
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Redshift and magnitude distribution of the 27 galaxies in our JADES sample. Top: redshift histogram of galaxies observed in this study. We divide the sample into two sub-samples ‘z∼6’ and ‘z ∼ 8’, based simply on cutting at z = 7 since this is the redshift at which Hα is redshifted beyond the spectral coverage of NIRSpec. Thus, for JADES ‘z ∼ 8’ we only have coverage of lines from [O II] λλ3726, 3729 to [O III] λ5007, while for JADES ‘z ∼ 6’ we can in principle observe all the rest-frame optical lines out to [S II] λλ6716, 6731. The orange hatched histogram indicates galaxies for which we can constrain the [S II] λλ6716, 6731 flux. Green hatching is the same but for [N II] λ6583. Bottom: redshift vs. M1500 for the full z ∼ 5.5 − 9.5 sample. We derived M1500 directly from the PRISM spectra as described in Sect. 2.4.1.

      

    

  
    
      Table 1. 

      Dust-corrected emission-line ratios measured for each of the 27 galaxies in our sample.

      
        


	ID
	zPRISM
	N2
	S2
	O1
	R3
	R2
	R23
	O32
	Ne3O2





	JADES-GS+53.11243–27.77461
	9.438
	...
	...
	...
	0.62 ± 0.01
	−0.93 ± 0.07
	0.75 ± 0.01
	1.55 ± 0.07
	0.32 ± 0.08



	JADES-GS+53.16446–27.80218
	8.479
	...
	...
	...
	0.71 ± 0.06
	<  − 0.49
	0.84 ± 0.06
	> 1.20
	... (c)



	JADES-GS+53.15682–27.76716
	7.981
	...
	...
	...
	0.77 ± 0.02
	−0.37 ± 0.06
	0.92 ± 0.02
	1.14 ± 0.05
	0.07 ± 0.07



	JADES-GS+53.16746–27.77201
	7.277
	...
	...
	...
	0.78 ± 0.07
	−0.19 ± 0.17
	0.93 ± 0.07
	0.97 ± 0.16
	<  − 0.04



	JADES-GS+53.11833–27.76901
	7.206
	...
	...
	...
	0.64 ± 0.06
	−0.23 ± 0.25
	0.81 ± 0.07
	0.86 ± 0.25
	−0.15 ± 0.39



	JADES-GS+53.13423–27.76891
	7.051
	...
	...
	<  − 0.65
	0.53 ± 0.04
	−0.44 ± 0.14
	0.69 ± 0.04
	0.97 ± 0.13
	<  − 0.07



	




	JADES-GS+53.11730–27.76408
	6.931
	<  − 0.81
	...
	<  − 1.11
	0.78 ± 0.03
	−0.23 ± 0.08
	0.94 ± 0.03
	1.01 ± 0.07
	0.06 ± 0.10



	JADES-GS+53.15579–27.81520
	6.718
	<  − 0.75
	<  − 1.01
	<  − 1.12
	0.79 ± 0.03
	−0.78 ± 0.23
	0.92 ± 0.03
	1.57 ± 0.23
	0.48 ± 0.24



	JADES-GS+53.15138–27.81917
	6.709
	<  − 0.39
	<  − 0.59
	<  − 0.62
	0.94 ± 0.13
	−0.04 ± 0.42
	1.10 ± 0.14
	0.98 ± 0.40
	< 0.36



	JADES-GS+53.16904–27.77884
	6.631
	<  − 1.06
	<  − 1.36
	<  − 1.43
	0.54 ± 0.01
	<  − 0.87
	0.67 ± 0.01
	> 1.41
	> 0.38



	JADES-GS+53.13492–27.77271
	6.342
	<  − 1.29
	<  − 1.55
	<  − 1.64
	0.64 ± 0.01
	−0.76 ± 0.06
	0.78 ± 0.01
	1.40 ± 0.05
	0.24 ± 0.06



