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Direct imaging of:
Protoplanetary disks!
Exoplanets!
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JWST / AMI ... doesn’t work!
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* Non-linear charge migration: The Brighter-Fatter Effect
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JWST / AMI ... doesn’t work!

HIP 65426 - HD 116084

* No better than the ground! I —— Observed
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PDS 70 Pre-AMIGO Results

JWST / AMI Filters

Throughput
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Part 1

Aperture Masking
Interferometry
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Interferometry 101

Non-linearity

if not accounted for
this equality will break

\
What you
S P S F see when | | FFT V
you look (linear) 1
atS S Cl v V
PSF = PSF ———» o
) (linear) C a l calibrated
visibilities
Sky Detector Fourier Plane
\. J
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Part 2

Inverse vs Forward
Modelling
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Inverse vs Forward Models

Inverse model approach:

Pros: Cons:
 Simple * Intractableif f
. -1 . .
Construct an inverse model f -, is non-linear
. suchthatx = f~1(y)
y = f(x)
v
\/J ’
. thing we )
thing we want Forward model approach: Pros. Cons:
measure ) .
* Non-linear functions ¢ More complex
Construct the forward model f, are possible * Computationally
expensive

then infer x from the data y
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Part 3

AMIGO:

A Forward-Model Approach

16
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- Optics, visibility, and detector forward-models of JWST/ AMI [Louis Desdoigts]

8 zodiax

- Automatic differentiation, GPU-acceleration, numpy APl [Google]
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Louis
Desdoigts

Fit for complex visibilities

Amigo Model \

Optics

| Models the Brighter-Fatter Effect
PSF (n,, 240, 240) with a Dynamic Filter CNN

Visibilities

——— —

llluminance (240, 240)

" Effective Detector Model ) Model Ramp DATA

|

(nga 80, 80) Estimators such as:
- Gradient Descent

Electronic:
. _
- HMC
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Part 5

AMIGO Results
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PDS 70 Pre-AMIGO Results

Dori
Blakely

JWST / AMI Filters
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PDS 70

JWST / AMI Filters

-AMIGO Results
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Dori s
Blakely

Used all
of the data!
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(very) preliminary results
Correspondence from Blakely
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HD 206893 Companion Detections

e Star + Brown Dwarf + Planet
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e Star + Brown Dwarf + Planet =

f’

20 kM -

‘ l g
-

-
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Volcanoeson Io

To: 2022-08-01T16:35:16.729
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JWST’s “Up-the-Ramp Readout”

FLux

Data Product: Ramp

(ng, 80, 80)

Time
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Coming up...

Detector non-linearities: €/

*..untilnow

millions of $$$ of data
unusable™!

Model Ramp
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Latent

V|S|b|l|t|es Model

Visibility Maps

Visibility
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Non-Linear
Ramp

Ramp Generation Loop
q(t)
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AMIGO Model Parameters

Optics: 233
Optical Pararmeters D@etector Pararmetaers
* Mirror aberrations Linear Detector
* Fresneldefocus e Jitter

Mask distortion
Non-Linear Ramp
* CNN Weights

Source Parameters * Flatfield
* Subpixelresponse

 Complex Visibilities

« Positions Electronics/Read
e Fluxes * Darkcurrent
,‘ ° Spectral Slope * |ntel‘pixel CapaCitance
Detector: 20978~ .

Pixel gain non-linearity

M optics | Source M Detector
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AMIGO Model Parameters

Detector: 0

jF D Optical Parameters Dettector Parameters

e Mirror aberrations

SoUre® Pararmeters
« Complex Visibilities
 Positions
* Fluxes
Source: 424 * Spectral slope
B Optics Source I Detector
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DISCO Basis

Delay-Invariant Subspace of Calibrated Observables

change of basis
(fancy matrix multiplication)

we do science with these
A

f?

DISCOs

e Extension of Kernel Phase
e A basis thatisinvariantto wavefront error
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Data to DISCOs workflow

Base
Model

CAL Data

SCI Data

9/07/2025

Model
Fitting

instrument
state

7

Kernel
operator

kernel amplitudes
and phases

.

In ‘/cal

In Vgci

diagonalise
covariance

K-InV

T
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» DISCOs
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