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Table D3. Traceability Matrix
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Table D1. Comparison of WISH w the Euclid, WFIEST, and TWST Missions
Euclid®  |WFIRST (DRM1)"| WFIRST (NRO)° JWST WISH
Minror 1.2m 1.3m _ 24m 6.5m 1.5m

0.55 deg” 0.375 deg? 0.375 deg? 0.0026 deg® 0.24 deg®

Visible Imager 0.55 — 0.80 p'm 0.6 —2.3 pm

MIR Imeager 0.92 — 2.0 um 0.73 - 2.4 um 0.82 - 2.0 um 24 -5pum 0.80 - 5.0 um

Lim. Mag. (5] 24 AB 26 AB 275 AB 23.1 ABY 28 AB ©

Survey Area 15.000 dag® 3,400 deg® ~ 3,400 deg® 0.044 dag® @ 100 dag®*

MNIR _ , . Grizm Grism Grrism Option
Spectroscopy 11 =20 m 1.3-2.0pm 2.4 —50 um 1-5pm

Dark Enargy, Dark Enargy, Firat Galaxies,
Exoplaneats, Exoplanats, First Galaxies Reionzation,
Deap NIR Surveys | Deep NMIR Sunays Galache Science

Primary Dark Eneargy,
Science Dark Matter

12T " Green etal. [35]. ° Dpessler etal. [22], “ IWST MNIRCam Mosaic of the Chamndra Deep Field Sowth [44);
* WISH Ultra-Deep Survey; the WISH Extreme Survey reaches 29.5 AB mag within 0.24 deg?.
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Fig. D-1. Comparizon of WISH survey sensitivity and areal coverage to that of other surveys in
the cntical 2.5-3 pum band that enables characterization of high-z galaxies (especiallv those at
z = 12) and rest ff band detections of 0.5 < = < 1.5 SNe (Sections D2.1 and 2.2). Green circles
show the WISH surveys (Sections D21, 2.2, 2.3, and 1.4). The shaded area encompasses surveys
conducted by the Spitzer/TRAC. Although not shown because its area is wo small, the Ultra-Deep
Field Imaging Survey from the JWST DREM will reach ~ 31.5 AB mag ( [0} over L0027 deg”.
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Table D2, Prime WISH Surveys

Dapth (5} Ared Center Wavelengths  Survey Time® FProposal
(AB Mag.) {deg?) (am ) {years) Secton

Ultra-Deep Survey
(UDS)

Ultra-Deep Survey, 4m o

1.0,1.4, 18 23 3

I':':J“st'?wdaE'””""' 5 1000 | 10,14, 1.8 23 30, 4.0

Extreme Survey e s ne
Ext 205 n 10, 1.4,18,23, 30

" Assumes B3% observing efficiency toward the ecliptic pole. a QE of Ti%, a dark current of (W03 &7 /5, a read moise
of 15 &7 (for N=1, CD¥5L a throughput of 74%. and Powler 4 sampling (see Section EL3 ) " Within the '|. D5 field.

WISH Mini-International Meeting Univ. Tokyo, 2013 March 26



WISH SNe Search Proposal. I.
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Fig. D-7. Lefi: Variation in peak SN [a magnitude as a function of wavelength, based on simula-
tons [46]. Note the small dispersion in the NIR and particularly the & band. Righs: Contours of
best-fit magnitudes and dispersions for nearby SNe at J, /7, and i, confirming the models[64].
The inner contours (95% probability) for A -band observations span (.11 £ 0.03 mag; the corre-
sponding values for J and K, are 0017 £ 0,03, and 0019 £ 0004 mag, respectively.

e WISH excels at 0.5 <z < 1.0 (rest-H)

e Low instrinsic scatter, low systematics

WISH Mini-International Meeting Univ. Tokyo, 2013 March 26



WISH SNe Search Proposal. 11.