	JADES-GS+53.17582–27.77446
	6.335
	... (b)
	<  − 0.91
	<  − 0.97
	0.75 ± 0.04
	0.18 ± 0.06
	0.96 ± 0.04
	0.57 ± 0.05
	<  − 0.53



	JADES-GS+53.16660–27.77240
	6.329
	<  − 0.75
	<  − 1.03
	<  − 1.12
	0.63 ± 0.03
	−0.53 ± 0.13
	0.78 ± 0.03
	1.15 ± 0.13
	0.09 ± 0.16



	JADES-GS+53.15613–27.77584
	6.105
	<  − 0.80
	<  − 1.02
	−1.59 ± 0.50
	0.73 ± 0.04
	0.35 ± 0.06
	0.97 ± 0.04
	0.37 ± 0.04
	<  − 0.68



	JADES-GS+53.16062–27.77161
	5.981
	<  − 0.95
	<  − 1.18
	<  − 1.24
	0.65 ± 0.02
	−0.93 ± 0.27
	0.78 ± 0.02
	1.58 ± 0.27
	< 0.22



	JADES-GS+53.11911–27.76080
	5.948
	<  − 0.85
	<  − 1.08
	<  − 1.15
	0.68 ± 0.03
	0.33 ± 0.04
	0.93 ± 0.03
	0.35 ± 0.03
	<  − 0.71



	JADES-GS+53.12176–27.79763
	5.943
	... (a)
	<  − 1.87
	<  − 2.02
	0.75 ± 0.01
	−0.82 ± 0.04
	0.88 ± 0.01
	1.56 ± 0.04
	0.36 ± 0.04



	JADES-GS+53.11041–27.80892
	5.941
	<  − 1.01
	<  − 1.22
	<  − 1.28
	0.74 ± 0.02
	−0.22 ± 0.07
	0.90 ± 0.02
	0.96 ± 0.06
	−0.01 ± 0.09



	JADES-GS+53.12259–27.76057
	5.920
	<  − 0.83
	−0.90 ± 0.09
	<  − 1.17
	0.71 ± 0.02
	0.04 ± 0.04
	0.90 ± 0.02
	0.67 ± 0.03
	−0.45 ± 0.08



	JADES-GS+53.17655–27.77111
	5.891
	<  − 0.96
	<  − 1.05
	<  − 1.08
	0.75 ± 0.04
	−0.23 ± 0.12
	0.91 ± 0.04
	0.98 ± 0.11
	−0.04 ± 0.15



	JADES-GS+53.11351–27.77284
	5.822
	<  − 0.80
	<  − 1.29
	<  − 1.35
	0.52 ± 0.02
	−0.61 ± 0.10
	0.67 ± 0.02
	1.13 ± 0.10
	<  − 0.21



	JADES-GS+53.16730–27.80287
	5.820
	... (a)
	<  − 1.09
	<  − 1.15
	0.53 ± 0.03
	<  − 0.55
	0.65 ± 0.03
	> 1.08
	... (c)



	JADES-GS+53.15407–27.76607
	5.804
	<  − 1.34
	<  − 1.53
	<  − 1.54
	0.83 ± 0.02
	−0.14 ± 0.05
	0.99 ± 0.02
	0.96 ± 0.05
	−0.05 ± 0.07



	JADES-GS+53.11537–27.81477
	5.775
	<  − 1.13
	<  − 1.38
	<  − 1.45
	0.65 ± 0.01
	−0.40 ± 0.05
	0.80 ± 0.02
	1.05 ± 0.05
	−0.07 ± 0.08



	JADES-GS+53.13002–27.77839
	5.574
	<  − 1.15
	−1.08 ± 0.08
	<  − 1.40
	0.82 ± 0.03
	0.36 ± 0.04
	1.05 ± 0.03
	0.46 ± 0.03
	−0.57 ± 0.10



