
    
      Fig. 3. 
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        SHAP matrix (Czerwinska 2020).

      

    

  
    
      Fig. 5. 
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        While MCMC methods attempt to generate samples directly from the posterior, NS instead breaks up the posterior into many nested ‘slices’, generates samples from each of them, and then recombines the samples to reconstruct the original distribution using the appropriate weights (Speagle 2020).

      

    

  
    
      Fig. 7. 
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        Hubble constant values.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        wa (wz) values.

      

    

  
    
      Fig. 11. 
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        b values.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        α values.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        bs values.

      

    

  
    
      Fig. 14. 
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        BIC values.

      

    

  
    
      Fig. 15. 
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        AIC values.

      

    

  
    
      Table A.1. 

      Pantheon+SH0ES features.

      
        





	Feature
	Description





	CID
	Candidate ID



	IDSURVEY
	Survey ID



	zHD
	Hubble diagram redshift (with CMB and VPEC corrections)



	zHDERR
	Hubble diagram redshift uncertainty



	zCMB
	CMB-corrected redshift



	zCMBERR
	CMB-corrected redshift uncertainty



	zHEL
	Heliocentric redshift



	zHELERR
	Heliocentric redshift uncertainty



	mb_corr
	Tripp1998 corrected mb magnitude



	mb_corr_err_DIAG
	mb magnitude uncertainty from the diagonal covariance matrix



	MU_SH0ES
	Tripp1998 corrected distance modulus



	MU_SH0ES_ERR_DIAG
	Uncertainty on MU_SH0ES from the diagonal covariance matrix



	CEPH_DIST
	Cepheid calculated absolute distance to host (incorporated in the covariance matrix)



	IS_CALIBRATOR
	Binary indicator for SN in a host that has an associated Cepheid distance



	USED_IN_SH0ES_HF
	1 if used in SH0ES 2021 Hubble flow dataset, 0 if not included



	c
	SALT2 colour



	cERR
	SALT2 colour uncertainty



	x1
	SALT2 stretch



	x1ERR
	SALT2 stretch uncertainty



	mB
	SALT2 uncorrected brightness



	mBERR
	SALT2 uncorrected brightness uncertainty



	x0
	SALT2 light curve amplitude



	x0ERR
	SALT2 light curve amplitude uncertainty



	COV_x1_c
	SALT2 fit covariance between x1 and c



	COV_x1_x0
	SALT2 fit covariance between x1 and x0



	COV_c_x0
	SALT2 fit covariance between c and x0



	RA
	Right ascension



	DEC
	Declination



	HOST_RA
	Host galaxy RA



	HOST_DEC
	Host galaxy DEC



	HOST_ANGSEP
	Angular separation between SN and host (arcsec)



	VPEC
	Peculiar velocity (km/s)



	VPECERR
	Peculiar velocity uncertainty (km/s)



	MWEBV
	Milky Way E(B-V)



	HOST_LOGMASS
	Host galaxy log stellar mass



	HOST_LOGMASS_ERR
	Host galaxy log stellar mass uncertainty



	PKMJD
	Fit peak date



	PKMJDERR
	Fit peak date uncertainty



	NDOF
	Number of degrees of freedom in SALT2 fit



	FITCHI2
	SALT2 fit chi squared



	FITPROB
	SNANA fit probability



	mb_corr_err_RAW
	Statistical only error on fitted mB



	mb_corr_err_VPEC
	VPECERR propagated into magnitude error



	biasCor_mb
	Bias correction applied to brightness mB



	biasCorErr_mb
	Uncertainty on bias correction applied to brightness mB



	biasCor_mb_COVSCALE
	Reduction in uncertainty due to selection effects (multiplicative)



	biasCor_mb_COVADD
	Uncertainty floor from intrinsic scatter model (quadrature)





      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Beeswarm plot of the 20 most important features.

      

    

  
    
      Fig. D.4. 

      
        [image: thumbnail]
      

      
        CPL model with Boruta features:MCMC (a), SNS (b), and DNS.

      

    

  
    
      Table D.2. 

      CPL model parameter values for the original dataset.

      
        


	Parameter
	MCMC
	SNS
	DNS



	
	Mean
	Std
	Mean
	Std
	Mean
	Std





	H0
	71.774
	0.289
	71.874
	4.538
	71.807
	3.329



	Ωm
	0.264
	0.071
	0.390
	0.183
	0.338
	0.150



	w0
	-0.643
	0.099
	-0.985
	0.405
	-0.825
	0.346



	wa
	-0.781
	0.489
	-0.405
	0.687
	-0.656
	0.649



	BIC
	2008.777
	2007.535
	2007.470



	AIC
	1987.021
	1985.779
	1985.714



	




	Final Results



	




	
	Mean
	Std



	




	H0
	71.818
	1.879



	Ωm
	0.331
	0.082



	w0
	-0.817
	0.181



	wa
	-0.614
	0.355





      

    

  
    
      Table D.3. 

      ΛCDM parameter values with Boruta features.

      
        


	Parameter
	MCMC
	SNS
	DNS



	
	Mean
	Std
	Mean
	Std
	Mean
	Std





	H0
	70.957
	0.392
	71.130
	5.301
	71.039
	4.116



	Ωm
	0.284
	0.107
	0.456
	0.192
	0.359
	0.191



	w
	-0.694
	0.174
	-1.088
	0.417
	-0.890
	0.406



	BIC
	352.940
	351.903
	351.897



	AIC
	341.444
	340.408
	340.401



	




	Final Results



	




	
	Mean
	Std



	




	H0
	71.042
	3.270



	Ωm
	0.366
	0.163



	w
	-0.890
	0.332





      

    

  
    
      Table D.4. 

      CPL parameter values with Boruta features.

      
        


	Parameter
	MCMC
	SNS
	DNS



	
	Mean
	Std
	Mean
	Std
	Mean
	Std





	H0
	70.848
	0.424
	71.105
	5.210
	70.966
	3.910



	Ωm
	0.331
	0.101
	0.459
	0.185
	0.414
	0.154



	w0
	-0.672
	0.185
	-1.067
	0.415
	-0.886
	0.389



	wa
	-0.693
	0.585
	-0.303
	0.711
	-0.635
	0.720



	BIC
	357.482
	355.805
	355.618



	AIC
	342.154
	340.478
	340.291



	




	Final Results



	




	
	Mean
	Std



	




	H0
	70.973
	3.181



	Ωm
	0.401
	0.147



	w0
	-0.875
	0.329



	wa
	-0.544
	0.672
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