e Design UDS to facilitate SNe Search?
m Repeat observations of ‘tiles’ 12 times
e O9X “early,” 3X ‘late’

m Rotate filters in each tile; use full UDS set
e 14-day cadence to cover SN rise time
e Single-epoch depth: 26.6 AB mag, 50

m~7/50 SNe la in each Az=0.1 over z=0.5-1.0
with 0<0.25 mag

m Better reduction of systematics than any
other IR SNe survey

WISH Mini-International Meeting Univ. Tokyo, 2013 March 26



SAQ Participation in the Wide-field Imaging Surveyor for High-redshifts {WISH)
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Participation in the JAXA/ISAS Mission WISH:
Wide-field Imaging Surveyor for High-redshifts
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Smithsonian Astrophysical Observatory has
proposed to NASA to team with the
JAXA/ISAS WISH project to

e perform groundbreaking surveys of the
Cosmic Dawn

e supply the WISH focal plane consisting of
32 H2RG HgCdTe (0.9 — 5.0 um) arrays

e Operate the U.S. WISH Data Center



SAO-WISH Science Team

Giovanni Fazio — SAO WISH P
Gary Melnick — SAO WISH Deputy P. I.
m  will assist Dr. Fazio in leading the SAO science

team,
m  develop the survey observing plans
Matthew Ashby

m  US lead for source extraction, bandmerging,
catalo_? construction, and identification of high-
redshift sources in the WISH surveys.

m  Help establish the US-WDC
m  FPA testing
Joseph Hora
m |ead FPA test effort at SAO
m  support the science survey planning
m datareduction and analysis techniques
m  Galactic science programs.
Howard Smith
m science and data programs
m  direct the US-WDC.
Volker Tolls
m  FPAtesting, develop on-ground science tests
m on-orbit check-out and performance monitoring
m  Galactic science programs.

Zhong Wang
m  Participate in FPA testing

m oversee the science data pipeline design and
implementation

m  statistical analysis of the faintest galaxy
population.
Steven Willner
m participate in FPA testing
m  Observing program design, and
B science analysis of distant galaxies and
active galactic nuclei.
Daniel Eisenstein

m study of intermediate and high-redshift
Palames with WISH, focusing on the impact of
arge-scale structure.

Lars Hernquist

m participate in the interpretation of the
observations

m  perform cosmological simulations of galaxy
and structure formation.

Avi Loeb

m will deveIoP state-of-the-art models of high-
redshift galaxies in the WISH wavelengt
range.



SAO Proposal Status

e Proposal to NASA prepared in Fall 2012

m Second Stand Alone Missions of Opportunit
Notice (SALMON-2) Astrophysics Mission o
Opportunity éI\/IO) science investigations
through the Explorer Program

m Rough Order of Magnitude (ROM) price
estimate obtained from Teledyne ~ $35M

m Science case and Management Plan written,
level of effort at SAO determined for FPA
testing and science participation

m Proposal submitted in December 2012, total
$59.5M including ~25% reserves

e Decision expected in mid-2013



Comparison of WISH,
Euclid, WFIRST, JWST

| coow [wemstome|wemstenor|  ower | wes
[owemar [ ossosom | — | — [ oozom | —

15,000 deg? 3,400 deg? ~3400deg® | 0.044 deg?? 100 deg?®
NIR 11-20um Grism Grism Grism Option
Spectroscopy ' CH 1.3-2.0um 2.4-50pum 1-5um

Dark Energy, Dark Energy, First Galaxies,
Exoplanets, Exoplanets, First Galaxies Reionization,
Deep NIR Surveys | Deep NIR Surveys Galactic Science

Primary Dark Energy,
Science Dark Matter

@ 127]; * Green etal. [35]; ¢ Dressler etal. [22]; ¢ JWST NIRCam Mosaic of the Chandra Deep Field South [44];
¢ WISH Ultra-Deep Survey: the WISH Extreme Survey reaches 29.5 AB mag within 0.24 deg?.




