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Galaxy cluster: Perseus 0.5-3 keV
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A 3D analysis for classical fitting of each 
Perseus component
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Counts cube (X,Y,E) Exposure cube Bkg cubeParametric source model
Free params: 
X, Y, Sigma, Norm, Γ

* +

• Minimization of  -LogLikelihood(Npred, Nobs) 
• Replacing spatial parametric model with GMCA spatial templates  
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3d gammapy Perseus fit

10

6

Component Parameter All regions Region 1 Region 2 Region 3

Main kT (keV) 3.18 3.30 3.07 3.22

Abundance 0.77 0.84 0.67 0.75

norm 1.68 1.61 1.68 1.64

Filaments kT (keV) 0.76 0.80 0.78 0.70

Abundance 0.77 (tied) 0.84 (tied) 0.67 (tied) 0.75 (tied)

norm 0.001 0.002 0.0004 0.001

Sloshing spiral kT (keV) 1.37 1.41 1.37 1.29

Abundance 2.1 2.98 1.65 0.71

norm 0.006 0.007 0.008 0.019

Table 1. Best fits obtained with our template fitting method to describe the three components found by pGMCA. Each
component is described with an absorbed apec model multiplied by one of the three maps extracted by the algorithm as a spatial
template. The nH value is fixed at 1.4⇥ 1021 cm�2, and the redshift z at 0.018. The filaments abundances are tied with that of
the main component. The fit was performed in three separate annular regions, shown in Fig. 3, left, and Fig. 4, and in all the
regions combined. The errors derived using the Ultranest method are of the order of 0.02 keV for the temperatures, and 0.1 for
the norms. The abundances being fitted separately, the errors we could retrieve were not meaningful.

Similar to the X-ray filaments, direct imaging of the
inner cold front and spiral structure is made di�cult
by the hot ICM emission from the surrounding medium.
In the left-hand panel of Fig. 2, we present the first
detailed, unpolluted map of the inner cold front and
spiral structure in Perseus, obtained with the pGMCA
algorithm. It strongly resembles the temperature maps
from J. S. Sanders et al. (2005) (Fig. 19) and A. C.
Fabian et al. (2006) (Fig. 4). The component extracted
by the pGMCA algorithm is associated with a low energy,
high-metallicity spectrum, which is confirmed by our
template fits, giving temperatures around 1.3 - 1.4 keV
and higher abundances than in either the filaments or the
surrounding medium in all three regions. This component
corresponds to the spiral feature detected between 2 and
4 keV in previous temperature maps (e.g. J. S. Sanders
et al. 2005; A. C. Fabian et al. 2006; J. S. Sanders & A. C.
Fabian 2007; S. A. Walker et al. 2018). The template
fitting method is sensitive to initial conditions, so we
also applied a more traditional approach. We extracted
a spectrum from a region devoid of filaments and where
the sloshing spiral is relatively bright, and fitted it with
Xspec. The results are presented in Appendix A. The
temperatures and abundances obtained this way are
consistent with our findings with the template fitting
method.
The combination of higher abundances, lower temper-

atures, and distinct morphology found in the sloshing
spiral may explain its robust retrieval in the blind source
separation algorithm. The observed higher abundances
in the sloshing spiral may be due to movement of the

BCG in the center of the potential as a result of the re-
cent merger. In turn, the spiral produces an o↵set in the
peak of the abundance relative to the center of the X-ray
emission. This o↵set, as well as AGN feedback, may
contribute to the observed phenomenon of the central
abundance dip seen in Perseus and other systems (J. S.
Sanders & A. C. Fabian 2007; F. Mernier et al. 2017).

4. CONCLUSIONS

In this paper we report direct imaging and spectro-
scopic observations of the X-ray counterparts to the H↵
filaments and of the sloshing spiral and associated cold
fronts in Perseus, obtained using a blind source sepa-
ration method applied to Chandra observations. The
X-ray counterparts to the H↵ filaments are co-spatial
with the filaments, and their projected widths are in
remarkably good agreement. We introduced a template
fitting method for X-rays using the extracted maps as
spatial templates, which allowed us to retrieve tempera-
tures and abundances for the filaments and the sloshing
spiral in three annular regions. The filament tempera-
tures obtained using this method are in good agreement
with previous analyses. The sloshing spiral exhibits
low temperatures and higher abundances than either
the filaments or the surrounding medium. This com-
ponent may correspond to highly enriched gas that is
entrained by the movement of the BCG due to the ongo-
ing merger event. These results illustrate the potential
of blind-source separation methods when applied to deep
high-angular resolution X-ray data. In the future, the
Advanced X-ray Imaging Satellite (AXIS, C. S. Reynolds
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Figure 4. Image of the sloshing spiral from Fig. 2 superimposed with spectral analysis regions. The white annular regions are
the ones used in our template fit (see results in Table 1), the green region is the one used in the traditional Xspec analysis (see
Table 2).

et al. 2023), endowed with a substantially larger e↵ective
area, will yield a photon statistics higher by a factor
of ⇠20. Its more stable PSF across the field of view,
combined with the power of the pGMCA and template
fitting methods presented here, could reveal larger-scale
structures further away from the cluster’s core emission.
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APPENDIX

A. TEMPLATE FITTING LIMITATIONS AND XSPEC ANALYSIS OF THE COLD FRONT

The template fitting method we developed for X-ray astronomy allows for the study of faint components by using as
much information as possible from the three-dimensional (x, y, E) data given by spectro-imagers. However, using a
single spectral model to fit all the pixels from a specific physical component is a strong assumption, and the results of
the fit are sensitive to initial conditions. In Fig. 5, we can nonetheless see that the best fit we obtain with this method
yields morphologically distinct spectra associated with each template.
To challenge these results, we also applied a more traditional approach, by extracting a spectrum from the green

region shown in Fig. 4 and fitting it with a multi-component spectral model in Xspec. This region was selected for the
relative brightness of the sloshing spiral and because it is devoid of filaments, in order to avoid pollution. We first
fitted the extracted spectrum between 0.5 and 4.5 keV with a single absorbed apec model, then with two absorbed
apec models with tied or free abundances. The results of our fits are presented in Table 4, and show that the extracted
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What you need in input :


- Observed Resolve Cube (6x6x1000's)


- 1 ARF (full enclosure), 1 RMF (assuming same over all pixels)


- 1 PSF (assuming does not vary spatially, can vary spectrally)


- Spectral model (apec, pow, etc)  +  spatial model (Chandra /XMM)


Output : 


- The model cube (Npred) and the best fitted spectral parameters



Conclusions

• Our X-ray data are 3D and new analysis methods should be explored to 
maximize the scientific return of the instrument 

• 3D (X,Y,E) are standard in gamma-ray analysis and allow to use the 
spatial information to disentangle the contribution from source 
confusion  

• Can be  used to : 
– 1) provide better constraints for faint spectral component (using the 

spatial information) 

– 2) separate the spectral signature from confused source (eg Resolve) 

• For XRISM application can be slow due to large RMF but worth exploring

15




