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AFTA Coronagraph Instrument
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Wavelength (microns)

Inner working
angle

100 - 250 mas

3A/D, driven by challenging
pupil

Outer working
angle

0.75 - 1.8 arcsec

By 48X48 DM

Detection Limit

Contrast = 10-°

Cold Jupiters, not exo-
earths. Deeper contrast
looks unlikely due to pupil
shape and extreme stability
requirements

\-‘\fidé—l*‘iel_d Infrared Survey Telescope

Spectral 70 With IFS, R~70 across 600 -
Resolution 980 nm

IFS Spatial 17mas This is Nyqust for A~430nm
Sampling

AFTA Coronagraph Instrument will:

e Characterize the spectra of over a dozen
radial velocity planets.

e Discover and characterize up to a dozen
more ice and gas giants.

e Provide crucial information on the physics of
lanetary atmospheres and clues to planet
ormation.

e Respond to decadal survey to mature
coronagraph technologies, leading to first
images of a nearby Earth.

AFTA WFIRGST
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Star light
suppression

optics \

Functional Block Diagram

1kX1K, Si low
noise FPA; 150K,
IWA 0.25/x arcsec,
OWA 2.5/A arcsec,

Drift control
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. propuision Latoratory OtAT light suppression -- Technical Approach

California Institute of Technology

Phase Induced Amplitude Apadization (PIAA) Hybrid [ Band-Limited Lyot Mask Visible Nuller Coronagraph:
Pupil Re-Mapping Image Plane Amplitude & Phase L
(Guyon, Univ. Arizona) (Trauger, JPL) DaVinci (Shao, JPL)

Down select 1/6/2014 <J_L

Primary Back-up
approach approach

TRL-5 @ start of Phase A (10/2016) TRL-6 @ PDR (10/2018)

Wide-Field Infrared Survey 'lj't"lt".su')pé'
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Org Chart

AFTA Study O fice
Kevin Grady (GSFC)
Catherine Peddie
MNeil Gehrels

Comnagraph Instrument Element
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OTAElement Manager - Feng Zhao (JPL) Wide-Field Instrument
Manager — Ben Parvin (JPL) SE - Renaud Goullioud (JPL) Manager — Cathy Peddie (GSFC)
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Work Package FY14 (Sk)
AFTA Instrument Mgmnt, SE $581
AFTA Instrument Modeling $513
AFTA Instrument Engineering S414
AFTA Coronagraph Instrument Scientist Team (ACIST) $1,095
AFTA Technology Management $580
AFTA Technology -- Masks (2X) $660
AFTA Technology -- DM/FSM SO
AFTA Technology -- LOWFS $762
AFTA Technology -- Detectors $377
AFTA Technology -- Testbeds $337
AFTA Technology -- EDU (TRL-6) S0

TOTAL

$5,319

Draft FY14 Funding Distribution

AFTA
Technology
-- Detectors

AFTA Technology —~ DM/FSM|
0%



Top Level Schedule (shown up to 2015)
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Coronagraph Instrument - Top Level
AFTA-WFIRST

Page 1of1 10/30/2013

Tasks FY2013 FY2014 FY2015

J|A|S D|N‘|D|J|F|M|4|M|J|J|A|S D|N|D|J|F|M|4|M|J|J|A|

DEL: STOP DEL: 5TOP
REC: Sgience Model Model DEL: CATE
Requirements  1/12 (3/167) (8/217) Input
Mission Study/Science Definition Team ¥, 3=/ <Wase:|
£ ) lD,f{ZS REC: Key L2/3 (4/307) DEL: 5DT
7 - Instrument Manager | Regquirements DEL: SDT Final Rpt
I Interim Rpt
I
I
I
rs
ACW ACW AC|»'J HO Mask 1 HCIT-2 Static, Detector Static,
#1 H2 H2.% Decision Fabricated TRR 2% BW Characterized 10% BW
Technology Development | BN —==/—\/———/5/8/——\/=/ /=
) 7/25 9/27 | ACW 1/6 HCIT-1 LOWFS/C Mask 2 1/15 5/15 7/9
Technology Manager : #3 TRR  CRR Fabricated
I
\ : J
[
I
|
Down-select
GLOSSARY:

CATE - Cost and Technical Evaluation

SDT - Science Definition Team

ACW - AFTA Coronagraph Workshop

HCIT - High Contrast Imaging Testbed

TRR - Test Readiness Review

LOWFS - Low Order Wavefront Sensing and Control
CRR - Concept Readiness Review
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Down-select detailed schedule
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Coronagraph Architecture Prioritization Top Level Schedule

