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WIFIR@HT WFIRST Summary

“* WFIRST is the highest ranked large space mission in
NWNH, and plans to:

- complete the statistical census of Galactic planetary
systems using microlensing

- determine the nature of the dark energy that is driving
the current accelerating expansion of the universe

- survey the NIR sky for the community

ssEarth-Sun L2 orbit, 5 year lifetime, 10 year goal

* The current Interim Design Reference Mission has
- 1.3 m unobstructed telescope

- NIR instrument with ~36 HgCdTe detectors

- >10,000 deg? 5-sigma NIR survey at mag AB=25

% Space-qualified large format HgCdTe detectors
are US developed technology and flight ready




@™  WFIRST Project @

 WEFIRST Project resides in Exoplanet Exploration
Program (ExXEP) at JPL

« WFIRST Project is joint effort between GSFC and JPL
 GSFC responsibilities

- Project management
- System engineering
- Instrument & spacecraft management

« JPL responsibilities
- Telescope design & implementation
- Participate in system engineering
— Data center (IPAC)

« HQ program oversight
- Program Executive: Lia LaPiana
- Program Scientist: Rita Sambruna



WEFIREHT

WFIRST SDT

« The WFIRST project is working closely with the Science
Definition Team (SDT) on refining the WFIRST
requirements and developing a reference mission design
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Activity Summary e

Interim Design Reference Mission defined & studied
Independent cost estimate performed

Requirement flowdown defined

Near IR detector array EDU under development

Studies in progress of HgCdTe detector validation for
weak lensing measurement

Simulations underway, with more planned
Science outreach events planned
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Channel field layout for WFIRST IDRM-1

The Fields of view of the imaging channel
(ImC), spectroscopy channels (SpCs), and
guiding modes (FGS) are shown to scale with
the Moon, HST, and JWST. Each square is a
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GTD Independent Cost Estimate @

« Performed by Aerospace Corp
 CATE = Cost And Technical Evaluation
* |Input was Interim Design Reference Mission

« Aerospace cost estimate is within 7% of $1.6B
cost estimate from the Decadal Survey

* "Project has presented a feasible technical
design consistent with stated science goals”



 Early substantiation that IDRM can
achieve the science objectives
mandated by NWNH

* Block diagram of the requirements
as been developed with SDT

 Traces science requirements from
top level objectives

WFIRST Science Objective:

1) Complete the statistical census of planetary systems in the Galaxy, from habitable Earth-mass planets to free floating planets, including analogs
to all of the planets in our Solar System except Mercury.

2) Determine the expansion history of the Universe and its growth of structure so as to test explanations of its apparent accelerating expansion in-
cluding Dark Energy and modifications to Einstein's gravity

r—13) Produce a deep map of the sky at NIR

probing the reionization epoch by identifying quasars at z>10.

, enabling new and

discoveries ranging from mapping the Galactic plane to

WFIRST Survey Capability Rqts

WFIRST Data Set Rqts.

WFIRST IDRM Design/Operations Concept Overview

Exoplanet (ExP) Survey

Exoplanet Data Set Rgts

+ Planet detection capabiltyto ~0.1
Earth mass (M)

« Detects > 125 planets of Moy in 2
year orbits in a 500 day survey, with
the masses of = 90 ofthese planets
being determined to better than 20%

= Deects > 25 habitablo zonet plancts
(0.5t 10 Mee) in a 500 day survey *

« Detects > 30 free foating planets of 1
M, in a 500 day survey *

* Assuming one such planet per star

10.72:2.0 AU, scaling with the square
oot of host star luminosity

Observe > 2 square degrees in the Galactc Buige
at = 15 minute sampling cadence

SIN =100 for hand magnitude <205 sources
<0.3" imaging angular resolution

Sample light curves ith fiter W149

« Wonitor color with fiter FOB7, 1 exposure every 12

hours.

