet included]
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1. Definition of “Use as is” (1 of 2)

e Point is to minimize cost and risk of telescope element
— No change to mirror prescriptions for primary and secondary mirrors

— Use current protected Silver coatings; if absolutely necessary (probable
based on the test report), re-coat using same or other mature process.

— The current secondary mirror is on a 7 DoF mount, and this system may
have scientific utility (e.g. for weak lensing and precision photometry)

e The optical elements and structure been designed for specific
operating and survival temperature ranges, and Observatory
operating temperature should be consistent with this,
recognizing:

— Telescope will run colder pointed to space than the Earth-pointing design
case

— The temperature range can be reduced within its survival range consistent
with the required optical wavefront accuracy.

— The optical and/or system performance may degrade as temperature is
reduced from design point of 293K, though for the wide field science the
error budget allocation may be more tolerant than for the original visible
wavelength design.

— New thermal blanketing will be required (need to replace previous )
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Definition of “Use as is” (2 of 2)

e Instruments (optics behind after metering structure) must
adjust focal length, and correct aberrations (including
field curvature) over the field of view, noting the 7 DoF
secondary could be used to correct the image

e Coronagraph can use small, already corrected on — axis field of
view
 Work with existing hardware to the maximum extent

possible

— Use existing outer barrel, but adjust position to improve stray light
rejection
— Use existing doors and hinges. Replace actuators.

— Use existing heaters; new proportional heater control (no existing thermal
control electronics) and possible replacement of temperature sensors

— Use existing designs and drawings for actuator motors and electronics
(need to replace previous)

— Use existing aft metering structure mounted interfaces to the spacecraft
— Use existing instrument mechanical interfaces for the instrument carrier
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7. WFIRST AFTA wide field instrument

requirements overview

e Most of these requirements are ‘grandfathered’ from smaller
[1.1-1.5m telescope aperture] prior point designs

— The ones most urgently in need of review are called out

e Temperatures of telescope, instrument, focal plane, & radiator are
linked, and also linked with red cutoff wavelength for imaging and
spectroscopy of WFI

— Very preliminary indications that telescope may work well as low as
250K

» Pending thermal analysis looking up to determine T range

— MUST change to H4RG SCAs to allow sky coverage with reasonable
# of SCAs (18 H4RGs is same pixel count as 72 H2RGS)

 Choosing to guide off science SCAs, don’t add ‘engineering’ SCAs when
SCAs are designed to provide guide window functionality

— We are seeking feedback/updates on these requirements




SDT report — requirements flowdown foldout

MEIRST Scisnce Objsctives:

1) Complete the stalisfical census of planstary systems in the Galaxy, from the outer habitable zone fo free floating plansts. incliding analogs of all of the planets i owr

‘Solar System with the mass of Mars or graater.

| Determine the expansion hisiory of the Liniverse and the growth history of its largest structures in order o fest

zion including Dark Enenyy and me-difications to Emstein's gravity.

3) Produce a desp map of the sky at NIR wavelengths, enabling new and fundamenial discoveres ranging from mapping the Galactic plane o proking the reionizafion

epoch by finding bright quasars at z=+10.

m

) Provide a general clserver program wuflizing a minimum of 10% of the mission minimum Ifetime

=sible explanations of its apparent accelerating expan-

WFIRST Survey Capability Rgta

'WFIRST Data Sot Rgta

Exoplanst Microlenaing Survey
Planet detection capabiity to ~0.1 Earth mass (Mg)
Detects = 1500 bound cold planets in the mass range of 0.1-10,000
Earh masses, inchding 150 planets with mass <3 Earth masses
Dietects = 20 free fioatng Earth-mass plansts

Dark Enargy Surveys
Galaxy Redshift Survey (GRS

=140 deg? per dedicated dosening year [combined HLS imaging
and speciroscopy]

A comiaving density of galaxy redshifis at z=2 of 2 810 Mpe®
Redshiftrange 132227

Redshift errors 20,001 [1+z2), equivalent to 300 km's rms
Misideniified lines =5% per source type, =10% overall, contamina-
tion fracfiors known to 2wi(-

Supemova SH-la Survey
=100 SNe-la per Az=0.1 bin fior most bins for 0.4 =z < 1.2 per
dedicated & months
Oibsarvational noise confribution fo distance modulus error o, <0002
perAz=01bnuptoz=17
Redshift eror o < 0005 per supemiova
Refative insbumental bias =0.005 on phatomedic calibeation across
the wavelength rangs

WL Galaxy Shape Survey
= 1400 deg? per dedicated observing year (combined HLS imaging
and speciroscopy]
Effective galaxy density 230famir?, shapes resolved plus photo-zs
Audditive shear eror <3x10-
Muliiplicaive shear eror =1xi0+
Phato-z error distribution width <0.04(1+z) catastrophic ermor raie
=2%

Excplanst Data Sat Rgts

# Monitor »2 square degrees in e GalacSc Bulge for at least 230 total days
# SN 2100 per exposure for 3 J=20.3 star

# Photomefric sampling cadence of <15 minuies -
» =[4" angular resclution to resalve the brighiest main sequence stars

# Monitor microlensing events cortinuously with a duty cycle of 280% for at least 60 days
# Sample light curves with W fitter

