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The Marshall Grazing Incidence X-ray Spectrometer (MaGIXS) sounding rocket mission proved the long abandoned slitless imaging spectrometry to be promising in tackling the An unfolding method has been successfully developed and demonstrated on the first rocket flight MaGIXS. The inversion invokes several variable hyperparameters to unfold the
challenge of understanding the complex dynamics of the coronal plasma heating events. Indeed, the spectroheliogram contains both spatial and spectral information collected spatial-spectral overlaps. In the present work, we conduct a systematic investigation of the hyperparameters that controls the inversion and perform parameter optimization to unfold
simultaneously over a large field of view (9.5’ x 25’). MaGIXS observed several strong emission lines (from ~9 to 30A) from different portions of two active regions. Depending on the overlappogram data. We also demonstrate two different modes of inverting spectroheliogram data, one that relies on inverting all ion simultaneously (akin to standard emission
size of the extended source combined with the extent of spectral dispersion, there will be locations in the focal plane where spectral lines from different spatial locations overlap and measure inversions) and another that inverts single ions alone and does not require previous assumptions on the thermal and ionization equilibrium and abundance state of the plasma.

must be deconvolved.

1. MaGIXS Flight data

The ‘spectroheliogram’ is composed of overlaps of spectrally pure images of the Sun repeated for
several emission lines.
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3. Modes of inversion 4. Study of hyper parameters

We have defined two modes of inversion that differ in the way it solves for a plasma model to match the observations. Both the
modes rely on a multi-dimensional matrix, M, (or) response function, which combines instrument characteristics (using MaGIXS
calibration [3]) and plasma properties (using atomic database Chianti V10.0.2 [4]). It provides a list of elementary spectra (from Smallest penalty where inversion
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Figure 1: The summed level 1.5 data from the first MaGIXS rocket flight, taken from [1]. The repetitive
structures indicate X-ray emission from several bright points arising from different ions at different
wavelengths (Marked in different colors). (See [1] for details)
2. Inversion method
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Fitting of the model x* to match the data using the ElasticNet method of Scikit
Learn:

— : 2 2
x* = argmin] ly-Mxll ,* + aplixll, + 0.5a(7-p)lixll * ]
x* is chosen so that the prediction Mx* best matches the flight data y.

The regularization parameters control the penalty term of optimization:

e «aincreases the penalty

e pis a knob to specify the proportion between the 11 and I2 norms in the penalty
The solution, x*, is found at a given spatial resolution, A®.

A variant of this inversion method was first demonstrated in [2].

Coefficients of the linear combination of elementary spectra, listed in M,
that best fits the flight data.
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Figure 2 : (Left) Spectrally pure image of O7 at 21.602A in photon/pixel; (Right Top) The full detector
broken down into contributing spectral lines. (Right Middle) Comparison of flight and inverted spectra.
(Right Bottom) Ratio of inverted data to flight data
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