	JADES-GS+53.12972–27.80818
	5.570
	<  − 0.89
	−1.17 ± 0.13
	<  − 1.23
	0.61 ± 0.03
	−0.01 ± 0.06
	0.80 ± 0.03
	0.61 ± 0.05
	−0.28 ± 0.10



	JADES-GS+53.11572–27.77496
	5.507
	<  − 1.17
	<  − 1.42
	<  − 1.46
	0.82 ± 0.02
	−0.11 ± 0.04
	0.99 ± 0.02
	0.93 ± 0.03
	−0.10 ± 0.05





      

      
Notes. Line ratio names are defined in Eq. (1). Non-detections are quoted as 3-σ upper limits.

(a) Target does not have coverage of the Hα+[N II] complex in G395M/F290LP observation.


(b) Target was not observed in our G395M/F290LP MSA configuration.


(c) Ne3O2 ratio is unconstrained as neither [O II] nor [Ne III] were robustly detected.




    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        BPT and VO87 diagrams showing the comparison between JADES z ∼ 6 galaxies and samples across various redshifts. Individual measurements are shown as solid purple points, while values derived from stacked JADES spectra are shown as the open magenta diamonds. The background grey 2D PDF shows z ∼ 0 galaxies from SDSS. Extremely metal-poor z ∼ 0 galaxies from Izotov et al. (2018, 2019) are shown as yellow pentagons. MOSDEF z ∼ 2 galaxies are shown as green circles (Kriek et al. 2015). The z ∼ 5.6 composite CEERS spectra presented by Sanders et al. (2023) are shown as the blue open circles. The solid navy lines in each panel show the theoretical maximum starbust lines from Kewley et al. (2001), while the dotted line in the left panel shows the empirical demarcation derived by Kauffmann et al. (2003). Left: classical BPT or ‘N2–BPT’ – Purple triangles provide 3-σ upper limits on the locations of our JADES galaxies since we are unable to detect [N II] λ6583 in any of the 18 galaxies for which we have G395M/F290LP spectral coverage of the Hα complex, although the R3 ratio is very well constrained in all cases from PRISM data. Even after stacking the grating spectra of all galaxies, we do not recover a robust detection of [N II] λ6583. Centre: in the S2–VO87 diagram (often referred to as ‘S2–BPT’), three out of 20 of our JADES galaxies show detections of [S II] in individual spectra. The tight 3-σ upper limits we place on our non-detections highlight that there must be more than an order of magnitude in scatter in the S2 ratio within the sample. Right: we find one tentative detection of [O I] λ6300 in our O1–VO87 diagram.

      

    

  
    
      Fig. 5. 
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        R23–O32 diagram, probing the ionisation and excitation of the ISM. The JADES sub-samples at z ∼ 6 (purple points) and z ∼ 8 (maroon points) lie at generally high excitation an high ionisation. Comparison samples, including SDSS, MOSDEF, green peas, blueberries, and SMACS 0723, are shown as in Fig. 4. z ∼ 4.5 − 8 galaxies from GLASS are shown as grey diamond (Mascia et al. 2023). Blue and orange open circles show the z ∼ 5.6 and z ∼ 7.5 composite CEERS spectra from Sanders et al. (2023), while the z ∼ 7.7 composite CEERS spectrum from Tang et al. (2023) is shown as the green open hexagon. Stacked JADES spectra are shown as the open magenta and red diamonds.