# Monitor fields with Y filker, 1 exposure every 12 hours

# Separation of »2 years between first and last obsening seasons

Mear Infrarsd Survey

|dentify =100 auasars at redshifi z =7

Exiend studies of galaxy formation and evolution to z > 1 by making
sensifive, wide-field images of the extragalactic sky at near-nfrared
wavelengths, thersy obtaining broad-band speciral encrgy distribu-
tions of = 1x10® galaxies atz>1

# Map the struciure of the Galaxy using red giant dump siars as trac-
ers

- -

Dark Energy Data Sets

GRS Data St Rots
# Slitiess prism, specrometer dispersion Dy, = 130 - 230 arcsec
# 5/N =T for s = 300 mas for Hot emission line flux at 2.0 pm 21 10104 enylemi-s
* Bamdpass 1.3=0=24 um
# Pixel scale 180 mas
# Sysiem PSF EES0% radius 325 mas at 2 ym
# 23 dispersion directions required, two nearly opposed
# Reach Je=24.0 AND (Hie=235 OR Kap=23.1) for ra=0.3 arcsec source at 10 sigma fo
achieve a zero order detection in 2 filkers

Supemova Data Set Rigia

Minimum menitoring time-span for an individual field: ~2 years with a sampiing cadence
=5 days
Cross filker color calibration =0.005
Three filters, approximately J, H, K
Slitless prism spec (P 130) 0.6-2 um, /AR ~75 (SN 2 2 per pixel bin) for redshiftityping
Photometric SN 213 at lightcurve maximum in each band at each redshift
Dither with 30 mas acouracy
Low Galactic dust, E{B-V) =0.02

Wil Data Sst Rats
From Space: 3 shape'color fiter bands () H, and K) and 1 color filer band (Y anly for
phoin-z)
S5/N 218 {matched filter detection significance) per shapeicolor filter for galaxy re = 250
mas and mag AB =239
P5F second moment (L= + Iy} known o a relative emor of = 8 3x10 s (shapelcolor
filters only)
PSF ellipdicity (L, 2%/ {la + Ly mown o < 4. Txd 0 ms (shapelicolor filkers only)
Sysiem PSF EESD radius =166 (J band), 185 (H), or 214 [K) mas
Atleast 5 (HK) or 6 (J) ramdom dithers required for shape/color bands, and 4 for Y at
same dither exposwre time
From Ground: 24 color fiter bands ~0.4 =5 =~0.82 um
From Grownd + Space combined: Comglete an unbiased spectroscopic FZCS traning
data set containing = 100,000 galaxies = mag AB = 239 (in JHK bands) and covering at
least 4 uncorrelated fields; redshift accuracy required is G,<0.01[1+z)

] -

- - -

-

- .

- .

Nsar Infrared Data Set Rgts
Image = 2500 deg? of kigh latifude sky in three near-nfrared filters to minimum depths of |
mag AB =25 at 3MN=3. Fields must also have deep (ground-kased) optical imaging
*  Image 2 1300 deg® of e Galactic plane in three near-infrared filters

See pp 6-8

'WFIR3T DRM1 DesigniOparations Overdiew

Key WFIRST DRM1 Obssrvatory Design Paramsters

# Off-amis focal telescope; 1.3m diameter telescope aperume
» =203 K felescope opfcal swfaces

» Bamdpass 0.6-24 um

» Pointing jitter =40 mas mms/axis

.

.

.

Coarse Pointing Accuracy =~3 arcsec mms/anis

Fine (Relafve/Revisit) Foinfing Accuracy <~23 mas ms/axis

ACS telemetry downlinked for pointing history reconstruction
Imaging Mode:
* Pupi Mask smperature: ~150 K
Effective Area [avg over bandpass):

adpass

0.732 -0.962
0.920 —1.209

778 m?

-

# 1 band parfocal filber set on filter whesl, driven by microlensing, SMe, WL plus open and blank posi- 1.156 - 1.520
. -;ﬁm- HgCaTe 2k x 2k SCAs, 2 Sum, S100K, 180 mas/pix -l
o FOV {active area) = ~0.375 degt, Bandpass 0.6 - 2.4 um 1.826 - 2.400
» 4 Ouirigger FGS SCAs mourited to Focal Plane Assy (FPA], control PitchYaw during imaging mode 0.920 -2 400
* WFE is diffraction Ii'rhed_:_r. dum o ) . 0.60—2.00
* 1 nm rms wavefront stakility during the HLS imaging mode [reguires 0.3 K thermal stakifty) = =
Spectroacopy Mods: 150-2.40

SN Prism: R=15 |2-pix} parfocal, zero deviation prism

M Prism Effecfive Area (avg over bandgass): 0.750 m? (08 to 2.0 pm)

2 oppositely dispersed GRS prisms: D = 180 - 240 arcsec, parfocal, zero deviaton pasm
(GRS Prism Effective Area (avy over bandpass: 0,853 m# [1.5-2.4pm}

