
    
      Fig. 7. 
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        Sensitivity functions, g(z), for the coverage of O Iλ1302, C IIλ1334, Si IIλ1526, C IVλ1548, Si IVλ1393, and Mg IIλ2796. The coloured lines illustrate how many of the quasar spectra contribute to the search of metal absorption lines as a function of redshift.

      

    

  
    
      Fig. 10. 
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        Strong Mg IIλ2796 absorption line densities for systems with Wr > 1 Å. The JWST data are compared with the strong Mg II line densities in a large quasar sample (Chen et al. 2017) and with the XQ-100 survey (Christensen et al. 2017), and are consistent with a decrease in the line densities to the highest redshifts.

      

    

  
    
      Fig. 11. 
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        Line densities of high-ionisation lines. The left hand panels shows the C IV absorption line densities with Wr > 0.05 Å. The C IV line densities at the highest redshifts from the E-XQR-30 survey (D’Odorico et al. 2022) are illustrated for comparison. The same E-XQR-30 data set was analysed in Davies et al. (2023a) and has been corrected for incompleteness. The right hand panel shows Si IV absorption line densities. The Si IV line densities for systems with Wr > 0.03 Å from D’Odorico et al. (2022) are illustrated for comparison.

      

    

  
    
      Table 10. 

      Metal abundance ratios of absorption systems.

      
        


	Quasar
	zabs
	[Si/O]
	[C/O]





	ULAS J1342+0928
	7.3680 ( † )
	0.98 ± 0.10
	< –0.17 ± 0.11



	ULAS J1342+0928
	7.4430
	0.43 ± 0.24
	0.19 ± 0.15



	VDES J0020–3653
	6.4535
	0.15 ± 0.16
	 –0.13 ± 0.08



	VDES J0020–3653
	6.5625 ( † )
	0.64 ± 0.11
	< –0.26



	VDES J0020–3653
	6.6690
	0.49 ± 0.11
	 –0.02 ± 0.07



	UHS J0439+1634
	6.2880 ( † )
	0.73 ± 0.06
	< –0.07 ± 0.06





      

      
Notes. ( † )Upper limits for [C/O] are computed because the column densities of carbon lines are overestimated due to line contamination from other systems, or an upper detection limit on C II in the case of the z = 6.5625 system.



    

  
    
      Fig. 13. 
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        Abundance ratios of [Si/O] versus [C/O]. The background coloured map with contours illustrates the metal yields from different stellar explosions coloured as follows: red region: Pop III Pair-instability Supernovae (PISN); green: Pop III Hypernovae; blue: Pop III Core-collapse Supernovae; grey and purple: Pop II Supernovae. Yields from the different stellar populations are scaled assuming a Salpeter IMF. The magenta circles illustrate that the NIRSpec absorption systems listed in Table 10 have values of [Si/O] similar to Pop III models, although some overlap with the yields of a single 15 M⊙ Pop II star. Other intervening absorption-line systems at 4.5 < zabs < 6 (Becker et al. 2019; Cooper et al. 2019; orange circles) fall in the same region of the abundance pattern space, whereas the grey circles representing very metal-poor damped Lyα absorbers at zabs ∼ 3 (Cooke et al. 2011, 2017; Welsh et al. 2019) are also consistent with enrichment of Pop II core collapse SNe (Kobayashi et al. 2006; Nomoto et al. 2013; Limongi & Chieffi 2018, annotated as K06, N13, and L18).

      

    

  
    
      Fig. 14. 
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        Relative transmission in the GP trough after normalising the spectra to a model of the quasar continuum in the Lyα forest. The individual absorber redshifts are marked where their expected Lyα wavelength falls. Red dashed lines are absorbers that are only low-ionisation systems, and blue dashed lines mark absorbers with high-ionisation lines from C IV. Two of the absorbers lie close to the quasar redshift, and their Lyα wavelengths fall in the proximity region of the quasar spectrum. A single low-ionisation absorber at z = 5.928 is associated with a transmission spike in the intervening IGM illustrated by the green triangles, while four of the high-ionisation absorbers lie within ±2000 km s−1 from the IGM transmission spikes at z ∼ 5.8.