« Winimum continuous moritoring fime span: ~60
4

ays
Separation of >4 years between frst and last ob-
serving seasans

Dark Energy Surveys

Redshift Surves

Dark Energy Data Sets
BAO/RSD Data Set Rats

« 211,000 deg? sky coverage per dodi-
cated year (n a “WIDE" Survey mode)

* Souro donsly (0 oo
shiftrange 0.7 = 25 2 for k=0.2h/M

« Redshit errors ,<0.001(++)

« Fraction of misidentifcd lines <TBD%
per saurce type, 10% overall

Supernova SNe-a Survey

* >100 SNe-la per Az=0.1 bin for most
bins for 0.4 <z <1.2, per dedicaled 6
months

* R e SO0 b

+ Relalive nstumenta bias <0.00 on
photomelric calibrafion across the wa-
velength range

o Distance modulus error (from
lighteurve) o, <0.02 por Az=0.1 bin

WL Galaxy Shape Survey ™

« 22,700 deg? sky coverage per dedi-
cated year (in a "DEEP" Suvey mode)

o Eflecive galaxy density >30/amir,
shapes resolved plus photo-s

« Addiive shear emor <3x10+

o Hulplcative shear error <110

« Photo-Zermor distribuion <0.04{1+2),
ertor rate <2%

* Goal

Near Infrared Survey
o Identify =100 quasars atredshif 22
7

o Extend studies of galaxy formation
and volufion to 2> 1 by making ser-
silve, wide-field images of the extra-
galactic sky at near-nfrared wave-
lengihs, thereby obtaining broad-band
spectral energy distibutions of > 17
[TBC] galaxics at z>1

o hiap the structure ofthe Miky Way
Galavy using red giant clump stars as
tracers

« Enablo a obust Guest Investigator
(@) program

Spectrometer
Silkss o

. 00 (5, +40) arcses

. sm >7 for 21 6x10 orglomf-s
Ho: emission fines at 2.0 um

- Bandpass 1.1(TBR) €< 2.0 um

- Pivel scalo < 450 mas

- System PSF EE50% radius < 400 mas at 2 ym

- 3dispersion directions required, bwo nearly op-

poset
Imager (for redshift zero reference

+ SIN210for H:<235

- Equaltime in fiters F141 and F178

Supemova Data Set Rats

hinimum manitoring time-span for an indvidual
field: ~2 years with a sampling cadence <5 days
Cross fier color calibration <0.005

Four fiers: FO87, FA11, F141, F178

Sitless prism spec (P130) 0.6-2 m /A% ~75
£10% (S/N > 2 per pixel bi) for redshifiyping
Pezk ightcurve S/N =15 at each redshift

9 point dither with 0.015 arssec accuracy

Low Galactc dust, E(BV) <0.02

WL Data Set Rqts

From Space: 2 shapefcalor fiters, F141 and FA78,

and one color fier, F111

SN prdhaplolr o ooy o=

250 mas and mag A

PSF sccond momemm .\\ ) known o a relative

ertor of €9.3x10+ s (shapelcolor fiters oniy)

PSF clipticy (ko-by, 2's) (1n +1s) knownto <
7x10-4 ms (shapefcolor fiters only)

Systom PSF EES0 radius £170 mas for fiter F141

and <193 mas for fiter F178

5 dithers rog'd for shape/color bands

From Ground: 4 color fiter bands ~0.4 5.5

~097um

Provide an unbiased spectroscopic training data
set contiring > 100,000 galaxies < mag AB 23.7

for F141 and F178 and covering at least 4 uncorre-

lated fields; redshit accuracy required is
G<001(1+7)

Key WFIRST IDRM Observatory Desiqn Parameters
Oftaxis foceltelescope; 1.3m diameter telescape aperture
<240 K telescope oplical surfaces
Bandpass 0.6~ 2.0 pm
Pointing jiter <40 mas ms/axis
Coarse Poirting Accuracy <~3 arcsec rms/axis
Fine (Relative/Revisit) Pointing Accuracy <25 mas rms/axis
ACS telemery downlinked for painfing history reconstruction
Imager Channel (mC): No re-imager; ~180K Pupil Mask
o ImC Pupil Mask stop diameter: 1.275m
« 5band parfocal fiter set on wheol,driven by ML, SNe, WL
o ImC Efective Area: 0811 m (aug for al fikers including QE and rall off
« R=75 (2-px) parfocal, zero deviation prism +dark’ (TBD) position in
same wheel
« ImC R75 Sitless Prism Effective Area: 0.782
« ImC FPA: 47 HgCdTo 2k x % SCAS, 2.1um, 120K, 180 masipix
« FOV (active area) =~0.201 deg?; Bandpass 0.6 -
+ 4 Ouligger KOS SCA mountato nG FosalPlane Ay (FPA)
« WFEis difacion fmitcd at 1m
Slitless Spec Channels (SpCs): 180K Pupi Mask
2 oppositely dispersed SpCs provided, othenvise ~idenical
Optical Path: pupil mask stop, focal prism, refractive focal lengthreducer
Bandpass 1.1-2.0um; R = 160-210 arcsce
SpC Pupil Mesk stop diameter: 1.27 m
SpC Effestive Area: 0.731 m? (average including QF)
SpC FPA (10f2): 2x2 HgCTe 2ox2k SCAs, 2.1um, <120K, 450 masipix
FOV sl rea) = -0.200de? e S5C)
X FGS: 2 SCAS: controls Pich/Yaw when ImC prism s in use

