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WFIRST Mission Objectives

WFIRST = Wide-Field Infrared Survey Telescope

Science Objectives:
Precursor science for Exoplanet Missions

e Characterize the history of cosmic acceleration
and structure growth

e Understand how planetary systems form and Debris disk
evolve and determine the prevalence of planets
in the colder outer regions

e Demonstrate technology for characterization of
atmospheres down to Jupiters around nearby

X 08 k
Wavelength (microns)

stars Exo-planet Exo-planet
Direct imaging Spectroscopy

Characterize debris disks around nearby stars
The Instrument

CGl advances a number of new technologies:

Novel coronagraph masks (shaped pupil
coronagraph and hybrid Lyot coronagraph)

Coronagraph Wide Field Instrument

— Precision wavefront sensing and control with 2 strument
deformable mirrors (Xinetics) ~

— Ultra-low noise detector
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WFIRST Flight System

e 2.4 mtelescope
— Already built and flight tested

Wide Field
e Two instruments: Imager
— Coronagraph
— Wide field imager
e Orbit:
— Sun-Earth L2 Orbit
— 6 yrs. Nominal Mission Coronagraph
e Launch:

— 2024 on Delta IV heavy
or Falcon heavy

WFIRST-AFTA Instrument
Field of View Layout

Sky Projection
Cycle 6 (v.6.5.9b)

(Sunshade)
Payload FOV +Y

Coronagraph
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WEFC Field
(Center: 0.50°)

iMidpaint between outer comers]
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Two Coronagraphs in One

 Primary coronagraph architecture:
Occulting Mask Coronagraph = Shaped Pupil + Hybrid Lyot

Focal Plane bm2

— SP and HL share same optical layout N

Field Stop mask

— Operate with different
apodizing and occulting masks

LOWFS

Color Filter Camera

Wheel Lyot Stop

Imaging

Camera

SPC Focal plane Lyot  Field stop Filter

From mask mask mask mask  wheel
Telescope : ! : : .

OAP2

OAP1

‘N i LOWFS/C
E 1% = I Coronagraph
N Al Instrument (CGI)
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CGI Operational Modes
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CGI Operational Modes
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Shaped Pupil Spectroscopy Mode

The IFS uses 3 18% bands to produce an R=70 spectra from 600 to 970 nm
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CGI Operational Modes

Shaped Pupil Disk Imaging Mode

Disk Imaging at wavelengths 465 and 890 nm, in 2 simultaneous polarizations

Image from 2015 Exo-C STDT Final Report
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Typical Observing Sequence

e The typical scenario involves two stars:
1. A nearby bright star for getting a dark hole (~ 3 Hrs)®
2. The planet host target star (~10 Hrs)” * numbers notional

/ \ 60 - . : : . :
1 I T (C—_Jan |
* RV planets Lo
Bright star for ~20 deg
acquisition of DH \ V~6 mag
”ﬁﬂw n

Target star and planet
0 1l
K / 0 2 4 6 8 10 12 14

&n
==

Entries / bin
[ Cad e
[} [ [

e
o
T

<®2

/ \ Vmag
Angular Differential Imaging Case
+13° +roll angle (= 0 at min solar angle)
Bright o
Star 0
+13° SA normal
Target ) Solar angle
Star 0°
Sun
\ -13¢ /
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Observing Steps Y

1. Coarse Acquire Bright Star (V < 3) Bright star for
1. ACS places the star within the imager FOV eetulElitien 7 D

2. CGl sends pointing error as sensed by imager to S/C for correction

2. Preconfigure for Dark Hole
1. The LOWFS determines the tip tilt (T/T), focus (FOC), and LOWF modes
2. LOWEFC actuates the FSM to zero out the measured T/T
3. LOWEFCinitially zeros out focus and LOWF using FocM and DM1
4. CGI configures masks and filters, and presets DM1 and DM?2

3. Generate Dark Hole
1. DM1 and DM2 generate probe fields for dark hole (DH) generation

~20 deg

V ~6mag

Science star

@2

2. The system computer iteratively updates DM1,2, re-probes, and makes the DH deeper until

H., delta Contrast is low enough

3. CGl sets target FOC, LOWF for LOWFS/C based on current state; T/T setting is stored (=TTDH)

4. Slew to Science Star

5. Acquire Science Star

1. Similar to Bright Star Acquisition, then:

2. LOWEFC actuates the FSM targeting T/T = TTDH from best dark hole
6. Set Dark Hole and Integrate

1. LOWFSC maintains T/T FOC, LOWF at targeted values

2. DM1, DM2 are only modified to maintain LOWF

7/8/2016 B. Nemati - WFIRST Coronagraph
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GSFC OS5 (Final) Result
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OS5 Wavefront Error: Pre- and Post-Correction
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No DM LOWFC

7/8/2016

OS5 Speckle Movie

DM LOWEFC DM LOWEFC
No DAC 16 bit DAC

B. Nemati - WFIRST Coronagraph

DM LOWFC
16 bit DAC
Randomized
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Mean Contrast 3—4.5A/D

1X10_9 """"" T R s e e e ———

DM with DAC reduces low-order error but introduces
other, higher frequency errors that perturb speckle field.

