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Purpose of HabEx
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from HabEx interim report  
URS273294 
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Engineering Goals 
for Coronagraph:

1. Inner working angle ~ 2-2.5 λ/D

2. High off-axis throughput

3. <=1e-10 raw contrast

4. 20% spectral bandwidth

5. Robustness to tip/tilt other low-
order Zernike aberrations



HabEx Architecture A Concept

• The HabEx STDT chose these parameters for Architecture A:
• Telescope with a 4m aperture
• 72-m diameter, formation flying external Starshade occulter
• Four instruments:

• Coronagraph Instrument for Exoplanet Imaging
• Starshade Instrument for Exoplanet Imaging
• UV– Near-IR Imaging Multi-object Slit Spectrograph for General Observatory Science
• High Resolution UV Spectrograph for General Observatory Science
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Image from HabEx interim 
report  URS273294 
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Monolith
(4-meter)



Baselined Coronagraph
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Figure from G. Ruane, 
“Vortex coronagraphs for 
the HabEx Mission 
Concept”, JATIS, 2018.

Vector vortex coronagraph (VVC) is baselined for HabEx
• Charge 6 vortex chosen for best balance between performance 

and robustness to low-order aberrations



This Design Study
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Goals:
1. Investigate heritage (TRL 5) coronagraphs 

from WFIRST CGI 
for HabEx
a) Shaped pupil coronagraph (SPC)
b) Hybrid Lyot coronagraph (HLC)

2. Compare performance to baselined VVC 
charge 6.

Performance Targets for Science Goals:
1. High throughput at small working angles 

(2-4 lambda/D) for exo-Earth detection

2. Largest possible dark hole (set by # of DM actuators) 
for planetary systems
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HLC Target Range
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Benefits of 1-D Radial Design
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1. Correct for circular/annular pupils
• Is a true 2-D solution (just azimuthally symmetric)

2. Speed! Orders of magnitude faster
a) Comprehensive grid searches
b) Investigate many different methods
c) Fast results even for nonlinear sub-programs

3. Can easily represent Zernike polynomials in 1-D
a) Simply change the order of Hankel transforms
b) Directly suppress sensitivities to low-order Zernike modes

(from finite stellar size, thermal variations, etc)



Design Strategy
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Optimization Problem: 
Find the “best” configuration using 

a) two DM surfaces
b) complex-amplitude FPM
c) Lyot stop

DM = deformable mirror
FPM = focal plane mask
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ØNonlinear, nonconvex problem
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ØNonlinear, nonconvex problem
How to solve?

a) Break into smaller, tractable steps.
b) Test strategies in 1-D coordinates first.



HLC Design (1/3)
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Step 1: 
1-D DMLC survey to find 
good mask parameters:
1. Lyot stop ID
2. Lyot stop OD
3. FPM radius

DM = deformable mirror
LC = Lyot coronagraph
ID = inner diameter
OD  =outer diameter
FPM = focal plane mask

}
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HLC Design Survey (2/3)
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DM = deformable mirror
FPM = focal plane mask
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Steps 2+: Optimize the FPM (and DMs)

a) Optimize metal and dielectric layers
• 1st order approximation:

i. amplitude = log10(metal thickness)
ii. phase delay = -(dielectric thickness)/λ

b) Concurrently optimize FPM and DM shapes
• Two wrongs make a right: 

Chromaticity of DMs and FPM offset



HLC Design Survey (3/3)

