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Introduction: The James Webb Space Telescope (JWST) is a new telescope providing images and spectra of unmatched quality. Amongst its instruments are:
-> the Near InfraRed Spectrograph (NIRSpec): hyperspectral image, high spectral resolution, “low” (~0.2 arcsecond) spatial resolution
-> the Near InfraRed Camera (NIRCam): multispectral image, low spectral resolution in broadband filters, “high” (~0.06 arcsecond) spatial resolution
Goal: merge the information of both instruments to reconstruct the hyperspectral cube X at high spectral and spatial resolutions.
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Fusion problem framework
Fusion is formulated as a regularized least-squares, leading to an inverse problem including:
e aforward model, describing instruments physics
e a prior model, encapsulating a priori information on X
Formulation - find the scene X that minimizes the objective function: -y, HYm — L, W, (X) H%, + Y HYh — L, Wy (X) S ‘ ‘% + 1 ‘ | VX H%
Multispectral fidelity term Hyperspectral fidelity term Sobolev spatial regularization
Where Ym and Yn are the multispectral and hyperspectral images, respectively. L and W are the forward model matrices (see below). The last term is a regularization,
imposing a spatially smooth solution. This is rephrased as a linear system and solved by gradient descent.
This framework has been established in [2] for simulated JWST data.
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Forward model \ [llustration of data fusion

NIRCam and NIRSpec are described via:
e a spatial degradation, W
e a spectral degradation, L

\ Figure 1, c.f [5]

NIRCam point spread function \
at 3.3um with high contrasts

Figure 3, c.f [1]

/ Results

/ We performed the first astronomical data fusion using JWST images. Images:
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Analysis of the results
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e Match NIRCam information
T spatial degradation Targets: protoplanetary disk d203-506 in the Orion Bar [3] and Titan [4]. e Match NIRSpec tiny variations
. e Tiny checkerboard artefacts
V ~ LW( X) Experimental setup: e Lost some thin NIRCam textures
e NIRSpec: F170LP, 1616 waves, 1.66 um to 2.3 um
spectral degradation e NIRCam: F182M, F187N, F200W, F210M, F212N Spectra:
! e Match NIRSpec emission lines
Throughputs \ Results on d203-506 \

e SNR better than NIRSpec’s
e Absorption line artefact (at 2.2 um on

d203-506
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Our results are highly consistent with
NIRCam and NIRSpec data over the two
considered targets. This method opens up
the analysing of JWST data at higher
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Figure 2, c.f [1] /
/ / Results on Titan
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Spatial regularization ’ V ‘-“WW g Improving spatial regularization, by
- : J; Q . . . . .
1st assumption: X is spatially smooth. 19 20 21 22 23 gathering prior information on multispectral

image (e.g. using a patch based normalising

Spectral regularization

flow [6]).

- 10¢ Fuse over the entire NIRSpec range, by
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2nd assumption: observed spectra are linear
combinations of a few characteristic spectra.
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reconstructing the information even on the
NIRSpec gaps, where it is only partial (e.g.
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