& position prsm wheel provides a fail-safe open position ketween each of the above 3 prisms
2 SCAs in an independent awidliary FGS confrol PitchYaw during spectroscopy mode

on
S-year mission ifz, but consumakles required fior 10 yrs
Science Fisld of Regard [FOR): 54" to 125" pitch offthe Sun, 350" yaw
Roll about line of sight +10°, except during SNe cbservations where allowakls roll is £22 5 provide inertially fxed viewing for ~45 days near the eclipiic pole(s)
Gimbaled antenna allows oksarving during downinks
Sewizetie times: ~16 = for dithers, ~38 5 for ~0.7" slews
Me-la Survey (6.48 deg? monitored to z= 0.8, 1.8 deg? monitored fo z=1.7, ~8 months total)
A sample 2-tiered survey capalility (given ~& months dedicated fime) is shown, sach fer optimized for a different z range
Tier 1 (i z=0.8)-18 “shaliow fiekds” total 648 deg®; J134, H188, K211 (300 = @), P130 (1800 5)
Tier 2 {0 = “deap” fizlds total 1.80 deg?, J134, H168, K211 (1500 s {@), F130 (8500 5)
SMe dedicated ime is distibuied in a S-day cadence over ~1.8 years fo provide suitable light curve tracking and acourate host galaxy references (33 hirs of SNe field
monitoring would be done every 3 days for ~1.8 years)
SMe fields are moniiored from end of one exoplamet microlensing Galactic Bulge season unil the start of the 4% following exoplanet microlensing season (~1.8 yrs)
Fields located in low dust regions <20° off an ecliptic pole N and 5 fields not required)
Sub-pixel dithers, accurats to ~25 mas, performed at each poirting
Galaxy Shape + Galaxy Redshift Survey [~1,400 degalyr, 3,400 deg? total)
2imaging passes in each of JHK [shape) and Y (photo-2) fiters
Each imaging pass with the same filter is rofatzd from the other by ~5', and mcludes 4 exposwes (130 sec each), with 3 exposures for 2ach J band pass
9% of imaging field see 25 randomly dithered exposures (2750 sec total) in YHK bands, =6 exposures (2800 sec tofal) in J kand
2 spectromeiry passes in each of 2 oppositely dispersed GRS pRsms
Each specrometry pass with e same peism is rotated from the othes by ~3', and inciudes 2 exposures (530 sec each)
0% of spechroscopy field sees =6 randomly dithered exposures (23180 sec tofal)
Zerg order galaxy detecfion o GRS data =t requirements provided in JH or JK bands by WL imaging passes
Exoplanst Microlenaing Survey [3.38 deg® monitored every 13 min, 144 dayalyr, 1.2 yra fotal)
» The Galactic Bulge is observable for two T2-day seasons each year
» The short revisit cadence impacts other okserving modes while exoplanet data sefs are being acquired. This, in comkination with the field monitoring tme span re-
quired fior SN and the 280 days reauired for microlensing, limits the max aumiber of Galacic Bulge seasons weable for exoplanet observations to six (over 5 yrs)
* In each season 9 fields are revisiied om 3 15 min cadence, viewing in filker W1B6, for light curve tracking except for one exposure every 12 hows that uses the Y107
filbeer for color
» Fields are revisited fo an accuracy of 1 pixel rms; no precise dithers
Galactic Plane Survey {~8 montha total)
® |zes the same survey sirategy (poth exposure times and fling) as the imaging portion of the HLS
* Survey area (TBD),assumed to be the 1240 deg? region with [o|<1.72°for scheduling purposes

s s s s ne e =8 =]

Figure 35: WFIRST requirements flowdown overview

See pp 9-13
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Dark Energy Data Set requirements (1 of 2)

WL Data Set Rqts

— From Space: 3 shape/color filter bands (J,H, and K) and 1 color filter band (Y; only for
photo-z)

— S/N =18 (matched filter detection significance) per shape/color filter for galaxy reff =
250 mas and mag AB = 23.9

— PSF second moment (Ixx + lyy) known to a relative error of = 9.3x10-4 rms
(shape/color filters only)

— PSF ellipticity (Ixx-lyy, 2*Ixy)/ (Ixx + lyy) known to < 4.7x10-4 rms
(shape/color filters only)

— System PSF EE50 radius <166 (J band), 185 (H), or 214 (K) mas

— Atleast 5 (H,K) or 6 (J) random dithers required for shape/color bands, and 4 for Y at
same dither exposure time varies with pixel sampling of psf

— From Ground: =4 color filter bands ~0.4 < A < ~0.92 um

— From Ground + Space combined: Complete an unbiased spectroscopic PZCS training

data set containing = 100,000 galaxies < mag AB = 23.9 (in JHK bands) and covering
at least 4 uncorrelated fields; redshift accuracy required is dz<0.01(1+2z)
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Dark Energy Data Set requirements (2 of 2)

Note: extracted from SDT final report p. 63; changes in red; comments in blue
GRS Data Set Rqts

Slitless prism, spectrometer dispersion D6 150 - 250 arcsec

S/N =7 for reff = 300 mas for Hll emission line flux at 2.0 um =1.1x10-16 erg/cm2-s
Bandpass 1.5 <u< 2.4 um tracks targeted redshift range and achievable bandpass