13Pre-Decisional - For Planning Purposes Only

Results from a Design Run 1
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DMs only
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<latexit sha1_base64="3+volHNFNqwg+rajkCKwjxNDUIc=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcyGxCS3gBePUcwDkiXMTmaTIbOzy8ysEJb8gRcPinj1j7z5N04eQhQtaCiquunu8mPBtcH408lsbG5t72R3c3v7B4dH+eOTto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yfXc7zwwpXkk7800Zl5IRpIHnBJjpbv+bJAvuEW8AMLFer1cLVUswZXaVQmjb6sAKzQH+Y/+MKJJyKShgmjdc3FsvJQow6lgs1w/0SwmdEJGrGepJCHTXrq4dIYurDJEQaRsSYMW6vpESkKtp6FvO0Nixvq3Nxf/8nqJCWpeymWcGCbpclGQCGQiNH8bDbli1IipJYQqbm9FdEwUocaGk1sP4X/SLhVdXHRvy4VGeRVHFs7gHC7BhSo04Aaa0AIKATzCM7w4E+fJeXXelq0ZZzVzCj/gvH8B7bCNkw==</latexit><latexit sha1_base64="3+volHNFNqwg+rajkCKwjxNDUIc=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcyGxCS3gBePUcwDkiXMTmaTIbOzy8ysEJb8gRcPinj1j7z5N04eQhQtaCiquunu8mPBtcH408lsbG5t72R3c3v7B4dH+eOTto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yfXc7zwwpXkk7800Zl5IRpIHnBJjpbv+bJAvuEW8AMLFer1cLVUswZXaVQmjb6sAKzQH+Y/+MKJJyKShgmjdc3FsvJQow6lgs1w/0SwmdEJGrGepJCHTXrq4dIYurDJEQaRsSYMW6vpESkKtp6FvO0Nixvq3Nxf/8nqJCWpeymWcGCbpclGQCGQiNH8bDbli1IipJYQqbm9FdEwUocaGk1sP4X/SLhVdXHRvy4VGeRVHFs7gHC7BhSo04Aaa0AIKATzCM7w4E+fJeXXelq0ZZzVzCj/gvH8B7bCNkw==</latexit><latexit sha1_base64="3+volHNFNqwg+rajkCKwjxNDUIc=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcyGxCS3gBePUcwDkiXMTmaTIbOzy8ysEJb8gRcPinj1j7z5N04eQhQtaCiquunu8mPBtcH408lsbG5t72R3c3v7B4dH+eOTto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yfXc7zwwpXkk7800Zl5IRpIHnBJjpbv+bJAvuEW8AMLFer1cLVUswZXaVQmjb6sAKzQH+Y/+MKJJyKShgmjdc3FsvJQow6lgs1w/0SwmdEJGrGepJCHTXrq4dIYurDJEQaRsSYMW6vpESkKtp6FvO0Nixvq3Nxf/8nqJCWpeymWcGCbpclGQCGQiNH8bDbli1IipJYQqbm9FdEwUocaGk1sP4X/SLhVdXHRvy4VGeRVHFs7gHC7BhSo04Aaa0AIKATzCM7w4E+fJeXXelq0ZZzVzCj/gvH8B7bCNkw==</latexit><latexit sha1_base64="3+volHNFNqwg+rajkCKwjxNDUIc=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKcyGxCS3gBePUcwDkiXMTmaTIbOzy8ysEJb8gRcPinj1j7z5N04eQhQtaCiquunu8mPBtcH408lsbG5t72R3c3v7B4dH+eOTto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yfXc7zwwpXkk7800Zl5IRpIHnBJjpbv+bJAvuEW8AMLFer1cLVUswZXaVQmjb6sAKzQH+Y/+MKJJyKShgmjdc3FsvJQow6lgs1w/0SwmdEJGrGepJCHTXrq4dIYurDJEQaRsSYMW6vpESkKtp6FvO0Nixvq3Nxf/8nqJCWpeymWcGCbpclGQCGQiNH8bDbli1IipJYQqbm9FdEwUocaGk1sP4X/SLhVdXHRvy4VGeRVHFs7gHC7BhSo04Aaa0AIKATzCM7w4E+fJeXXelq0ZZzVzCj/gvH8B7bCNkw==</latexit>

DMs +
FPM phase +
FPM amplitude 

Optimization 
Variables in 
Each Step:



Robustness to L.O. Zernikes
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Table from G. Ruane, “Vortex coronagraphs 
for the HabEx Mission Concept”, JATIS, 2018.

Target Values 
(from VC6 performance)

Zernike 
Representations 

in 1-D

Wikipedia

0 2 4 6 8 10 12 14 16 18

Radius (λ0/D)

0

0.2

0.4

0.6

0.8

1

A
m
p
li
tu
d
e

Amplitude-Only FPM (after SP)

Opaque Spot

No Zernike Insens.

Z2-Z8 Insens.

Related Example
(but for Shaped Pupil Lyot 
Coronagraph)

Pre-Decisional - For Planning Purposes Only



Summary and Future Work
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1. Finish adding L.O. Zernike robustness into optimization 

2. Include thin film properties in FPM
1. (amplitude, phase)  à (metal, dielectric)

3. Compute scientific yields
• AYO (C. Stark), 
• EXOSIMS (D. Savransky)

4. Fine tune input parameters to maximize science yield

Pre-Decisional - For Planning Purposes Only