Ereveee

2

ImC Filters = Bandpasses (um)
0.76-0.97
097-1.24
1.24-1.57
1.57-2.00
0.97-2.00

060-2.00

Near Infrared Survey Data Set Rqts

Image > 2500 deg? of high latitude sky in three
neariare ors to minmum dopihgof 23 mag
(AB). Fields must also have deep (ground-based)
apﬂcal imaging

500 deg? of the Galactic plane in three
ncaniared oty

Have at least 10% ofthe mission lfeine available
tothe community though peer-reviewed, open
compefiion

N

Figure 1: WFIRST Requirements Flowdown Overview

Key WFIRST IDRM Operations Concept Parameters

o Seyearmission e, butconsumables required for 10yrs

+ Science Field of Regard (FOR): 54"to 126" pitch offthe Sun, 360" yaw

« ol +10; SNe observafions inerialy e for ~90 days for viewing near
the eclptic pole(s)

« Gimbaled antenna allows observing during downlinks

o Slewsete times: ~16 s for dithers, ~38 s or~0.7" slews

SNe-la Survey (-11.5 degl-yrs to =038, -2.9 deglyrsto z=12)

o A sample 2-fired survey capabilty (given 6 months dedicated time) is
shown, each tier optimized for a dfferent /range

Alliors moniored on a 5-day cadence in sclocted fitrs + prism

~Square SN felds are inertially fxed for ~00 days

Tier 1 to /=0.8):5.76 deg; FA11, F141, F178 (300 s @), P130 (1300 5)

Tier 2(to 21.2):1.44 deg?, F111, F141,F178 (1100 s @), P130 (5300 )

SNe dedicated time s distibuted in a 5-day cadence over ~2 years to

provide sutable light curve tracking and accurate host galawy references

(e.0.if 6 months arc dedicated Sc, 30 hrs of SNe fiold monioring

would be done every 5 days for ~2 years)

SNe ficlds are monitored from end of one ExP Galactic Bulge soason

unti the start of the 4" fllowing EXP season (~1.8yrs

Fields located i low dust regions =20 offan oclptc pole (N and S

fields not required)

« 9 sub-pivel dithers, accurate to ~15 mas, are required at each pointing

ExP Survey (-2.04 deg? monitored every 15 min, 144 daysiyr)

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

= The short revisit cadence impacts other observing modes while exopla-
et data sets are being acquired. This, in combination wiih the field
monitoring ime span required for SN and the 60 days required for
ExP,limits the max number of Galactc Bulge scasans useable for oxop-
lanot abscrvations to seven (over 5 yrs)

= In cach season 7 fields are rovisited on a 15 min cadence, acquiring 88
exposures (fter V/149) for light curve tracking except for one visit every
12 hours that uses fiter FOB7 for color

= Fields are revisted to an accuracy of 1 pixel ims; no precise dithers

"DEEP" Galaxy Shape + Galaxy Redshift Survey (-2,700 deg?/yr)

« 3 smooth-filed ImC maps are acquired, each ralled (Gaal) by ~5" efa-
tive to each other to meet BAGRSD survey rol requirements

+ 51mC randam dithers are acquired over the fllfild for the shape/color
bands, and 4 random dithers for the color-only band