Pixel scale < 180 mas [under discussion w/ AFTA SDT, 90-130 range]

System PSF EE50% radius 325 mas at 2 ym [this is nearly 3x3 pixels, needs to be
reworked down from science requirements]

>3 dispersion directions required, two nearly opposed

Reach JAB=24.0 AND (HAB=23.5 OR KAB=23.1) for reff=0.3 arcsec source at 10 sigma
to

Achieve a zero order detection in 2 filters

e Supernova Data Set Rqts

Minimum monitoring time-span for an individual field: —2 years with a sampling
cadence<5 days

Cross filter color calibration <0.005

Three filters, approximately J, H, K

Slitless prism spec (P130) 0.6-2 um, A/dA —75 (S/N = 2 per pixel bin) for
redshift/typing

Photometric S/N 215 at lightcurve maximum in each band at each redshift
Dither with 30 mas accuracy

Low Galactic dust, E(B-V) <0.02
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Exoplanet microlensing & IR survey data set requirements
Note: extracted from SDT final report p. 63; changes in red; comments in blue

e Exoplanet Data Set Rqts
— Monitor >2 square degrees in the Galactic Bulge for at least 250 total days

[Required # of stars, improved resolution will reduce required area]
— S/N =100 per exposure for a J=20.5 star
— Photometric sampling cadence of <15 minutes
— <0.4" angular resolution to resolve the brightest main sequence stars

— Monitor microlensing events continuously with a duty cycle of 280% for at
least 60 days

— Sample light curves with W filter

— Monitor fields with Y filter, 1 exposure every 12 hours

— Separation of =2 years between first and last observing seasons
e Near Infrared Data Set Rqgts

— Image 2500 deg2 of high latitude sky in three near-infrared filters to
minimum depths of mag AB = 25 at S/N=5. Fields must also have deep
(ground-based) optical imaging

— Image 1500 deg2 of the Galactic plane in three near-infrared filters
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Note: extracted from SDT final report p. 63; changes in red; comments in blue

Key WFIRST DRM1 Observatory Design Parameters

e Off-axis focal telescope; 1.3m diameter telescope aperture

- <205 K telescope optical surfaces [250-293K] {Instrument was 150K, focal plane was 100K}

e Bandpass 0.6 — 2.4 um  {depends on achievable telescope temperature}

o Pointing jitter <40 mas rms/axis {-0.22 pixels, would scale to 24 masec rms/axis, include jitter & in-band slower drift}
e Coarse Pointing Accuracy <—3 arcsec rms/axis

- Fine (Relative/Revisit) Pointing Accuracy <—25 mas rms/axis {~0.14 pixels, would scale to 15 masec rms/axis}
e ACS telemetry downlinked for pointing history reconstruction

Imaging Mode:

- Pupil Mask temperature: —150 K

Effective Area (avg over bandpass): 0.778 m? {increases by roughly 2.8x}

6 band parfocal filter set on filter wheel, driven by microlensing, SNe, WL, plus open and
blank positions

hd FPA: 4x9 HngTe 2k x 2k SCAs, 2.5um, < 100K, 180 mas/pix {at least 6x3 H4RG 4k x 4k 10um pixel pitch,

110mas/pix SCAs}
- FOV (active area) = —0.375 deg?; Bandpass 0.6 — 2.4 um {at least 0.28 deg?}

e 4 Outrigger FGS SCAs mounted to Focal Plane Assy (FPA), control Pitch/Yaw during imaging
mode {guiding on science SCAs}

e WEFE is diffraction limited at 1um may relax to allow larger field of view

- 1 nm rms wavefront stability during the HLS imaging mode (requires 0.3 K thermal
stability)
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Note: extracted from SDT final report p. 63; changes in red; comments in blue

Spectroscopy Mode:

. SN Prism: R=75 (2-pix) parfocal, zero deviation prism {grism assembly possible at reduced bandpass}
- SN Prism Effective Area (avg over bandpass): 0.750 m?2 (0.6 to 2.0 um)

- 2 oppositely dispersed GRS prisms: D6 = 160 - 240 arcsec, parfocal, zero deviation prism

- GRS Prism Effective Area (avg over bandpass: 0.953 m? (1.5-2.4um) [1.3 — 2.4 um potential range]

- 6 position prism wheel provides a fail-safe open position between each of the above 3 prisms {failsafe to
be reexamined}

- 2 SCAs in an independent auxiliary FGS control Pitch/Yaw during spectroscopy mode {still have this; not
part of WFI}

Grism/prism trade — 4 prism assembly v. 2-3 thinner parts w/ grisms at lower
bandpass and sensitivity — trade engineering complexity vs. mapping speed

10
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Note: extracted from SDT final report p. 63; changes in red; comments in blue

Key WFIRST DRM1 Operations Concept Parameters and Constraints
e 5-year mission life, but consumables required for 10 yrs
e Science Field of Regard (FOR): 54° to 126° pitch off the Sun, 360° yaw

e Roll about line of sight £10°, except during SNe observations where allowable roll is £22.5°to provide
inertially fixed viewing for —45 days near the ecliptic pole(s)

e Gimbaled antenna allows observing during downlinks
o Slew/settle times: —16 s for dithers, —38 s for —0.7° slews