      

    

  
    
      Fig. A.2. 
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        Normalised spectrum of DELS J0411–0907. Absorption line systems are identified via multiple absorption lines at the same redshifts. Here, 13 different absorption systems are detected at z = 2.52, 2.5771, 2.969, 3.156, 3.3943, 3.4290, 3.7760, 4.2498, 4.2815, 5.1935, 5.4258, 5.935, and 6.1774.

      

    

  
    
      Fig. B.9. 
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        Absorption system at z = 5.4695 towards J0020–3653.

      

    

  
    
      Fig. B.12. 
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        Absorption system at z = 6.4535 towards J0020–3653.

      

    

  
    
      Fig. B.15. 
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        Absorption system at z = 6.669 towards J0020–3653

      

    

  
    
      Fig. B.18. 
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        Absorption system at z = 2.5771 towards J0411–0907.

      

    

  
    
      Fig. B.20. 
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        Absorption system at z = 3.1560 towards J0411–0907.

      

    

  
    
      Fig. B.31. 
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        Absorption system at z = 3.170 towards J0439+1634.

      

    

  
    
      Fig. B.34. 
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        Absorption system at z = 4.523 towards J0439+1634.

      

    

  
    
      Fig. B.36. 
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        Absorption system at z = 5.274 towards J0439+1634.

      

    

  
    
      Fig. B.38. 
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        Absorption system at z = 5.5228 towards J0439+1634.

      

    

  
    
      Fig. B.41. 
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        Absorption system at z = 5.928 towards J0439+1634.

      

    

  
    
      Fig. B.46. 
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        Absorption system at z = 6.4877 towards J0439+1634.

      

    

  
    
      Fig. B.52. 
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        Absorption system at z = 3.6735 towards J1342+0928.

      

    

  
    
      Fig. B.58. 
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        Absorption system at z = 6.8427 towards J1342+0928.

      

    

  
    
      Fig. B.59. 
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        Absorption system at z = 7.368 towards J1342+0928.

      

    

  
    
      Table B.30. 

      J0439+1634, z = 2.4161

      
        


	λobs
	ID
	Wobs





	9552.62
	Mg II 2796.35
	3.401±0.061



	9577.14
	Mg II 2803.53
	0.843±0.058





      

    

  
    
      Table B.31. 

      J0439+1634, z = 3.170

      
        


	λobs
	ID
	Wobs





	9381.99
	Fe II 2249.88
	1.041±0.044



	9427.45
	Fe II 2260.78
	1.163±0.044



	9775.37
	Fe II 2344.21
	3.118±0.042



	9901.50
	Fe II 2374.46
	5.010±0.035‡



	9936.13
	Fe II 2382.76
	3.662±0.045



	10786.33
	Fe II 2586.65
	2.915±0.042



	10842.72
	Fe II 2600.17
	4.057±0.054



	10819.06
	Mn II 2594.50
	0.764±0.060



	10745.58
	Mn II 2576.88
	0.489±0.041



	11660.79
	Mg II 2796.35
	5.468±0.029



	11690.72
	Mg II 2803.53
	5.410±0.031



	11896.86
	Mg I 2852.96
	1.438±0.042



	12818.07
	Ti II 3073.88
	0.175±0.052



	13469.65
	Ti II 3230.13
	0.020±0.040



	13523.01
	Ti II 3242.93
	0.334±0.038



	14114.37
	Ti II 3384.74
	1.089±0.036



	16407.99
	Ca II 3934.77
	0.721±0.124





      

      
‡ Line blended with C IVλ1548 at z = 5.3945



    

  
    
      Table B.32. 