      

    

  
    
      Fig. 7. 
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        JADES z ∼ 5.5 − 9.5 galaxies compared to photoionisation models. Measured ratios are shown as purple points, as in Figs. 3–6 except that all galaxies are plotted in the same colour, regardless of redshift. SDSS galaxies are shown in the same manner as Figs. 3–6. Each line shows a set of models with constant metallicity with values of Z = [1, 2, 3, 4, 6, 8, 10, 14, 20, 30, 40] × 10−3 increasing from black to yellow. Assuming Z⊙ = 0.0134 (Asplund et al. 2009), these correspond to Z/Z⊙ = 0.07, 0.15, 0.22, 0.30, 0.45, 0.60, 0.75, 1.0, 1.5, 2.2, 3.0. Ionisation parameter varies along the grid line, increasing with marker size, with values of log U = −4.0, −3.5, −3.0, −2.5, −2.0, −1.5, −1.0, −0.5. Details of the photoionisation models are described in Sect. 4.1.

      

    

  
    
      Table A.1. 

      Summary of coordinates, magnitudes, and total integration times on each of the targets presented in this sample.

      
        


	ID
	NIRSpec_ID
	R.A.
	Decl.
	zPRISM
	tint. (hr)
	tint. (hr)
	M1500



	
	
	
	
	
	PRISM
	G395M
	





	JADES-GS+53.11243-27.77461
	10058975
	53.112434
	-27.774609
	9.438
	28.0
	7.0a
	−20.36 ± 0.01



	JADES-GS+53.16446-27.80218
	8013
	53.164464
	-27.802180
	8.479
	28.0
	7.0a
	−17.55 ± 0.84



	JADES-GS+53.15682-27.76716
	21842
	53.156825
	-27.767159
	7.981
	28.0
	7.0a
	−18.43 ± 0.03



	JADES-GS+53.16746-27.77201
	10013682
	53.167464
	-27.772006
	7.277
	18.7
	4.7a
	−17.01 ± 0.22



	JADES-GS+53.11833-27.76901
	10013905
	53.118327
	-27.769010
	7.206
	28.0
	7.0a
	−18.88 ± 0.05



	JADES-GS+53.13423-27.76891
	20961
	53.134229
	-27.768913
	7.051
	18.7
	4.7a
	−18.82 ± 0.06



	