SNe-la Survey (6.48 deg2 monitored to z = 0.8, 1.8 deg2 monitored to z = 1.7, —6 months total) to
be redone by SDT

e A sample 2-tiered survey capability (given ~6 months dedicated time) is shown, each tier optimized for a
different z range

- Tier 1 (to z=0.8):18 “shallow fields” total 6.48 deg2; J134, H168, K211 (300 s @), P130 (1800 s)
- Tier 2 (to z=1.7): 5 “deep” fields total 1.80 deg2, J134, H168, K211 (1500 s @), P130 (9500 s)

e SNe dedicated time is distributed in a 5-day cadence over —1.8 years to provide suitable light curve
tracking and accurate host galaxy references (33 hrs of SNe field

e monitoring would be done every 5 days for ~1.8 years)

e SNe fields are monitored from end of one exoplanet microlensing Galactic Bulge season until the start of
the 4th following exoplanet microlensing season (—1.8 yrs)

e Fields located in low dust regions <20° off an ecliptic pole (N and S fields not required)
e Sub-pixel dithers, accurate to ~25 mas, performed at each pointing [scales to 15 masec]

11
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Note: extracted from SDT final report p. 63; changes in red; comments in blue

Galaxy Shape + Galaxy Redshift Survey (—1,400 deg2/yr, 3,400 deg2 total)
e 2 imaging passes in each of JHK (shape) and Y (photo-z) filters

e Each imaging pass with the same filter is rotated from the other by —5°, and includes 4
exposures (150 sec each), with 5 exposures for each J band pass

e 90% of imaging field see =5 randomly dithered exposures (=750 sec total) in YHK bands,
>6 exposures (=900 sec total) in J band

e 2 spectrometry passes in each of 2 oppositely dispersed GRS prisms

e Each spectrometry pass with the same prism is rotated from the other by —5°, and includes
2 exposures (530 sec each)

e 90% of spectroscopy field sees =6 randomly dithered exposures (23180 sec total)

e Zero order galaxy detection to GRS data set requirements provided in JH or JK bands by WL
iImaging passes

12
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Note: extracted from SDT final report p. 63; changes in red; comments in blue

Exoplanet Microlensing Survey (3.38 deg2 monitored every 15 min, 144 days/yr, 1.2
yrs total)

e The Galactic Bulge is observable for two 72-day seasons each year

e The short revisit cadence impacts other observing modes while exoplanet data sets are
being acquired. This, in combination with the field monitoring time span required

e for SN and the =60 days required for microlensing, limits the max number of Galactic Bulge
seasons useable for exoplanet observations to six (over 5 yrs)

e In each season 9 fields are revisited on a 15 min cadence, viewing in filter W166, for light
curve tracking except for one exposure every 12 hours that uses the Y107

e filter for color
e Fields are revisited to an accuracy of 1 pixel rms; no precise dithers

Galactic Plane Survey (—6 months total)

e Uses the same survey strategy (both exposure times and tiling) as the imaging portion of
the HLS

e Survey area (TBD),assumed to be the 1240 deg?2 region with |b|<1.72°for scheduling
purposes

13
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Stray light requirement & approach

e Requirement has been to keep stray light contribution to 10%6
minimum zodi (for fields to be observed)

— Note — distinguish stray (out of field light that gets into FOV) from
scattered (in FOV light going other than core of image) light

e Approach has been to design standard set of Cassegrain-like
baffles to prevent out of field contributions
— Lesson learned from JWST — contributor to instrument delays
— Good engineering practice
— May be revisited in phase A; stray light analysis is more time
consuming than design and may be out of scope for current study
e This approach leads to 40% linear obscuration and is sure to
meet requirement

e Early look (R. Goullioud) at 30% obscuration may work for
WFI; will consider this as an option: further work planned to
confirm viability of 30% obscuration

14
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3. Wide flelgles%gtlcal form gnd oQtlcaI layout

General rules for wide field optical toncepts
Keep front end axi symmetric and unchanged (PM & SM) [“as is”]

Pupil must be accessible and reasonable pupil imaging is required
— Pupil mask required to limit IR input from telescope to colder instrument

— Accommodation for filter plus disperser wheel requires even more room after pupil
e Preference for designs with pupil diameter <15cm

Galaxy redshift (GRS) and SuperNova (SN) dispersers required
Focal plane curvature limited to maintain entire focal plane within depth of focus
Layout must be consistent with temperature zones

— Telescope (past range 205-250K, nominal 250-293K now)

— Instrument (has been 150K)

— FPA (100K)

— Radiator (consistent with orbit & FPA)
Have worked to 1um diffraction limit (71nm rms) w/ residual being <50% max over FFOV
Telescope/instrument interface should be testable in both directions

— Tbd how this works for instrument stimulus in ‘as is’ case

— Telescope is testable on axis in field, tbd how would be tested in wide field FOV as it is only the first two
mirrors in a three mirror design and is not well corrected at the intermediate focus

