
    
      Fig. 3. 
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        Posterior distributions estimated from our MCMC for a mock observation generated from a smooth model. The vertical green lines in each plot indicate the input parameters used to generate the mock observation maps, while the vertical red lines represent the median value from the accepted MCMC samples. The values displayed above each histogram show the median of the distribution, along with the 1σ (68.3%) credible region, which is indicated by dashed vertical lines in every plot. Additionally, the solid black line in the two-dimensional distributions encloses the 68% credible region for the parameter pairs. As highlighted by Vikhlinin et al. (2006) and Nagai et al. (2007), there is a correlation between the model parameters related to the ICM radial profiles, and individual parameter values exhibit a degeneracy. However, our objective is to ascertain smooth analytic functions that accurately represent the electron density and pressure profiles, thereby providing a comprehensive description of the ICM thermodynamics.

      

    

  
    
      Fig. 5. 
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        SZ and X-ray maps of the CHEX-MATE galaxy cluster PSZ2 G313.33+61.13 (Abell 1689). The ACT Compton-y map (top left) and its error map (bottom left), the X-ray SB map (top middle) and its error map (bottom middle), and the X-ray temperature map (top right) and its error map (bottom right) are shown. The ACT SZ map is one of the component-separated map products that were produced using the internal linear combination method and combined with data from Planck (i.e., this is a joint map from ACT + Planck data; Madhavacheril et al. 2020). The X-ray maps are the data products from Bartalucci et al. (2023) and Lovisari et al. (2024). Bright point sources in the X-ray SB maps are indicated by white circles and were masked in the analysis, and the same point-source regions were also removed from the spectral analysis to obtain the temperatures. The regions are excluded from the model fit. The X-ray SB maps were binned using a Voronoi algorithm to ensure an adequate number of photon counts per bin, with smaller bin sizes used in the central region where the count rates are higher. For the temperature maps, Voronoi binning was similarly applied using a fixed signal-to-noise ratio of 30 instead of a fixed number of counts, ensuring a roughly uniform statistical uncertainty per bin. In the X-ray and SZ maps, red circles indicate the two-dimensional map regions included in our analysis. We incorporated a circular region with a radius of r = R500 around the galaxy cluster center for the SZ and X-ray data by applying a circular mask to the maps, and the radius is shown as red circles. For this particular cluster, R500 is equal to 7.42′ (∼1.37 Mpc). In the X-ray SB and its corresponding error maps, dashed red circles represent the region that encompasses 80% of the emission in the SB map, which is where the two-dimensional (inner region) and one-dimensional (outer region) analyses are separated, and it is located at r = 2.58′. We will explore and implement a comparable approach that integrates both two- and one-dimensional analysis techniques for temperature data, as described by Lovisari et al. (2024), in a forthcoming analysis.

      

    

  
    
      Table 4. 

      Parameters describing the triaxial geometry of PSZ2 G313.33+61.13 (Abell 1689).

      
        


	qICM, 1
	qICM, 2
	cos θ
	e∥
	Reference





	0.70 ± 0.15
	0.81 ± 0.16
	0.70 ± 0.29
	1.68 ± 0.53
	Sereno et al. (2012)



	0.60 ± 0.14
	0.70 ± 0.16
	0.93 ± 0.06
	1.16 ± 0.10
	Umetsu et al. (2015)



	0.65 ± 0.02
	0.79 ± 0.02
	≥0.96 (a)
	1.24 ± 0.03
	This work





      

      
Notes.

(a) At 90% confidence.




    

  
    
      Fig. 7. 
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        Reconstructed SZ and X-ray models of PSZ2 G313.33+61.13 generated using the recovered parameters from Fig. 6 (top). The difference between the observational data and the reconstructed model map above, in units of pixel-based error (middle). The histogram of the distribution of the relative error in the middle panels (bottom). The X-ray SB histogram takes into account both the residuals in the inner two-dimensional region, which includes 80% of the emissions observed in the data, and the outer map region where we implemented one-dimensional analysis using azimuthal medians (see Fig. 5). In all cases, the residuals are distributed within ±4σ level compared to the error. When the relative errors of the SZ, X-ray SB, and X-ray temperature are modeled with a Gaussian fit, their standard deviations align with 1.5σ, 0.6σ, and 1.1σ respectively. Comparatively, 63.8%, 64.4%, and 100% of the data from SZ, X-ray SB, and X-ray temperature maps respectively exhibit pixel-based signal-to-noise ratios exceeding 1.5.
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