	JADES-GS+53.11730-27.76408
	10013609
	53.117303
	-27.764082
	6.931
	9.3
	2.3
	−18.71 ± 0.06



	JADES-GS+53.15579-27.81520
	4297
	53.155788
	-27.815202
	6.718
	9.3
	2.3
	−18.58 ± 0.07



	JADES-GS+53.15138-27.81917
	3334
	53.151381
	-27.819165
	6.709
	28.0
	7.0
	−17.80 ± 0.07



	JADES-GS+53.16904-27.77884
	16625
	53.169042
	-27.778838
	6.631
	28.0
	7.0
	−18.75 ± 0.03



	JADES-GS+53.13492-27.77271
	18846
	53.134917
	-27.772709
	6.342
	28.0
	7.0
	−20.14 ± 0.01



	JADES-GS+53.17582-27.77446
	18179
	53.175816
	-27.774464
	6.335
	18.7
	0.0
	−18.71 ± 0.06



	JADES-GS+53.16660-27.77240
	18976
	53.166602
	-27.772403
	6.329
	28.0
	7.0
	−18.61 ± 0.04



	JADES-GS+53.15613-27.77584
	17566
	53.156128
	-27.775841
	6.105
	18.7
	4.7
	−19.05 ± 0.04



	JADES-GS+53.16062-27.77161
	19342
	53.160620
	-27.771613
	5.981
	28.0
	7.0
	−18.67 ± 0.04



	JADES-GS+53.11911-27.76080
	10013618
	53.119112
	-27.760802
	5.948
	28.0
	7.0
	−19.42 ± 0.02



	JADES-GS+53.12176-27.79763
	9422
	53.121755
	-27.797634
	5.943
	28.0
	7.0a
	−19.81 ± 0.01



	JADES-GS+53.11041-27.80892
	6002
	53.110411
	-27.808923
	5.941
	28.0
	7.0
	−18.60 ± 0.03



	JADES-GS+53.12259-27.76057
	10013620
	53.122590
	-27.760569
	5.920
	28.0
	7.0
	−19.64 ± 0.02



	JADES-GS+53.17655-27.77111
	19606
	53.176550
	-27.771108
	5.891
	9.3
	2.3
	−18.75 ± 0.06



	JADES-GS+53.11351-27.77284
	10056849
	53.113511
	-27.772836
	5.822
	28.0
	2.3
	−18.16 ± 0.05



	JADES-GS+53.16730-27.80287
	10005113
	53.167303
	-27.802870
	5.820
	28.0
	7.0a
	−17.85 ± 0.08



	JADES-GS+53.15407-27.76607
	22251
	53.154070
	-27.766072
	5.804
	18.7
	4.7
	−18.93 ± 0.04



	JADES-GS+53.11537-27.81477
	4404
	53.115372
	-27.814771
	5.775
	28.0
	7.0
	−19.31 ± 0.03



	JADES-GS+53.13002-27.77839
	16745
	53.130023
	-27.778393
	5.574
	28.0
	7.0
	−19.60 ± 0.01



	JADES-GS+53.12972-27.80818
	6246
	53.129722
	-27.808177
	5.570
	28.0
	7.0
	−18.01 ± 0.05



	JADES-GS+53.11572-27.77496
	10016374
	53.115717
	-27.774955
	5.507
	18.7
	4.7
	−18.66 ± 0.02





      

      
The six targets above the horizontal rule comprise the JADES ‘z ∼ 8’ sample and do not have coverage of any of Hα, [N II] or [S II] in either PRISM or G395M/F290LP data. The remainder are referred to as the ‘z ∼ 6’ sample. ‘NIRSpec_ID’ refers to the integer ID used in the JADES data release (Bunker et al. 2023).

a Target does not have coverage of the Hα+[N II] complex in G395M/F290LP observation.



    

  
    
      Table B.2. 

      Emission line ratio measurements from our stacked JADES spectra.

      
        


	Ratio
	JADES z ∼ 6
	JADES z ∼ 8





	N2
	<  − 1.44
	...



	S2
	<  − 1.11
	...



	O1
	−2.20 ± 0.37
	...



	R3
	0.71 ± 0.03
	0.70 ± 0.05



	R2
	−0.50 ± 0.13
	−0.28 ± 0.08



	R23
	0.86 ± 0.02
	0.86 ± 0.04



	O32
	1.21 ± 0.16
	0.97 ± 0.13



	Ne3O2
	0.14 ± 0.07
	−0.13 ± 0.16





      

      
Ratio names are defined in Equation 1. Non-detections are quoted as 3-σ upper limits. Ratios in this table are derived from stacked PRISM/CLEAR spectra in all cases, with the exception of N2 which is derived from stacked G395M/F290LP spectra.



    

  
    
      Table C.1. 

      Half-light radii for targets in this sample.

      
        


	ID
	NIRCam ID
	R50 (″)





	8013
	110748
	0.088



	4297
	101683
	0.090



	9422
	113585
	0.090



	20961
	135819
	0.096



	16625
	127219
	0.097



	10005113
	110319
	0.098



	21842
	137667
	0.099



	18846
	131688
	0.101



	19606
	210963
	0.111



	18179
	130262
	0.114



	6002
	106292
	0.114



	4404
	101990
	0.115



	6246
	106885
	0.116



	




	19342
	132780
	0.121



	3334
	197088
	0.126



	22251
	138571
	0.132



	18976
	131971
	0.136



	10013682
	210625
	0.143



	17566
	209276
	0.190



	16745
	208642
	0.191





      

      
Values taken from the JADES public catalogue (Rieke et al. 2023) for the subset of our sample with NIRCam imaging was available. ‘NIRCam ID’ gives this cross-matched ID from those imaging catalogues. The horizontal rule marks the FWHM of the NIRCam PSF in the F356W filter ([image: equation]); i.e. targets below this rule have half-light radii larger than the NIRCam PSF.
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