Stray light is well controlled

— No ‘rogue paths’ allowed

— Implies large secondary mirror linear obscuration (JDEM-Q 50%, 40% now)
Preference for FPA placement at radial edge of payload, on cold side of
observatory [thermal design]

Packaging should be consistent with existing telescope hardware 15
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e Grisms have been used on HST to good effect
e Reflection Gratings used for NIRSPEC
e Why have we preferred prisms for WFIRST?
— Dispersion — higher than e.g. WF3 grism (R, —1000)
— Bandpass — wider than any HST grism
— Survey speed; blaze efficiency costs 40% in observing time (depending on bandpass)

— Confusion; 1 spectrum vs. —5 bright orders
— Prism stack must be zero deviation and parfocal with the filter imaging modes

e However, we have designed a 2-grism solution

— 1.3-1.86, 1.85-2.4um
— J. Kruk is assessing science impact

Why prisms

Analytic predictions for grism
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Layout & more FOV

- : : : : 20% paps Im_/SpC |aFGSs
Rev_lsec_l FOV vs pixelsize & layout chart based on maximum % [T side of 5CAY 2055 05
radial field allowable pixel size mm/p 0.071 0.01

— Rectangular field assumed for ease of prism design X gap size mrm 8.18 8.18
. Y gap size M 518 g2.18

e SDT telecon Th 11/1 resulted in 4 cases : -

) ) pixel scale p 0110 0.075

v' DRM-A: (baseline) 6x3 @0.11"/p, 0.281 sq. deg, yellow in nx B 2

ny 3 1

fever chart ) total x deq 0874 0187

e DRM-B: (larger field) 6x3 @0.12"/p, 0.334 sq. deg, yellow total deg U425]  0.089

- (i ixcel 0y 5 d active area deg’ 0.281 0.015

e DRM-C: (finer pixels) 8x3 @0.09”/p, 0.251 sq. deg, green total arearchannel |deg? 0371l 0018

v" DRM-D (cost savings?) 6x3 @0.11"/p, no prism (grism in total active area  |deg® 0281]  0.015

; H HIS ; fov diam. 0972 0.208

wheel), 3 years, diffraction limited at 2 micron ioie ool — Staoel o rans

focal length m 18751 27502

. N h . | . f | aperture m 2.36 2.36

ote that previous color versions were for r_ec_tangu ar, not_ system 7 ~odsl 17653

arced layouts; discussion 11/1 w/ SDT on difficulty with prism in. obscur. 0.400]  0.400

design on arced layouts, we would keep to rectaqgular format A mj . 3674 2674

A - omega est. m-deq 1.032 0.053

for the moment. Mo s s

Increasing difficu

4 field size x mm 286.16 89.936

total x — UE:SB — 01[:3';133 . field size y i 138002] 4088

Layout table: 0.1 KJ 0.232 : 0.387 X gap angle deg 0.0250]  0.0170

o1z Bzl ous [om T T T Y
Data: FOV area, sq. deg. 014 0455 | 0607 | 0758 17

Baseline is 0.11 6x3
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Baseline Layout for wide field channel

e Angle of FOV to — not finalized
sun line & rotatior Channel fleld Iayout for WFIRST "“DRMO” rerrariost

of aFGS are e e
preliminary // 6x3 H4RG @ 0.11"/p, 0.28 sq.deg )
e Each square is

H4RG 10um 0.425 wide*

sensor chip

assembly (SCA)

8x3 HARG @ 0.11"/p, 0.374 sq.deg H/\(*’\\ff_ 0.874°
DDDDDD [/ = Coronagrapty ek 20.002x
%%%%E%%% |'. \ ) Moon (average size
= \\ JWST [all instruments] seen from Earth)
N Lo N . 0.094° /\ “}7
. HST [all instruments] @\“ e v i e

HST [all instruments]

00!
seen from Earth

Example of potential expanded field

18



WIFIIR® wide-Field Infrared Survey Telescope Nass

« Single wide field, Resulting layout and form
imaging mode ray | | |
trace shown

e Inset shows
example prism
assembly (Galaxy

redshift Y | B
spectroscopy prism
assembly, highest / o
dispersion) i §) 'z 1
— Prisms after filter, flltel\' : v

before M5 ‘ ‘

e Alternate GRS _
grism (blue) shown Grism ;G /
|
m

GRS pris
SN prism LB

—JEE

Pupll
corrector

Chromatic
“corrector”
lens 19



TWFHE{ [ wide-Field Infrared Survey Telescope v
4 Payloadpackaging
Notional payload accommodation concept

e Aft metering structure is 3-
fold symmetric

e Arrange OTA struts, sunshield,
etc so that two bays are
accessible on cold side and 39 /
IS on sun side

e \Wide field access on one side

e Opposite bay provides access
to coronagraph and auxiliary
guider (aFGS)