9x107"°

No DM LOWEFC

8x107

DM LOWFC (16 bit DAC)

Brightness trend follows coma

Mean contrast 3-4.5 A/D

. DM LOWEFC (16 bit DAC) DM LOWFC
6x100f, Rendomized = e L ]
0 10 20 30
Hours
—
o B UMa % 47 UMa k) 47 UMa
24130 9 +13° 5 -13°
wv (s

7/8/2016 B. Nemati - WFIRST Coronagraph



Jet Propulsion Laboratory
California Instigyte of Technology

Reference and angular differential imaging (noiseless): coadded images

47 UMa iterative
B UMa 47 UMa, 3. 47 UMa ,5.-BUMa  roll subtraction®

Using DM LOWFC
improves stability at
IWA and between
stars

No DM LOWEFC

DM LOWEFC
16 bit DAC

Log,,(contrast)

DM LOWEFC
16 bit DAC
Randomized

DM LOWFC
No DAC

*Described in Krist et al., “HST and Spitzer Observations of the HD 207129 Debris Ring”, Astron. J., 140, 1051 (2010).
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47 UMa, 3. with Shot Noise only

IncIudesV 5.0 signal, losses from coronagraph, reflections, filter, polarizer, CCD
All images shown as sqrt(intensity)

1000 sec 10000 sec 20000 sec 30000 sec 40000 sec 50000 sec

Raw

A
*
|

oiseless

=

—1

“Noisy image with planets subtracted by noiseless image Noiseless
without planets, revealing the planet + planet shot noise + planets
speckle shot noise
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Planet Orbital Phase

* Planet orbital phase affects the

planet contrast.
. . ‘gff (T\ﬁ E/i) fo

* Ingeneral the planet is only viewable ; INNER -

about 1/3 of the time L) D
e The typical RV candidate will have an ® ®

8 year orbital period. x >
 We will want to optimize observation the planet will be observable

times to ‘catch the planet’ near a only ~ 1/3 of the time

favorable phase.
* QOur selected systems will be ones —

. . . . . 30+ N :Igla;nd i
with orbital phase and inclination RV planets

[
o

information available

[
(=1

* One consequence is that planet
observations will necessarily be
interspersed throughout the mission
lifetime.

Entries/bin
o
[

-
[=]
T

o
T

o
T

e me e

— Last ones will see a detector with o 2z 4 8 & 10 12 14 1 1
Period, yr
traps

— Early ones will see a new detector
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Planet Yield — RV detections
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What is a Starshade?

Figure ES-2. A starshade, also called an external occulter, is
a precisely shaped screen that flies in formation with a
telescope. The starshade blocks starlight to create a high-
contrast shadow so that only planet light enters the telescope.

By blocking the light before it gets to the telescope, high-contrast imaging is achieved
without imposing any stringent requirements on the telescope optics. Diffraction-
limited imaging and few-milli-arcsecond pointing are sufficient.

7/8/2016 B. Nemati - WFIRST Coronagraph 19



Starshade Take Aways

e Rendezvous Starshade will be 20-40 m in diameter, depending
on science/technology goals and budget.

e |t will be sensitive enough to detect Exo-Earths in the habitable
zone.

* We are marching toward TRL-5.

e It will not drive any optical requirements on the telescope or
wide-field instrument.

7/8/2016 B. Nemati - WFIRST Coronagraph 20
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Technology: High Contrast Imaging

e Demonstrated broadband (10% at 550nm) high raw contrast
(<1e-8) in a static environment for both
— HLC (Hybrid Lyot Coronagraph)
— SPC (Shaped Pupil Coronagraph) with WFIRST telescope pupil

Contrast, all bands
7.98e-09

HLC: 10%

Ak‘@ B - bandwidth 550nm
21 ooy Contrast:8.54e:09 g 54e-09

Nl

ACS (14 mas) + Jitter RWA @ 10 Hz
Highest CBE disturbance level

——
Open Loop X&Y e W . 5101
14 : f t 500 - Y 1536
,_g = 1
Ez /A ah 9]
£ / 2
=10 A ] | ST SRR
rd f - —— X Tik (£2): Open :
5 / ! e = ¥ Tilt: (£3): Open |
i 7, S X Tik (Z2): Closed||
= /i @ -~ ¥ Tilt (Z3): Closed|
x & 17 O SIS WK W SRR |
2 Y =]
o Apo i o |
o / o
-10 0 10 £ | 5
AD 2 Closed L X&Y Vel |
¥ 0427
0 i Oop \/ ——
10° 10" 10° 10' 107 ¥ oaee o°

