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PREDICTED PERFORMANCE OF ROMAN AND CURRENT CAPABILITY

-3 Wavelength (Ao) Known Exoplanets
1077 5 — < G50 nm B self-luminous, 1.6um observed
=== §50-800nm ¢ self-luminous, Band 3 predicted
=== 800 -1000nm A RV, reflected light, predicted
10_4__ = > 1000 nm
E 10—5 4
3 3
0
+ |
3 10-6
o 10 3 "
8 ] ST NIRC;
o] -
5 10774
© 3
—
< 1 .
pred. opti.
=2 -8
o 10774 lmg, 25 ; . g, 38he
100 Jir , ey — . — . Jj200 e
| i
-9 | Uprterariop?
10 A A Jur op oo he
3 A A A
Earth analog A
10_10- ————— @Earthat 10pC == = == 0 == = - ArdmEdDOTS-877
Instrument curves are 50 post processed detectlon Ilmlts
T

005 0.1 05 1
Separation [arcsec]

github.com/nasavbailey/DI-flux-ratio-plot

5

— Performance: 10-8 = reach up to 10-9 after
post-processing

— Expected yield: detection of cold giants, with
handful candidates

— Roman CGl is equipped with DMs, enabling
active wavefront control

Roman is an ideal platform to develop and
mature techniques needed for HWO
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&l Reference does not sample wavefront drift in science
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SMALL GRID DITHERING: IMPROVED SAMPLING OF SPECKLE VARIATIONS

JWST mitigates limited sampling of speckle variations using Small-Grid Dithering (Soummer+14, Lajoie+16).

a Acquire reference PSFs at controlled offset positions behind the
coronagraph

¥ Build a compact reference PSF library sampling speckle variations

O Q Q & Better sampling of speckle variations improves overlap with the
‘ science speckle subspace - T

*

Carter et al. +23
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EXTENDING SMALL GRID DITHERING TO HIGH ORDER DITHERING

Small Grid Dithering High-Order Dithering
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—Replace tip-tilt with controlled
Zernike dithers

— Use DM to inject complex

Zermke T

mode(s

L@QQ

— Applied only during reference
acquisition

© O O

Dither pattern on
the DM

Richer PSF Diversity —> Richer Model Subspace
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THE ESCAPE PROJECT: TEAM AND SCOPE

Goal: Develop modern post processing methods tailored to active space telescopes and enable
the direct imaging of cold giant exoplanets
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VERIFYING HIGH-ORDER DITHERING: EXPERIMENT AND SIMULATION

Simulation Validation on CAPyBARA
A&A: Altinier et al., (in prep)

End-to-End prototyping of observing
sequence

Lisa Altinier

CAPyBARA

Software - Altinier et al., +24, JOSS: Lau,
Altinier et al., (in prep)

Gain trend depending on the mode used, drift 10%, full overlap

= Gain rpy = 4.15 A/D
— Gain rpy = 6 A/D
Gain rpy = 7.85 A/D
=+ No gain limit
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— system-level HCI testbed

— ~708 contrast level (~Roman)

(Soummer et al., +24)
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EXPERIMENTAL SEQUENCE ON HICAT TESTBED
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EXPERIMENTAL SEQUENCE ON HICAT TESTBED
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EXPERIMENTAL SEQUENCE ON HICAT TESTBED
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Reference Roll Roll Roll Roll
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Grouped single mode Linear combinations Linear combinations
(radial degree) (compact) (extended)

e s INR !III
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multiple amplitudes explored (.4 nm - 3.5 nm)
|dentical setup for observing sequence and post-processing setup for all cases
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HIGH-ORDER DITHERING: STUDY DESIGN AND PARAMETER SPACE
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50 Contrast

HIGH-ORDER DITHERING: CONTRAST IMPROVEMENT RELATIVE TO NO DITHER

10—5_

10—6_
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Separation (A/D)
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Radial group: Z16 - Z21

Strategy: Linear combinations
(Extended)

Dither amplitude: 3.7 nm

Up to x2.5 contrast limit gain
beyond 5 A\/D

HiCAT baseline contrast ~1e-8, higher level due to injected slew and drift to mimic the

realistic observing sequence
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HIGH-ORDER DITHERING: GAIN AND AMPLITUDE SENSITIVITY

Z16-Z21 (best performance
& sensitivity around median)
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Grouped Single (A=1.90 nm, A€ [0.80, 2.70] nm)
—~—= Linear Combination (best, A=1.90 nm)

Linear Combination (A=2.30 nm, A€[1.60, 3.10] nm)
—== Linear Combination (Extended) (best, A=3.10 nm)

Linear Combination (Extended) (A=1.90 nm, A€ [0.80, 2.70] nm)
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Dashed line: Best performing
amplitude for each method

Shaded region: local sensitivity to
the amplitude choice

— Correct modes alone are not
sufficient; amplitude tuning is
required
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CONCLUSION AND PERSPECTIVES

Conclusion
High-order dithering can better capturing speckle variations -> improved performance

An optimal gain of ~2.5x = Amag = 1 detection limit

The approach remains operationally simple when the number of dithers is limited, making it compatible to
Roman CGl

The dithering amplitude is a key control parameter, together with the choice of dithering modes; tuning and
identification are therefore required, likely informed by commissioning data.

Perspectives

Use Roman Observing Scenario 11 and simulations to inform both modal content and amplitude selection.

Looking into other basis for dithers
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