— Auxiliary guider (as in prev.
studies) is needed when

disperser is inserted in wide
field beam

e Intent is to be able to insert
channels in any order

= Working on mechanical layout DRAFT payload volumes, not final!
of carrier now

20



WFIR

Comparlson to DRIVI2 & HST/WFC3

WFI: 1.67 x 2.12x 1.4m
Volume: 4.1m3

50 inches

. WEC3: ~1.6m3
- 1rqeter :

DRM2: 0.89 x 0.52 x 0.40
Volume: 0.2m3

AFTA WFI has 3 cold aspheric
mirrors, 2 folds, plus prism
wheel, filter wheel, FPA

®' wide-Field Infrared Survey Telescope “

A||JpI‘OX. to scale

féhMZHhaSOm

cold
aspheric
mirrors, 1
fold, plus
prism
wheel, filter
wheel, FPA ,;
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Thermal overview

J. Dooley will present details of this work being done at JPL &
ITT

Working to get thermal models of telescope up & running

Initial cases: L2, no sunshield;

— Heaters all off — cold limit

— Heaters all on full — warm limit

Trying to get a rough idea — what is achievable temperature
range for ‘as is’ ?

Adding sunshield (notionally only shadowing to SM, not to front
of unheated OBA) will reduce equilibrium temperature

Working to define instrument volume temperatures

— Instrument carrier

— Coronagraph pickoff mirror is very close to wide field optical beam; can we
keep it room temperature as desired?

22
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5. Payload performance

Draft/ notional wavefront error budget
Imaging residual overlay & FOV layout
Spot diagram

Distortion plot

Filter list

GRS residual plot & spot diagram

SN residual plot & spot diagram
Throughput description

Throughput plot (all modes)

aFGS description & ray trace

23
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Wavefront error buget, 15 cut
—imaging mode, wide field instrument

e Based on same

I’eC]UII’ementS as wavefront w/out pointing error Observatory
- 74.9 75.2 88.99
IDRM/DRMl&Z' 1um 11 masec 5 masec
dlffl’aCtlon Ilmlt p|US design residual Payload LOS error, jitter LOS error, controllable note jitter scale factor is
pp|nt|ng errors a_t ~1/7th 37.6 64.78 411 25 nm rms/ 10 marcsec 43.7
pixel rms per axis
L] Tl/TZ room temp (RT) Telescope Instrument T/l interface pointing, arcsec 0.011
errors from ITT data 3558 320 = e
b Tl COOIdOWh |S baSEd On Static [Stability |Margin Static Stability |Margin
the one analysis done so %2 10] 50 7] 10 183
far [may be overly tight - —
] olds & filter (3, ea.)
or not, tbd] 29.0 12.0
— T2 cooldown set equal to T1
. . . RT cooldown|margin RT cooldown|margin
e This is VERY tlght: 24.0 14.0 8.3 10.0 5.0 5.6
— Near state of art polishing
.. . T2 powered optics (3, ea.)
— Minimal allocation for 0.0 247
thermal cooldown distortion
— Small margins RT cooldown|margin RT cooldown|margin
® Tightened pOIﬂting 12.0 14.0 7.7 16.0 16.0 10.0
allocations FPA
— jitter from 15 to 11 masec 10.0
— ACS from to 5.7 masec DRAFT/notional

24
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Imaging residual error, 1 um — goal 35nm

at worst field
6x3 HARG @ 0.11"/p, 0.28 sq.deg

e Meets goal except in corners

e Varies smoothly over the
field

e Spot diagram & ensquared

0.425 wide®

Half Width From Centroid in pm

ZFLIZLI/14/2012 Un]its are jm. %%iry R&Fldius: 10.05 mm
eld ! 1

s

s

i

BJ: -0.4370, -0.2120 (deq)

2
A
b
¥

IMA: 143.019, 1.232 mm
0BJ: -0.4370, 0.2120 (deg)

+i
3
+
ERAN
.
g

CBJ: 0.0000, -0.2120 (deq)

IMA: 0.000, -0.003 mm
0BJ: 0.0000, 0.2120 (deqg)

0.874°

0BJ: 0.4370, -0.2120 (deg)

IMA: -143.018, 1.232 mm
OBJ: 0.4370, 0.2120 (deq)

-
s

.
5
ki

] |
TS radins 1. L 1 1 1.0 (o 3.1% LI
CED radins 1.5 51 L 0w TR LM 1 L1,
Scale bar : 40 Reference : Centroid A 142.669, -76.429 m TMA: 0.000, -77.467 m TMA: -144.669, -76.429 m

s

-

+E8E-002

;
‘+* $#+‘
L 1 g @ % 3.98E-002
B T IMA: 141.693, 77.%64 m IME: 0.000, 76.560 mm IME: -141.693, 77.964 mm
OBJ: -0.4370, 0.0000 (deg) 0BJ: 0.0000, 0.0000 (deg) CBJ: 0.4370, 0.0000 (deg) 3 FAF_002
I~ T o ek UVL

e T .
sd FE—UUL

25



Imaging distortion [magnified 3x for visibility]

=, .
% %

e .

ya F—F T
x

oy

| £ A G
x £ ™
A B !