7/8/2016 B. Nemati - WFIRST Coronagraph Frequency (Hz) 21



Jet Propulsion Laboratory

m.mmmTechnology — Integral Field Spectrograph

e Demonstrate key performance
— Ability to preserve high contrast within the IFS

— Maintain spectrophotometric precision to characterize exoplanetary
atmospheres

|IFS Specifications
Band center wavelength (hm 660 770 890
Amin (nm) 600 700 810
Amax (nm) 720 840 970
# of dispersed pixels 25.2
Instantaneous bandpass 18%
fl# 870
Lenslet pitch (um) 174
Lenslet sampling at A [# lenslets/( A¢ /D)] 3.3 3.9 4.6
FoV (# of A/D*) [radius] 145 12.4 10.7
FoV (arcsec) [radius 0.82x0.82
Pinhole diameter [microns 25-30
Lenslet array format 76x76
Magnification from lenslet to detector 11
Spectral resolution [over 2 pixels]

Lenslet

LENSLETS

PINHOLE MASK AT LENSLET FOCUS DISPERSED LENSLET IMAGES EXTRACTED DATA CUBE

7/8/2016 B. Nemati - WFIRST Coronagraph 22



Jet Propulsion Laboratory
California Institute of Technology

Technology Milestone #9 — TRL 5 Testbed Demonstration

e The Next major technology milestone for the coronagraph is to
demonstrate contrast at < 1e-8 with a flight-traceable design and
in the presence of flight like perturbations

 Both Coronagraph settings will be tested:

— Hybrid Lyot Coronagraph (HLC) mode
— Shaped-pupil Coronagraph (SPC) mode

* On track for 9/30/2016 testbed demonstration (dynamic

environment)

‘ Access platform N Science camera

IFS dummy

}JMasks . : ; o 2 FS camera

FSM
Focus adjuster

Vibration isolatio
support frame ,
Vacuum tank (HCIT-1 )/7
(thermal insulation

insidé & outside)
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Project Status

e WHFIRST Coronagraph is now in Phase A and making rapid
progress

* All the technology milestones so far have been successfully
passed

e By October 2017 We Expect:
— Technology flight readiness at TRL=6
| — Commence the Implementation Phase (NASA Phase B)

RS
= L -’-h‘

7/8/2016 B. Nemati - WFIRST Coronagraph
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BACKUP

7/8/2016

B. Nemati - WFIRST Coronagraph
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Coronagraph Background

e C(Classic Coronagraph Description:

— Opaque disk blocking the sun’s glare, so we can see faint objects around the sun, such as
corona

— A coronagraph produces an artificial solar eclipse
e Occulter + Lyot Stop

* Key parameters:

— Contrast: residual light intensity outside the disk. Lower is better, allowing observing of faint
objects such as exoplanets

— Inner working angle (IWA): outer edge of the blocking disk. Smaller is better, allowing
observing objects closer to the sun (star)

|

‘

e

— Outer working angle (OWA): outer most edge of the dark field

At ¢ High Contrast Imaging of Exoplanets Occulting Lyot
{ @ o Aperture Mask Stop Detector
‘.; — Contrast: <10 S Jd 8 L | _
— IWA: ~100 — 250 mas . .____"_'_'j_'.'.:-__-_-_._._._l
| i

Need a space coronagraph with precision wave-front control.

7/8/2016 B. Nemati - WFIRST Coronagraph 26



Jet Propulsion Laboratory
California Institute of Technology

7/8/2016

107

contrast
—
o
&

—
-]
©

10—10

PIAA

A \ 88 planets, 32 days
:_g&a,ﬁ \ /\\ _Z
i mﬁ . \ — — — fleor: 1.6mas/10x _|
%a &A A \ /‘\ ————— floor: 0.4mas/30x —

Ay LA & A -
NESWA an -t/ \
_\E . ,&-‘,. Fa A —

S A% A & \/\

RS
— A E&\A A 4 \ —
SR =
C \ P A A . 7
- o BE » 8 A \A -
B N SN o8 n
- \ N2 ]
\ a0 b l
\ N
— \-\./, ﬂ\ \ N . -
- \ ! \ : -
- \ ;f \ B —
N N '-‘ S N _
— v ‘\ \I\. -
\ -
L . N
\\/ N_._.d0 EKBs _

N PLQA, X—pol., RV detections, 565 nm -

angle(arcsec)

B. Nemati - WFIRST Coronagraph

yrv2dlpisal2x—x.pdf



	 WFIRST Coronagraph:�Status and Performance Expectations
	WFIRST Mission Objectives
	      WFIRST Flight System
	Two Coronagraphs in One
	CGI Operational Modes
	CGI Operational Modes 
	CGI Operational Modes 
	Typical Observing Sequence
	   Observing Steps
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Planet Orbital Phase
	Planet Yield – RV detections
	Slide Number 18
	What is a Starshade?
	Starshade Take Aways
	Technology: High Contrast Imaging
	Technology – Integral Field Spectrograph
	Technology Milestone #9 – TRL 5 Testbed Demonstration
	Project Status
	Backup
	Coronagraph Background
	PIAA

