
    
      Fig. 3. 
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        Histogram of the disfavoured values of the IGM parameters for the scenario with Ar = 0. These correspond to the same set of models considered in Fig. 2.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Marginalised probability distribution of the disfavoured values of the source parameters for the Ar = 0 scenario. The corresponding models are disfavoured by the LOFAR upper limits from Mertens et al. (2025) at z = 9.1. The black, red, and green curves refer to the Single-z case at z = 8.3, 9.1 and 10.1, respectively, while the blue curves are for the Joint-z analysis case.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Posterior distribution of the source parameters disfavoured values for the Varying Ar scenario. The corresponding models are disfavoured by the LOFAR upper limits from Mertens et al. (2025) at z = 9.1. Red refers to the case when each redshift is considered separately (Single-z) at z = 9.1, while blue represents the joint MCMC analysis results (Joint-z). The contour levels in the two-dimensional contour plots refer to the 1σ and 2σ credible intervals of the disfavoured models. The diagonal panels represent the corresponding marginalised probability distributions of each parameter.

      

    

  
    
      Table 6. 

      Constraints on the IGM parameters derived using the LOFAR upper limits from Mertens et al. (2025) for the Varying Ar scenario.

      
        


	IGM Parameters (MCMC Model)
	Credible intervals
	z = 8.3
	z = 9.1
	z = 10.1





	
[image: equation] (Single-z)
	68%
	[0, 0.03]
	[0, 0.02]
	[0, 0.01]



	
	95%
	[0, 0.47]
	[0, 0.46]
	[0, 0.36]



	




	
[image: equation](Joint-z)
	68%
	[0, 0.06]
	[0, 0.02]
	[0, 0.004]



	95%
	[0, 0.8]
	[0, 0.43]
	[0, 0.16]



	




	fheat (Single-z)
	68%
	[0, 0.07]
	[0, 0.05]
	[0, 0.03]



	95%
	[0, 0.49]
	[0, 0.46]
	[0, 0.34]



	




	fheat (Joint-z)
	68%
	[0, 0.27]
	[0, 0.07]
	[0, 0.01]



	95%
	[0, 0.88]
	[0, 0.53]
	[0, 0.2]



	




	
[image: equation] (K)(Single-z)
	68%
	[1.8, 5.0]
	[2.2, 4.4]
	[2.6, 4.8]



	95%
	[1.8, 67]
	[2.2, 44]
	[2.6, 41]



	




	
[image: equation] (K)(Joint-z)
	68%
	[1.8, 16]
	[2.2, 5.2]
	[2.6, 4.5]



	95%
	[1.8, 977]
	[2.2, 101]
	[2.6, 186]



	




	|[image: equation]| (mK)(Single-z)
	68%
	[174, 11481]
	[158,13182]
	[396, 11220]



	95%
	[93, 22908]
	[91, 25703]
	[144, 29174]



	




	|[image: equation]| (mK) (Joint-z)
	68%
	[25, 3715]
	[135,13301]
	[177, 16218]



	95%
	[5, 19952]
	[35, 28840]
	[158, 28840]



	




	
[image: equation] (h−1 Mpc) (Single-z)
	68%
	[0, 3.0]
	[0, 3.0]
	[0,3.0]



	95%
	[0, 14.4]
	[0, 14]
	[0, 11.2]



	




	
[image: equation] (h−1 Mpc) (Joint-z)
	68%
	[0, 6]
	[0, 3.0]
	[0, 3.0]



	95%
	[0, 105]
	[0, 16.2]
	[0, 8.5]



	




	
[image: equation] (h−1 Mpc) (Single-z)
	68%
	[2, 7]
	[0, 5]
	[0,4]



	95%
	[0, 27]
	[0, 25]
	[0, 18]



	




	
[image: equation] (h−1 Mpc) (Joint-z)
	68%
	[0, 10]
	[0, 6]
	[0,4]



	95%
	[0, 152]
	[0,30]
	[0, 13.5]





      

      
Notes. The first column lists the IGM parameters derived from both the Single-z and Joint-z analysis, the second refers to the credible intervals of the disfavoured models, while the last three contain the constraints obtained from the analysis at three redshifts.



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Marginalised probability distribution of the disfavoured models’ source parameters at z ∼ 8, 9, and 10 for allUL case. The results are for the Ar = 0 scenario. The black, red, and green curves refer to the Single-z case at z = 8.3, 9.1 and 10.1, respectively, while the blue curves are for the Joint-z analysis case. The solid curves represent results derived from the LOFAR upper limits only, while the dotted curves refer to cases where we have used all available upper limits.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Marginalised probability distribution of the IGM parameters of the disfavoured models at z ∼ 9 for allUL and Ar = 0 scenario. The red and blue curves refer to the Single-z and Joint-z cases, respectively. The solid curves represent results derived from the LOFAR upper limits only, while the dotted refer to cases where we have used all available upper limits.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Same as Fig. 11 but for the Varying Ar scenario.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Marginalised probability distribution of the IGM parameters of the disfavoured models for a constant exclusion likelihood. The red and blue curves refer to the Single-z and Joint-z cases at z = 9.1, respectively. The solid curves represent results from the main text, while the dashed refers to cases where we have used ℒex, single − z(θ, z = 9.1) = 0.5 and ℒex, joint − z(θ, z = 9.1) = 0.5.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Same as Fig. B.2 but for z ∼ 8.

      

    

  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
        Marginalised probability distribution of the disfavoured models’ IGM parameters at z ∼ 10 for the allUL and Ar = 0 scenario. The red and blue curves refer to the Single-z and Joint-z cases, respectively. The solid curves represent results when we consider LOFAR upper limits only, while the dotted curves refer to cases where we have used all available upper limit results from different radio interferometric observations.

      

    

  
    
      Fig. B.3. 

      
        [image: thumbnail]
      

      
        Same as Fig. B.1 but for the Varying Ar scenario.

      

    

  
    
      Fig. C.3. 

      
        [image: thumbnail]
      

      
        Posterior distribution of the IGM parameters at z = 9.1 for the Varying Ar scenario. These posterior distributions correspond to the models that are favoured by the LOFAR upper limits from Acharya et al. (2024c). Magenta indicates the case in which upper limits in three k−bins are considered, while teal represents the case when only one k−bin is used. The contour levels in the two-dimensional contour plots refer to the 1σ and 2σ credible intervals of the models favoured by the LOFAR upper limits at this redshift. The diagonal panels represent the corresponding marginalised probability distributions of each parameter.
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