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Dark Energy and the ?
Fate of the Universe e~

CONSTANT
DARK ENERGY
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SCALE OF THE UNIVERSE

-~J

1
PRESENT

TIME

FUTURE

The full distribution of planets around stars

A SOLAR SYSTEM
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Inner orbits
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WFIRST will measure expansion history and growth of structure
* |If results discrepant -> breakdown of general relativity
* |f results agree -> learn about nature of dark energy
WEFIRST provides multiple probes, enabling cross-checks for
astrophysical and instrumental systematics

~1 WFIRST FoV

2355 uK_emb

At z~1100, matter distribution Z=0.99
IS %}EQ/EIJ}StO 1 0_5 Atlas Probe Workshop - Kruk 3
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* WFIRST combines all
techniques to determine
the evolution of the
universe and the Dark

Energy and Dark Matter.

* WFIRST is the only

observatory doing such
comprehensive
observations

10/20/2018

Hubble Expansion (km/s per Mpc)

WEI'-RST

WFIRST Measures Expansion and Growth

80
Supernova Distances
By GalaxyRAIStans-clY
Weak Lensing Distances ]
% & "
, |
%
N
60
Weak Lensing Growth
Cluster Growth
TS e On
S O - - - - - i y —
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Time (Billion Years)
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MAGNIFICATION
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Microlensing event from
Jupiter-mass planet around an
M-dwarf (Skowron et al 2015)

Shape of light curve is
governed by changing
geometry of source & host
stars & planet; motion of Earth
about Sun affects shape of
star-star light curve.

High-precision relative

photometry is essential

=  Flux calibration over time
* <0.1% over a season

= Flux calibration linearity

Sec 7 - Science Requirements
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Androméda - PHAT Survey

25% of M31’s Disk,. Imaged at High Resolution

The Hubble Way
(400+ individual pointings)

The WFIRST Way
(2 pointings)

WEFIRST will survey nearby galaxies 100x faster than Hubble

10/20/2018 Atlas Probe Workshop - Kruk 8



Nearby Galaxies - A Bridge to the Distant Universe

WFIRST Survey of Nearby Galaxies - Targets: stellar halos, dwarf satellites, globular clusters

—Age dating as a route to astrophysics —The local flow field
— Star forming regions — Dust and ISM
— The limits of galaxy and halo formation — Stellar evolution

— The history of galaxy clusters

M 10 1 :7 .4 MpC ' _L | L | Représentati\;e Cg"ounc‘l-Ba'sed
' 2 I v ' | g " ' 33 | : ’ ‘ .. » ...
» . ‘ Tak
»
L7 POERC E

Repr%s"entaoc!:i'ye gpaece:Basgd

130’ kpc |

10/20/2018 Atlas Probe Workshop - Kruk 9
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Image Processing

at Unprecedented
Ultra-low Noise Contrast Levels
Photon Counting
Visible Detectors

High Contrast
Coronagraph Masks

First Use of
Autonomous Ultra- Deformable Mirrors
Precise Wavefront in Space
Sensing & Control
System
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Semi-major axis for Tau Ceti (d=3.65 pc) [au]

1.0 10.0
10_3 T : . —t L . 1
] Wavelength Known Exoplanets
If present performance ] === < 650 nm m directly imaged, 1.6um observed
1~h H 10_4 3 650 - 800nm L ¢ directly imaged, 750nm predicted
predictions are realized, there ] w800 1000nm % directly imaged, 550nm predicted
. . ’ { == > 1000 nm % i RV, r;f)llectegli his Oredif:)ted t
is potential for: e ] 4 2l
Tl
n _
e 1000-fold improvement # 1076 VLT SPHERE
ofeye (@) ]
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* Dozens of planets within e S0
reach of characterization T 10-8] A
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10-11 ] Instrument curves are 50 post-processed detection limits.
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10/20/2018 Atlas Probe Workshop - Kruk 11
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WFIRST Observatory Concept @

Key Features
Telescope: 2.4m aperture

A% Instruments:

;| Wide Field Imager / Slitless
' Spectrometer

Internal Coronagraph with

Integral Field Spectrometer

s
‘F' f\ Data Downlink: 275 Mbps
-.—==-; " l 8 Data Volume: 11 Tb/day
Orbit: Sun-Earth L2

Launch Vehicle: 3 options
Mission Duration: 5 yr, 10yr goal
Serviceability: Observatory
designed to be robotically
serviceable
Starshade compatible
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WEFIRST orbit seen looking
down on ecliptic plane

Earth °

Sun-Earth L2
Sun-Earth'L2 is located 1.5 Million Kilometers Away From Earth

Lunar Orbit

WEFIRST orbit seen looking
out from Sun

LANETS « ASTROPHYSICS

NFIRST

{ EX0

DARKENERGY
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SNe fixed fields £20° off
of the ecliptic poles,
located in continuous
viewing zone

Observing Zone:

* 54°-126° off Sun Line

» 360° about Sun Line

« +15° about line of sight
(LOS) off max power roll
angle

Earth/Moon LOS
avoidance angles are
a minor sporadic
constraint

Galactic Bulge
G\ (Available twice

. Yyearly)

Keep-Out

Keep-Out
Zone

Zone

Microlensing can
observe inertially fixed
fields in the Galactic
Bulge (GB) for 72 days
twice a year

HLS/GO/Coronagraph
observations can be
optimized within the
full Observing Zone
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WEFIRST Field of View
e e Diffraction-limited imaging
0.28 square degree FoV
0.11” pixels
6 R~4 filters spanning 0.48-2.0 um
1 wide filter 0.93-2.0 um
Sensitivity: 27.8 H(AB) @506 in 1hr

Slitless grism:

1.0-1.93 um
R: 435-865

HST/ACS HST/WFC3 JWST/NIRCAM

10/20/2018 Atlas Probe Workshop - Kruk 15
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» Actual survey designs won’t be chosen until
close to launch, but those presently being
studied can illustrate the type of data that will
be available in the archive.
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High Latitude Survey
50 point-source sensitivity (AB mag), 6.50 line flux

Area Y106 J129 H158 F184 Grism
Wide 2000 26.9 26.95 26.9 26.25 1.0E-16
Deep 20 28.2 28.2 28.2 27.55 2.5E-17

Supernova Survey

50 point-source sensitivity (AB mag) 5-day cadence, 146 visits
Area R062 2087 Y106 J129 H158 F184

Wide 14sqgdeg 28.1 27.8 27.8 28.3 28.7 ---
Deep 5sqdeg -—-- 28.7 29.5 29.4 29.6 29.7

10/20/2018 Atlas Probe Workshop - Kruk 17
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» Microlensing: 2 sq deg monitored at cadences:

= 15min W149 filter, 12hr in 2 other filters (R or Z, and Y or J),
all filters on occasion (weekly?)

" 6 seasons of 60-72 days each

= Excellent temporal sampling
e asteroseismology , astrometry

What do we get by stacking one season of data?

Cadence Visits/season R062 2Z087 Y106 J129 H158 F184 W149
15 min 6912 >30
12 hr 144 28.0 27.65 27.6 27.5
Week(?) 10 26.55 26.2 26.1 26.0 26.0 25.55
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» We don’t know what they will be, but can
think about possibilities.

Limiting point-source sensitivity (AB) in 1 hour

50 imaging, 100 grism continuum flux
R062 72087 Y106 J129 H158 F184 W149 Grism

28.5 28.15 28.1 28.0 28.0 27.5 28.5 20.25

Assuming twice minimum zodiacal light & conservative throughput & instrument
background properties

10/20/2018 Atlas Probe Workshop - Kruk 19
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» System Requirements Review / Mission Definition Review
held February 27 — March 1

= Do we have the right requirements? / Does the mission design
meet those requirements?

» KDP-B completed May 22, 2018
= WFIRST now in Phase B!