:\;{ B

]

st

GFrid Distortion

11714720132

Field: 0.8740 w 0.4238 h Degrees

Image: 285.34 w 152.70 h Millimeters
Maximum distortion: 2.6026%

Scale: 3.000X, Wavelength: 1.0000 um
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Spectral selection element list

Band FilterName Min Max Center Width Dispersion

Z Z085 0.732 0.962 0.847 0230 368 Bandpasses may be
Y Y107 0.920 1.209 1.065 0289 3.68 : _ :
J J134 1156 1.520 1.338 0.364 3.68 adjusted; takeaway is that
H H168 1453 1910 1682 0.457 3.68 6 filters, all wide, can be
K K211 1826 2400 2113 0574 3.68 dated
Wide W168 0.920 2400 1660 1480 1.12 accommoaate

SN 060 240 150 190 R(2pix)~T75

GRS 130 240 135 1.10 Ds=~200

Table: Filter and prism descriptions; Wavelengths are in pm. GRS prism dispersion is in units of
arcsec with D==A/(5 A /6 8) where 8 is sky angle.

Notes:

1. SN bandpass extended to 2.4um [can be reduced, this is maximum case]

2. Single GRS (not 2 oppositely dispersed) seems simpler and consistent with
adjustment to deeper narrower survey strategy

27
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GRS imaging and dispersion performance
- 300 /
250
: —_ _—
s w
9150
8
E =) 100
50 Min line
fevelength nwm 1.301.40 1.50 1,60 1.70 1.80.1.90 2,00 2.10 2.20 2.30 2.40
BMS Wavefront Error vs Wavelength ave ength (mlcrons)
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SN prism imaging and dispersion performance

- - Target Min Line

os Surface | Type Glass BEL et camn
|| past Zernike (15) | N-LAF3 W0l et
o | . P1S2 Sphere i?; |

T 11 p2s1 Sphere N-SF19

R (2-pixel)
=1

=1
|
|
|
|
|
|

AM2 WsvaTiyon¥ Ivvov in Wevaez

0.08 P2S2 Sphere
0.03
P3s1 Sphere N-SK15
0.00
oo L . P3S2 Sphere 25
I I I I I I I I I 0 T 1 ! !
Dn,a 0.8 0.3 r.n I.88 re 1.88 1.83 s.0n 8.8 S P4Sl Sphere Ca FZ 060 0.80 100 1.20 140 1.60 1.80 200 220 240
Wevalanp¥d in ym
. Wavelength (microns
AM2 WsveTyond Fi1vo1 ve Wsvelonpdd P4S2 Zernike (15) gth (mic )
II\8\S0IS
Jiolb2: 1 ¢ ¢ b & § Y g ¢ 0 I &
fAsTewenos: Jsnitoib 9029 geiz_[8100k9 En-8xE40. 11 OIF 2l ve 9. SHX
Jontipuiys¥ion I of

Notes: I

1. Incomplete search of potential material
combinations (may flatten dispersion

more) Y.Yh3I-00<8
2. Smaller bandpass will improve -
performance; this is worst-case —

»_pe3I-008

AMe WsvaTitony Jislb Msq

IIL\8\SOIS

Jislb 2iss X = 0.MEY0, Y = 0.SISO bspisse
Min AM2 = 0.0MMe, Msx AMZ = 0.IS9L wsvez
Wsvalsnpir: 0. 3000 ym

2u1tso9: Imspo ):lqAJé

190e9_ei2_1S100hs En-axEx0.LL 0L ZMa ve_svsl.. XMX 29
JdontTipuiys¥ion ot



WIFIIR®T wide-Field Infrared Survey Telescope

Throughput calculation

e Protected silver mirror coatings 3.0

e AR coating model on prisms —--

e Bandpass filter model 25 7

e Strut shadowing - /
\ / f\"\‘

e SM baffle losses 2.0 \

e Pupil mask losses

e 2% (total) end of life
contamination assumed

Effective Area (m2)
|_\
ol

/

1.0
ImC *++ GRS
Mode units [ ImC GRS SnSpec. | aFGS
bandpass blue edge | um 0.9 1.3 0.6 0.6
bandpass red edge | um 2.4 2.4 2.4 2.4 05 e —=Sn Spec = = auxFGS
Awverage Aeff m’ 2.170 2.178 1.833 2.432 '
min Aeff m’> | 1.620 1.639 1.237 1.963
max Aeff m> | 2418 2.346 2.197 2.759
0.0 . . .
0 1 2 3

Wavelength (um)

30



WIF 'T Wide-Field Infrared Survey Telescope sy

Auxiliary fine guidance sensor

e Used when wide field is in dispersive mode
e H4RG, 0.075”/pixel

e Redundant (2 H4RGs, 1 used at a time)

= Off axis field, 0.085° square FOV each f
e AQ matched to prior aFGS —— "

e ~2x worse than diffraction limited for good centroiding

e All Aluminum diamond turned mirrors (simple,
broadband, athermal)

e Packaging flexible; will work around wide field grid"~
coronagraph ? o

083: 05430, 0.0000 {deq)

202
oy D. Content/NASA GSFC

TEld e

S radiis :

] raics ¢ reuse asis aFGS 120910g.zmx 31
Scale bar Configufation 1 of 1
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