Rev. 11/14/2013

ACW #1 ACW #2 ACW #2.5 acw#3
ACWG E at Princeton at JPL| (Telecon) ‘at JPL
h 4 A 4 h A [
vents 23-25th 25-27th 24-25th 20-22nd
88 821 94 12 1016 116 |
Telecons 1116
8/28 9/13 9/23 109 ;
ExoPAG at Denver W :
9-10th 5-6th 10131 SFOM i11/49
SDT SDT Meeting at GSFC W | ———
L _ 9o
Baseline & Threshold Regmts Draft W W Prelim Undste
Advocates 24 Sio | ——

s ica esigns relim [ ACWG - AFTA Coronagraph Working Group
. Optical Desig 930 Prel 175 Y ACW - AFTA C h Warksh
o Technology Plans 9725 ¥ Pfelim ¥ Final TFOM - Technical Ficre of Kark

» ' E“' TRL Assessments ¢ %4 Final|SFOM - Science Figure of Merit
- - 11/20 TRL - Technology Readiness Level
K Coronagraph Instrument Team Prelim SDT - Science Definition Team
F a3 x . 4 . |TAC - Technology Analysis Committee
® — Simulations 1029 11/21 | Fina
% A Sensitivities Y preiim
W EXEPO Chief Technologist 5
' m > TRL Assessment 9/25 W Pfelim 213421 ‘ Final o iver Analysis
H = ; to EXEPO & ASO
A TAC 916 T Y 7 1216
e Brief ! Brief
' 5 ExEPO / ASO TAC | TAC
o ExEPO/ASO Recommendations to APD i /12113
' fon Briefing to HQ W 12113
_ = HQ Decision |Va—v T/ R
ey HQ's Annoucement at AAS VAT

: Iy :

: ::: V Milestone ¥ Completed Milestone < Review ® Completed Review
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o
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Technology Development Schedule
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AFTA-WFIRST Coronagraph Technology Development Top Level Schedule
Rev. 11/13/2013
: AFTA Prpposal Possible
i ) Submitted to NASA HQ TRL 5 Review Coronagraph Downgelect TRL & :Qvinw
AFTA-WFIRST Project Milestones g 15"/ (L RVARRVEFTT 1015/
Rbn:umm_ to HQ
ACWG | 12113
Coronagraph Downselect Final Brief ,/\/ HQ Decision
to TAG | 126 17
105 8. =
LOWFSIC
: Static Mask 2hd  Static, Static, Clospd Dynamic
. ) ; TRR lteratign 2% BW 10% BW Loop TRR | Dynamic 10% BW
High Contrast Imaging Testbed-1 UER I, ( 9/30
" 1 411 112 10115
e ’ LOWFSIC
Btatic Mask 2nd Static, Static] Closed Dynamic
%{I . ) : TRR Merafion 2% BW  10% BW Loop TRR Dynamic 10% BW, SR>T0
High Contrast Imaging Testbed-2 i N
g ;, Mask|1 [] n2 sn2 1130 ACWG - AFTA Coronagraph Working Group
4 .- HQ Pown- Fabricated Mask 2 diation Test LOWFSIC - Low Order Wavefront Sensing and Control
8 - sdlect abrjcated| TRR Complete FSDM - Fast Steering Daformable Mirror
e B Mask/Apodizer Fabrication - AVARY IP's - Integral Fleld Spectrograph
’ B AP e | s > o Coep oote o
- : #1 Clgsed SRR - System Requirements Review
# O : CRR TRR Loop Pemo || (1013 SR - Spectral Resclution
. LOWFS/C : [ 5 #2 Closed
_3 : 115 sne J_ 51 Th3 ‘ Loop DEm?I"RR *[Critical Path still in developmant
E . . ; —L Environ T
by FSDM Environmental Testing Y Complote.
% Det. Arch. 11” Baseline ot;.‘ e ij1
[:] > IFS Detect | Identified and EIPX| _ pet & Elex Flight-Liie
. ];? = etector ; : / _ Testing Complete
= 1111 418 81 1218
v Start work jat GSFC SR>T0 Verified Del to JPL Testbed
> go IFS [ J‘Y
W 915 | 9115 1112
o : 1e-8 Conftrast 1e-9 Contrast
;'_: in Static Environ in Dynamic Environ
i Post-Data Processing L
- 5/9 9/33 Kk} Qual
¥ - . . . Start SRR PDR CDR TRR [Comp
o Flight-Like Eng Dev Unit (EDU) I T 7 9130
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Accomplishment in the past quarter

California Institute of Technology
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Formed an AFTA Coronagraph Instrument team!
Negotiated FY14 scope and budget with AFTA Study Office
Supported AFTA coronagraph down select

— PROPER analysis, Sensitivity analysis,Optical layout and engineering
evaluations

— Organized workshops, telecons with the community
Developed technology maturation plans in response to HQ request

Survived government shut-down

— Slight delay in ACWG analysis, but able to keep original final evaluation date
11/21/2013 (ACW #3)

— Able to fund some technology critical path items such as mask risk mitigations
(thanks to Kevin for some technology money advance before the shut-down!)