» White House FY2019 budget proposed termination of
WEFIRST to fund other priorities
» Direction from HQ is to proceed while Congress deliberates

* Preliminary indications are that WFIRST will be fully funded in
FY2019



» Mission technical baseline unchanged, except:
* Integral Field Channel descoped —4/27/2018

= Will likely to add a slitless prism optimized for SNla
e R~70-100, 0.8-1.6 (2.0) um

» Phase A-E cost remains at $3.2B (50% CL)
= APD to provide “optimal” funding profile

» Present schedule:
= PDR: late 2019
= CDR: mid 2021
= Launch: 3 quarter 2025
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» Mission technical baseline unchanged, except:
* Integral Field Channel descoped —4/27/2018

= Will likely to add a slitless prism optimized for SNIa
« R~70-100, 0.8-1.6 (2.0) um

» Phase A-E cost remains at $3.2B (50% CL)
= APD to provide “optimal” funding profile

» Present schedule:
= PDR: late 2019
= CDR: mid 2021

* Launch: 3" quarter 2025

10/20/2018 Atlas Probe Workshop - Kruk 22
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» First flight detectors to be delivered Dec 2018

» Complete prototype signal chain electronics
tested, including new ASIC

= Will start flight production of ASICs early 2019
» Primary mirror ion figuring starts next week
>Protot De |

rism built, testmg starts next week

10/20/2018 Atlas Probe Workshop - Kruk
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JAXA

Coordinated, contemporaneous ground-based
observations on Subaru

Ground station for telemetry and tracking
Polarization optics for the CGl

Microlensing data from the MOA project

DLR

Precision mechanisms for the CGI

ESA

Star trackers, possibly other S/C components
EMCCD detectors for the CGI
Ground station for telemetry and tracking

CNES

Superpolished optics for the CGI
Grism data processing
Cosmology simulations
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» All observing time to be selected competitively
* Some close to launch, the rest periodically thereafter

» All data will be public immediately
= Archival research will be funded on a par with GO programs
» Scientific priorities to be updated throughout mission, based on
landscape at the time
» Coronagraph available through a Participating Scientist Program
» Changes under consideration:
= Models for time allocation to large programs
= Models for structure of teams for large programs

= Have begun consultations w/FSWG and will be seeking community
input on both topics

= Deep Field workshop held August 30-31

10/20/2018 Atlas Probe Workshop - Kruk 25
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QUESTIONS?

10/20/2018 Atlas Probe Workshop - Kruk 26
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Produce Hubble quality infrared sky images and spectra over 1000's of square degrees of
sky

Determine the expansion history of the Universe and the growth history of its largest
structures in order to test possible explanations of its apparent accelerating expansion
including Dark Energy and modifications to Einstein's gravity.

Complete the statistical census of planetary systems in the Galaxy, from the outer
habitable zone to free floating planets

Demonstrate new technologies enabling direct imaging & spectroscopy of giant planets
and debris disks from habitable zones to beyond the ice lines and characterize their

physical properties.

Provide a robust guest observer program utilizing a minimum of 25% of the time over the
5 year baseline mission and 100% in following years.

Provide a robust archival research program with access to all data from the mission.



» Detector readnoise is comparable to zodi for
imaging on WFIRST, smaller by factor of a few
for slitless spectrocsopy

» Substantial R&D failed to make much
improvement to readnoise

" Order of magnitude improvements to persistence

» Slits on Atlas will help a lot, but readnoise will
limit the gains



hen Goed"mei trns Bad

S s ASTROPHYS

What noise should look like.
Measuring RMS noise tells you what
variance to assign to a given pixel.
No bias on measurements.

10/20/2018 Atlas Probe Workshop - Kruk 30
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What noise should look like.
Measuring RMS noise tells you what
variance to assign to a given pixel.
No bias on measurements.

H4RG 17634 with SIDECAR.

Measuring RMS noise doesn’t tell you
what is affecting any given pixel or group
of pixels. Effects are systematic as well as
random; ellipticity systematically biased.

10/20/2018 Atlas Probe Workshop - Kruk 31
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WFIRST R&D has not improved CDS
noise, but has greatly improved

readout electronics. Now expect
uniformity much closer to expectation.

What noise should look like.
Measuring RMS noise tells you what
variance to assign to a given pixel.
No bias on measurements.

10/20/2018 Atlas Probe Workshop - Kruk 32



