
    
      Fig. 1 
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        Spectrum of Cas A obtained from the combination of the deep Chandra 2004 observations. The source separation algorithm was applied in each individual energy band band, which are represented by the shaded regions.

      

    

  
    
      Fig. 2 
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        Total images of the different line emission spatial structure as retrieved by the pGMCA. The blue symbol represents the image centroid adopted in the PRM analysis. The color-scale is in square root.

      

    

  
    
      Fig. 3 
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        Red- and blue-shifted parts of the Si, S, Ar, Ca, and Fe line emission spatial distribution and their associated spectrum as found by pGMCA. The spectra in red correspond to the application of the algorithm on real data, while the dotted gray spectra correspond to the application on a hundred constrained bootstrap resamplings illustrating statistical uncertainties. The x-axis is in keV and the y-axis in counts. The dotted vertical lines represent the energy of the brightest emission lines for a non-equilibrium ionization plasma at a temperature of 1.5 keV and ionization timescale of log (τ) = 11.3 cm−3 s produced using the AtomDB (Foster et al. 2012). These parameters are the mean value of the distribution shown in Fig. 2 of Hwang & Laming (2012).

      

    

  
    
      Fig. 4 
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        Images of the O, Mg, and Fe L line emission spatial structures and their associated spectra as found by pGMCA. The spectra in red correspond to the application of the algorithm on real data, while the dotted gray spectra correspond to the application on a hundred constrained bootstrap resamplings. The x-axis is in keV and the y-axis in counts.

      

    

  
    
      Fig. 5 
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        Quadrupole power-ratios P2∕P0 versus the octupole power-ratios P3∕P0 of the total images of the different line emissions shown in Fig. 2. The dots represent the values measured for the pGMCA images obtained from the real data, and the crosses the
10th and 90th percentiles obtained with pGMCA on a hundred constrained bootstrap resamplings, with the center of the cross being the median.

      

    

  
    
      Fig. 6 
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        Quadrupole power-ratios P2∕P0 versus the octupole power-ratios P3∕P0 of the red- and blue-shifted images of the different line emissions shown in Fig. 3, normalized with the quadrupole and octupole power-ratios of the total images. The dots and error bars are obtained in the same way as in Fig. 5.

      

    

  
    
      Table 1 

      Spectral fitting on individual lines and resulting velocities.

      
        


	Line
	Erest
	Ered
	Eblue
	ΔV
	Vred
	Vblue



		keV
	keV
	keV
	km s−1
	km s−1
	km s−1





	Si XIII
	1.8650
	1.860
	1.896
	5787
	804
	4983



	Si XIII*
	1.8730
	1.860
	1.896
	5762
	2081
	3681



	S XV
	2.4606
	2.439
	2.489
	6092
	2632
	3460



	Ar XVII
	3.1396
	3.110
	3.180
	6684
	2826
	3858



	Ca XIX
	3.9024
	3.880
	3.967
	6684
	1721
	4963



	Fe complex
	6.6605
	6.599
	6.726
	5716
	2768
	2948




      

      

Notes. Si and Fe line rest energy are taken from DeLaney et al. (2010). The Si XIII* uses a different rest energy, the one needed to match the ACIS and HETG Si velocities discussed in DeLaney et al. (2010), to illustrate possible ACIS calibration issues.




    

  
    
      Table 2 

      Fractions of the counts in the total image that belong to the red-shifted or the blue-shifted parts, for each line.

      
        


		Red-shifted part
	Blue-shifted part





	Si
	0.60
	0.40



	S
	0.61
	0.39



	Ar
	0.63
	0.37



	Ca
	0.80
	0.20



	Fe-K
	0.70
	0.30




      

    

  
    
      Fig. 7 
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        Centroids of the blue- and red-shifted parts of each line emission and their distance from the center of explosion of Cas A. For reference, we added the direction of motion of the 44Ti in black, as shown in Fig. 13 of Grefenstette et al. (2017). Only the direction is relevant as the norm of this specific vector is arbitrary.

      

    

  
    
      Fig. 8 
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        Counts image of the Fe-K red-shifted component overlaid with the extraction regions used for the 44Ti NuSTAR study of Grefenstette et al. (2017). The regions 19 and 20, which dominate our image in terms of flux, have respective velocities moving away from the observer of 2300 ± 1400 and 3200 ± 500 km sec−1.

      

    

  
    
      Fig. A.1 
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        Comparison of our red and blue spectra (dotted curves) presented in Fig. 3 versus pshock Xspec models with different ionization timescales for kT = 1.5 keV. The y-axis is in counts.

      

    

  
    
      Fig. B.1 
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        Example of bootstrap resampling. Each square represents a different event, each color a different value. N events are taken randomly with replacement from the original data to create each of the two bootstrap resamplings.

      

    

  
    
      Fig. B.2 
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        Data sets and their associated histogram in two cases: on top, the very simple case of a Poisson realization of the image of a square with uniform value 10; on the bottom, a toy model Cas A image obtained by taking a Poisson realization of a high-statistics denoised image of Cas A (hereafter called toy model). On the right, the black histogram correspond to the original data
[image: equation]. The red histograms are those of the data sets [image: equation]
obtained through resampling of the original data and the blue ones are the histograms of a Poisson realization of the original data[image: equation]. It appears that the resampled data sets have histograms highly similar to that of the original data with additional Poisson noise.

      

    

  
    
      Fig. B.3 
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        Spectrum of the synchrotron component retrieved by pGMCA on the 5.5–7.5 keV energy band on real data and on a set of 30 block bootstrap resamples. There is an obvious bias in the results, the resampled data spectra being consistently underestimated.

      

    

  
    
      Fig. B.4 
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        Scheme resuming the two steps of our new constrained bootstrap method.

      

    

  
    
      Fig. B.5 

      
        [image: thumbnail]
      

      
        Histograms and standard deviations of the original and resampled data sets. On the left, histograms of the original data, the resampled data sets and the MC realizations of the toy model Cas A image. On the right, the standard deviations of the resampled data sets and MC realizations bin by bin of the histogram on the left. We can notice the great adequation between the standard deviations of the resampled data sets and that of the MC realizations.

      

    

  
    
      Fig. B.6 
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        Spectrum of the synchrotron component retrieved by pGMCA on the 5.5–7.5 keV energyband on real data and on a set of 100 constrained bootstrap resamples. The bias we observed in Fig. B.3 between the real Cas A data and its block bootstrap resamples has been suppressed with our new constrained bootstrap method.
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