— Minor impact to design team — slower ramp up

10
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Issues and Concerns

California Institute of Technology

e No major issues and concerns

11
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Plan for next quarter

California Institute of Technology

e Support final ACWG evaluation and down select
recommendation

e TRL 5 and 6 coronagraph definitions vetted and concurred
e Key technology milestones concurred
e Continue Instrument Design Team, start including “ACIST”

12
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Back-up charts
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_ The Science Path Towards
W o ey the New Worlds Mission

Complete the census

Kepler (warm)
WFIRST p-lensing (cool)

Find nearby transiting planets
TESS
Characterize super-earth/mini-Neptunes
JWST

Imaging and Spectroscopy of planet

WFIRST-AFTA coronagraph (Jupiters,
Neptunes, Super-Earths)

New Worlds Mission (Earth 2.0)
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Coronagraph on Key NASA Flagship Missions
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Instrument name NICMOS STIS NIRCam MIRI ? (HCCI)
Wavelength H (1.6um), 0.2 - 0.2 - 1 - 5um 1.5 - 10.65um, 0.4 -
for NIC2 1.0um 1.0um for 2.5um; 3.1 11.4um, 1.0um
HRC - 5.0um 15.5um
(5%);
23um
(20%)
Coronagraph type Lyot Lyot, with Lyot, with 1) QPM= TBD
: , Gaussian Gaussian Quadrant
- E‘:ﬂ apodization  apodization phase
mask;
s 2) Lyot
_ . Contrast (raw) 1E-5 1E-5 1E-5 1E-8
4 Contrast (post 8E-7 1E-6 1E-9
processing)
IWA (arcsec) 0.5 0.7 0.9 1.7 2 0.5 0.1
OWA (arcsec) 1.0
Throughput

Key Exo-planet
science example

* ]. Krist, “"Coronagraph on the Hubble Space Telescope”,

http://exep.jpl.nasa.gov/TPF/Coronagraph PDFs/CWP2006 15 Krist pp83-85.pdf

** M. Clampin, “Coronagraphic detection of exosolar planets with the James Webb Space Telescope”,
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST Coronagraph WP.pdf
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http://exep.jpl.nasa.gov/TPF/Coronagraph_PDFs/CWP2006_15_Krist_pp83-85.pdf
http://exep.jpl.nasa.gov/TPF/Coronagraph_PDFs/CWP2006_15_Krist_pp83-85.pdf
http://exep.jpl.nasa.gov/TPF/Coronagraph_PDFs/CWP2006_15_Krist_pp83-85.pdf
http://exep.jpl.nasa.gov/TPF/Coronagraph_PDFs/CWP2006_15_Krist_pp83-85.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Coronagraph_WP.pdf
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Hybrid Lyot

DM1, DM2

Mild ACAD on
both DMs

Pupil
mapping

To LOWFS

Apodizer
mask

Occulting
mask

Complex
transmission,
on filter
wheel

Lyot stop

Transmission,
grey, fixed

Inverse
pupil
mapping

16



Shaped Pupil
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i e =

To LOWFS

DM1, DM2 Pupil Apodizer Focal plane Lyot stop Inverse
mapping mask mask pupil
mapping

Mild ACAD on Binary Binary
both DMs reflection on transmission,
filter wheels on filter
wheel

-E-\-’idé$iéld Infrared Survey Tel,escop'é

AFTA WFIRGST
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California Institute of Technology

Vector Vortex

DM1, DM2

Strong ACAD
on both DMs

Pupil

mapping

To LOWFS?

Inverse
pupil
mapping

Apodizer
mask

Focal plane
mask

Lyot stop

Binary Vortex Transmission,
transmission, transmission, binary, fixed
on filter on filter

wheel wheel

18



PIAA - CMC
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\V/ ---------- D D --------- FPA
DM2 PIAA Inverse
mirrors To LOWFS PIAA

Final design deadline extended to 11/4/2013

Pupil Apodizer Occulting Lyot stop Inverse
mapping mask mask pupil
mapping

Medium PIAA mirrors Gray scale, Phase Transmission, Inverse PIAA
ACAD on both filer wheels? transmission,  binary, fixed? mirrors
DMs on filter

wheel
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h »’ S Gregorian Relay
\ / w/ PO Optics
AFTA Exit Pupil ‘
<

VNC Entrance Pupil
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From AFTA (r; BS 9.5 mm fused silica

Telescope . a2 < Yy

1 stage nulling interferometer Two DMs for both phase and amp
Full aperture (radial shear) Lyot stop?
Achromatic phase shifters*

Delay line to adjust OPD
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Propulsion Laboratory VNC aVI nC|
California Institute of Technology
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Interferometer wec

2 stage nulling interferometers One DM (4 quadrants) for both phase and
amplitude control

Diluted aperture (4X) Lyot stop mask (binary, transmission, fixed)

Achromatic phase shifters Fiber bundle spatial filters
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