« 800's (160 s per dither) inegration ime in each of 2 shape/color bands

« 640's (160 s per dither) integration ime in one color-only band

= SpC infogrations are acquired simultancously during ImC exposures,
and more than mect BAORSD roquircments

o ~7 deg” are completed each day (ground observations also required)

o ~5mC or SpC dispersed felds, observed at mulfple roll angles aver 1-
2 weeks meet the photo-z training data set requirements. Ground ob-
servations of these fieds are required, and locations accessible to both
N and S hemisphere telescopes will be chosen

"WIDE” Galaxy Redshift Survey (11,000 degely, -30 deg?/day)

+ 85pC meps are acquired during 4 separate passes (2 oppositly-
dispersed maps are acauired each pass, one from cach of two SpCs)

o The first two passes are offset from each other to rough fl both SpG
and ImC SCA gaps, and the same is done for the noxt twe passos at an
~*difforont rol angle and vith a difforent mC fiter

o Each pass consists of a series of ight 150s exposures, yiekding a total
SpC exposure fime of 1200s. But the rough-filed nature of the expo-
sures results in only 6 expastres being accumulated over ~96% of the
observod sky, so only 6150 = 900s of SpC time is croditable

+ ~30 deg’ are completed each day, with goad NS hemisphere flexibilty

« <integration imes are not consistent with nP=1 over fulredshif range>




* Development of 3x6 HgCdTe Engineering Development
Unit detector array at GSFC

- = ‘j

Zd

EDU Focal Plane Array

EDU FPA with structural assembly

* Silicon carbide mounting of HgCdTe detectors is under
development and will be space qualified with EDU

10



WIFIRT HgCdTe Detector Studies &'

* Potential issues with HgCdTe capabilities for weak
lensing galaxy shape measurement include:

— Interpixel capacitance
— Persistance
— Linearity & reciprocity
* Laboratory test program in place to assess issues and

find workarounds (GSFC, JPL, Caltech, Teledyne,
STScl, U Hawaii)

* |Initial results are encouraging that HgCdTe detectors can
be used for galaxy shape measurements and photo-z's
with needed precision

1



WIFIR €T Simulations &

* Pixel scale study for WL at JPL / Caltech (Rhodes,
Hirata, Rowe)

— Shapelet simulations, image combination software, dithering
study

— Results show that 0.18 "/pixel of WFIRST Imager is adequate
for weak lensing shape measurement

— Working on making widely used WL image simulation software
"simage" available to community via IPAC

* Sky tiling sims for BAO & SNe at GSFC (Weiland, Kruk,
Hinshaw)

* Exoplanet microlensing sims at Notre Dame (Bennett,
Rhie, Gaudi)

12



WIFIREST Science Outreach @

* Science calculators and estimators being deployed to
the community through IPAC

* WFIRST booth developed and displayed at key
conferences

* Science workshop planned for Feb 13-15, 2012 at IPAC

* WFIRST "Meeting-In-A-Meeting" proposed for June AAS
In Anchorage

13



WIFIR €T Conclusions

* Strong team using unique expertise of GSFC & JPL
* Project Office is working closely with SDT

* Independent costs estimates are consistent with
WEFIRST cost assumed by NWNH.

* Project Office and SDT have produced capable Interim
Design.

* Simulations and laboratory studies are underway.
* Qutreach to science community is proceeding.

* Project is well prepared to continue development of the
Design Reference Mission and consideration of
partnership opportunities.

14
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WFIRST - Euclid Comparison &

s I

Aperture 1.3m unobstructed (equivalentto 1.2 m obstructed
1.5m obstructed)
Wavelength 760nm - 2um 500nm - 2um
Pixel size 018" NIR imaging 0.1” optical imaging
0.45” NIR spectro 0.3” NIR imaging and spectro
Lifetime 5 years primary, 10 years goal 5.5-6 years primary
Instruments 1. NIR imaging instrument with filter wheel 1. Optical imager with fixed filter(s)
2. 2 NIR spectrographs 2. NIR instrument with filter wheel

WFIRST uniquely has
- exoplanet microlensing
- SNe
- WL shape measurements in NIR, complementary to LSST
- BAO survey with dedicated spectrometer (prism instead of grism on wheel)
- 5 times as many BAO galaxies
- deeper NIR sky survey with finer pixels



