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Target – PDS70

JWST NIRISS - January 2022

• T Tauri star, 113 pc, 5.4 Myrs old
• 20-40 au inner hole (0.2-0.4”)

• Larger in sub-mm (dust segregation)
• Inner sub-mm disk ~10au (0.1”)

• Disk looks like donut
• Well observed candidate planets 

• b ~ 22 au (0.195”) has  Halpha !!
• c ~ 30 au (0.24”) seen in Halpha!



Planets In Formation – PDS 70 Planet(s) in the Disk

JWST NIRISS - January 2022



Target – HD 100546

SPHERE/ZIMPOL

• B9Vne star, 97 pc
• 11 AU inner hole (0.1”)
• Disk shows spiral structure
• Well observed candidate planet at 50 au
• Indirect evidence for inner planet ~15 au

JWST NIRISS - January 2022



Target– HD 135344B

• F4V star, ~140 pc
• 25 au inner hole (0.2”)
• Modest accretion onto central star
• Disk shows spiral structure and cavity
• Multiple shadows seen in outer disk
• Sub-mm hole observed by SMA & ALMA

JWST NIRISS - January 2022



Problem: 
Differentiating extended disk and point-like planet

This?

Or this?

Binary 
(point source 
companion)

Olofsson+ 2012, Cheetham+ 2015

Huelamo+ 2011

LkCa 15

Kraus & Ireland 2011

Sallum+ 2015

Thalmann+2016

JWST NIRISS - 2022



How can we separate planets from inner disk emission in 
these observations using AMI?

JWST NIRISS - 2022

○ Binary fitting methods.
○ Image reconstruction.
○ Model disk + binary fitting methods.

Reconstructed image of LkCa 15 
from LBT SAM data (Sallum+ 2017)

Geometrical model fit of HD 
163296 from VLTI (Varga+ 2020)

Fouriever binary chi-squared 
map  (Kammerer+ 2020)



Model Fitting with Visibility Amplitudes and Closure Phases

JWST NIRISS - 2022

K-band direct image (Currie+ 2019) ALMA image (Facchini+ 2020)

Spatial scales: ~30-300 mas

(Blakely+ 2022)

VLT/SPHERE K-band SAM data 
of LkCa 15 from Faustine 
Cantalloube, Arthur Vigan and 
Peter Tuthill.



Searching for Point-Like Objects with and without Considering Extended 
Emission

JWST NIRISS - 2022

WITHOUT WITH

Contrasts of a few 100

Median Contrast 
>1000

(Blakely+ 2022)

Found bright planets tracing inner disk.
Found faint candidate solutions away 
from peak disk emission.



Model Comparison - Evidences

JWST NIRISS - 2022 (Blakely+ 2022)

1 ring

2 rings

2 rings + inner disk

planets

Increasing 
evidence 
(naturally 
includes penalty 
for increasing 
number of model 
parameters)



Image Reconstruction – LkCa 15

JWST NIRISS - 2022 (Blakely+ 2022)

Data
Model with 
inner disk

Point source 
model

Model without 
inner disk



Components of a Geometrical Model for Transition Disks

JWST NIRISS - 2022

Data
Model with 
inner disk

Point source 
model

Model without 
inner disk Benisty+ 2022



Modeling of Systems with Ground-Based SAM Data + Simulated 
Observations of Radiative Transfer Models

JWST NIRISS - 2022

PDS 70 HD 100546

Model

Direct Image

Haffert+ 2019 Garufi+ 2016

*preliminary
 results

VLT/SPHERE H-band 
SAM data 
from Stolker et al. in 
prep. (PI Benisty)



Modeling of Systems with Ground-Based SAM Data + Simulated 
Observations of Radiative Transfer Models

JWST NIRISS - 2022

LkCa 15

Model

Direct Images

Benisty+ 2022

VLT/SPHERE K-band 
SAM data 

Currie+ 2019



Beyond Geometrical Modeling: Denoising Diffusion Probabilistic 
Models for Constrained Image Reconstruction

JWST NIRISS - 2022

Inputs

Reconstruction Ground Truth Image Generation
Simulated Data

*preliminary results



Beyond Geometrical Modeling: Denoising Diffusion Probabilistic 
Models for Constrained Image Reconstruction

JWST NIRISS - 2022

Inputs

Median Standard Deviation Image Generation
VLT/SPHERE H-band SAM data of HD100546

*preliminary results

from Stolker et al. in 
prep. (PI Benisty)



Beyond Geometrical Modeling: Denoising Diffusion Probabilistic 
Models for Constrained Image Reconstruction

JWST NIRISS - 2022

Inputs

Median Standard Deviation Image Generation
VLT/SPHERE H-band SAM data of HD142527



Final Comments: Image Reconstruction and Extended 
Emission Modeling for NIRISS-AMI

• Implemented geometrical modeling tools in Jax (+ Tensorflow + PyTorch):
 FFT + interpolation and exact DFT based observable calculation.
 Differentiable (+ GPU compatible + easily vectorized) geometrical models + analytic binary models.
 Nested sampling based Bayesian model comparison.
 Normalizing flow + Hamiltonian Monte Carlo accelerated posterior exploration.
 Compatible with covariance matrices from Fouriever.

• Our work on VLT/SPHERE SAM data of LkCa 15 demonstrated: 
 Simple geometrical models can be used to fit for extended emission with SAM/AMI data of transition disk 

systems.
 By modeling the extended emission, significantly higher planet contrasts can be probed.

• Currently we are testing/developing methods using ground based VLT/SPHERE data of 
PDS 70, HD100546 and HD135344B.

 Using this data + radiative transfer simulations we will be informing the priors used when analyzing JWST 
NIRISS-AMI data.

• Future work: developing and testing image reconstruction and radiative transfer modeling 
techniques.

 DDPM image reconstruction model architecture optimization, expanding training set + extensive testing.
 MCMC with radiative transfer models.
 Develop best practices for working with AMI + KPI data simultaneously. 

JWST NIRISS - 2022
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