      J0439+1634, z = 3.4081

      
        


	λobs
	ID
	Wobs





	10333.53
	Fe II 2344.21
	0.593±0.043



	10503.47
	Fe II 2382.76
	0.434±0.035



	11402.21
	Fe II 2586.65
	0.217±0.036



	11461.82
	Fe II 2600.17
	0.526±0.034



	12326.60
	Mg II 2796.35
	0.743±0.042



	12358.25
	Mg II 2803.53
	0.743±0.037





      

    

  
    
      Table B.34. 

      J0439+1634, z = 4.523

      
        


	λobs
	ID
	Wobs





	9227.76
	Al II 1670.79
	1.304±0.049



	10243.60
	Al III 1854.72
	0.946±0.046



	10288.19
	Al III 1862.79
	0.561±0.044†



	11190.35
	Zn II 2026.14
	0.745±0.053



	11392.07
	Zn II 2062.66
	0.414±0.040‡



	15444.25
	Mg II 2796.35
	6.397±0.042



	15483.90
	Mg II 2803.53
	4.731±0.047





      

      
† Line blended with Fe IIλ1608 at z = 5.3945

‡ Line blended with Al IIλ1670 at z = 5.8190



    

  
    
      Table B.45. 

      J0439+1634, z = 6.288

      
        


	λobs
	ID
	Wobs





	9188.37
	Si II 1260.75
	0.444±0.040



	9490.20
	O I 1302.17
	0.864±0.047



	9506.25
	Si II 1304.37
	0.628±0.049



	9726.07
	C II 1334.53
	1.114±0.052†



	20379.81
	Mg II 2796.35
	1.161±0.059





      

      
† Blended with C IV 1550 at z = 5.274



    

  
    
      Table B.52. 

      J1342+0928, z = 3.6735

      
        


	λobs
	ID
	Wobs





	12088.71
	Fe II 2586.65
	0.675±0.083



	12151.91
	Fe II 2600.17
	0.723±0.086



	13068.75
	Mg II 2796.35
	0.855±0.142



	13102.30
	Mg II 2803.53
	0.195±0.134†



	13333.33
	Mg I 2852.96
	0.797±0.156





      

      
† Line blended with Al IIλ1670 at z = 6.8427 and Mg Iλ2852 at z = 3.5933



    

  
    
      Table B.55. 

      J1342+0928, z = 6.1234

      
        


	λobs
	ID
	Wobs





	16698.77
	Fe II 2344.21
	0.200±0.171



	18425.74
	Fe II 2586.65
	2.812±0.300



	18522.07
	Fe II 2600.17
	1.412±0.301



	19919.53
	Mg II 2796.35
	2.390±0.208



	19970.67
	Mg II 2803.53
	1.437±0.212





      

    

  
    
      Table B.56. 

      J1342+0928, z = 6.271

      
        


	λobs
	ID
	Wobs





	17044.78
	Fe II 2344.21
	0.528±0.189



	17264.71
	Fe II 2374.46
	1.160±0.190



	17325.08
	Fe II 2382.76
	3.350±0.197



	18905.86
	Fe II 2600.17
	2.140±0.215



	20332.28
	Mg II 2796.35
	6.020±0.233



	20384.47
	Mg II 2803.53
	8.021±0.237†





      

      
† Line blended with Fe IIλ2600 at z = 6.8427



    

  
    
      Table B.60. 

      J1342+0928, z = 7.443

      
        


	λobs
	ID
	Wobs





	10641.74
	Si II 1260.42
	0.561±0.073



	10994.20
	O I 1302.17
	0.258±0.085



	11011.95
	Si II 1304.37
	0.081±0.076



	11267.46
	C II 1334.53
	0.609±0.077



	12889.98
	Si II 1526.71
	0.154±0.088



	13580.15
	Fe II 1608.45
	1.092±0.136



	23609.60
	Mg II 2796.35
	1.057±0.250



	23670.21
	Mg II 2803.53
	0.524±0.232
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