Project Schedule Summary

2013 | 2014 2015

PHASE A

2016
PH. B

2017
WISH PROJECT

FPA DELIVERY
KDP-A KDP-B DP-C

T , |

SAO-WISH PROJECT

PHASE C

2018 | 2019

PH. D

2020

LAUNCH
KDP-D KDP-E

2021 2022
MISSION ORS
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Schedule Detal

21 Mlsston Critical Review
Bund Fllghl Model

Recelve and Test FPAs .

24 Integraton Test and Launch
25 Mlsswon Operations
26 Data Archiving

SAO WISH SCHEDULE SAO 1SH
(NASA Fiscal Years) Su bort

Prup

WBS 40 Smenceffechnology

‘ WBS 4.1 Scientific Mission Development Support -
‘ WBS 4.2 U.S. WISH Data Center Development --




FPA Test Flow

1
JAXA WISH |
mission selection |

Procure , Delivery of
engineering H2RG | engineering
H2RG, ASIC

Design of SAO Fabrication of Install
Dark Test dewar SAQ Dark Test : components in
dewar Dark Test dewar

Dark dewar tests with
engineering arrays —
verify test facility and
electronics

¢

Design of SAO Fabricate SAO Verify lllumination

[llumination test [llumination Test Z:> Test dewar with

dewar dewar engineering arrays
|

I

Perform illumination Begin flight FPA Complete flight FPA Integrate FPAs
tests with evaluations in SAQO | evaluations at SAO, | into WISH focal
engineering FPAs test facilities deliver to JAXA plane

i Participate in FPA

FPAs at JAXA-WISH

Test flight FPAs
and ASICs with
JAXA simulator

Begin tests of
engineering arrays tests in WISH
observatory

with JAXA-supplied
spacecraft simulator




H2RG Flight Packaging







FPA Reguirements and Margin

Median dark current <0.05 e-/sec <0.01 e-/sec m
Median well capacity >65000 >85000 e-
Inoperable pixels  S5% | <1% | 400 |




Time Requirements for Surveys

Depth (50) Area Center Wavelengths  Survey Time?
(AB Mag.) (deg?) (um) (years)

Ultra-Deep Survey
Ultra-Deep Survey, 4uym

Ultra-Wide Survey 1, 1.0,1.4, 1.8, 2. 4
(EEXé;eme Survey 1.0, 1.4, 1.8’ 2.3, 3.0

Assumes 85% observing efficiency toward the ecliptic pole,
detector QE =70%, dark current =0.05 e-/s, read noise = 15 e-
(for N=1, CDS), throughput of 74%, and Fowler 4 sampling




FPA testing at SAO

e All FPAs will be screened at Teledyne

m Must meet procurement specs in order to
deliver
e Each FPA will be tested at SAO to confirm
performance, tune parameters to optimize
for individual ASIC operation

e Subset of FPASs will be tested for

m more extensive exploration of detector
characteristics: point source response, bright
source effects, etc.

m development and verification of flight ASIC
code

m Interface to WISH electronics



Low Background Tests

e "“Dark Dewar” with arrays in 2x2 configuration

e [or testing low background operation
m Read noise
m Dark current

e Simple flood illumination of detectors to measure
m Operability
m Radiometric stability
m Quantum efficiency
m Uniformity
m Linearity
m Well depth
m Residual images



Spot Hlumination Tests

e Second test facility will provide focused point
sources on the arrays, wheel for filters in 1-5 ym
range

e Detector parameters to be measured:

m Quantum efficiency
m Linearity

m Well depth

m Residual images

m Radiometric stability

m ASIC readout modes and functionality (e.g.
windowing and guide modes)

m Crosstalk — inter-pixel and between SCAs in the 2 X 2
configuration



FPA Characterization

e Operate FPAs In flight-like modes —
pointing, guiding, science frame readout

e Use flight ASIC code, WISH electronics
simulator
m Effects of guiding windows on science data
m Crosstalk between arrays

e Perform optimization of biases,
operating modes



