
    
      Fig. 1. 
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        NIRSpec PRISM (R100) spectrum of JADES-GS-z7-LA at z = 7.278, showing both 1D and 2D spectra. The error spectrum has been shown as the orange-shaded region. We additionally show zoom-ins around the Lyα line (top left) and the Hβ, [O III] λ4959 and [O III] λ5007 lines (top right). At least in the PRISM spectrum, the Lyα emission appears at the systemic redshift, indicative of the presence of Lyα (and potentially LyC) escape channels. We caution, however, that at the bluest end of the spectrograph the spectral resolution is much lower than the nominal R ∼ 100, degrading all the way down to R ∼ 30 (Jakobsen et al. 2022).

      

    

  
    
      Fig. 2. 
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        Robust detection of the [O III] λ5007 emission line in the R ∼ 1000 G395M grating spectrum, which was used to derive an accurate systemic redshift of z = 7.2782 ± 0.0003. This redshift is consistent with the weaker detections of the [O III] λ4959 and Hβ lines that are also marked in the spectrum.

      

    

  
    
      Fig. 3. 
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        Velocity shift of the Lyα emission line in the G140M NIRSpec spectrum with a resolution of R ∼ 1000 compared to the systemic redshift (Δv = 0 km s−1) traced by the [O III] and Hβ lines. The emission line appears to be symmetric, centered very close to the systemic redshift with an offset of 113.3 ± 80.0 km s−1, with flux blueward of the peak. The observed line profile is indicative of significant Lyα photon escape thanks to virtually no neutral gas along the line-of-sight in the galaxy.

      

    

  
    
      Table 1. 

      Observed spectroscopic properties of JADES-GS+53.16746−27.7720 (or JADES-GS-z7-LA).

      
        


	Parameter
	Measurement





	zsys
	7.2782 ± 0.0003



	zLyα
	7.2822 ± 0.0004



	R100 line fluxes [×10−20 erg s−1 cm−2]



	F([O II] λ3727)
	5.4 ± 1.4



	F(Hβ)
	7.9 ± 2.2



	F([O III] λ4959)
	23.1 ± 6.0



	F([O III] λ5007)
	59.9 ± 4.0



	R100 equivalent widths [Å]



	EW0([O II] λ3727)
	69.9 ± 14.4



	EW0(Hβ)
	113.0 ± 23.1



	EW0([O III] λ4959)
	330.3 ± 62.9



	EW0([O III] λ5007)
	854.8 ± 58.0



	R1000 line fluxes [×10−20 erg s−1 cm−2]



	F(Lyα)
	229.2 ± 25.9



	F(Hβ)
	14.3 ± 5.9



	F([O III] λ5007)
	64.6 ± 6.2



	R1000 equivalent widths [Å]



	EW0(Lyα)
	388.0 ± 88.8



	EW0(Hβ)
	204.9 ± 62.5



	EW0([O III] λ5007)
	1028.1 ± 165.5



	Line ratios (from PRISM)



	[O III] λ5007/[O II], λ3727 (O32)
	11.1 ± 2.2



	([O III] λλ4959, 5007 + [O II])/Hβ (R23)
	11.2 ± 2.6



	[O III] λ5007/Hβ (R3)
	7.6 ± 1.5



	Hγ/Hβ
	< 0.49





      

    

  
    
      Table 2. 

      JWST/NIRCam background subtracted fluxes and errors (in nanoJanskys) of JADES-GS-z7-LA and the companion source.

      
        


	Filter
	JADES-GS-z7-LA
	Companion



	
	[nJy]
	[nJy]





	F090W
	0.34 ± 0.90
	1.00 ± 0.91



	F115W
	3.17 ± 0.63
	3.22 ± 0.63



	F150W( * )
	1.43 ± 0.76
	2.22 ± 0.76



	F200W
	2.99 ± 0.64
	3.76 ± 0.64



	F277W
	3.33 ± 0.31
	3.37 ± 0.31



	F356W
	2.44 ± 0.31
	4.24 ± 0.31



	F410M
	11.52 ± 0.60
	8.99 ± 0.59



	F444W
	7.28 ± 0.56
	7.52 ± 0.56





      

      
Notes. ( * )The F150W image suffers from local background subtraction issues, making the measured fluxes lower than expected.



    

  
    
      Fig. 5. 
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        NIRCam cutouts (1.5″ × 1.5″) showing the location of the Lyα emitting galaxy and the companion source. Also shown in red in the bottom-left panel is the location of the NIRSpec MSA shutters that led to the discovery of Lyα emission from JADES-GS-z7-LA, but did not include the companion source. Both galaxies drop out in the F090W filter and qualitatively show similar colors across the broadband filters, suggesting that the companion source likely has a photometric redshift comparable to JADES-GS-z7-LA. The F115W filter is contaminated by Lyα emission at z ∼ 7.3, which explains the relatively bright flux from JADES-GS-z7-LA and may also explain emission from the companion if it is at the same redshift.

      

    

  
    
      Fig. 6. 
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        NIRSpec/PRISM spectrum of JADES-GS-z7-LA (excluding the Lyα region) with the best-fitting spectrum from BAGPIPES. We fit the entire spectrum, but only highlight the strongest emission lines in the figure that have the most constraining power. The fits to the observed emission lines suggest that a high ionization parameter, log(U) = − 0.72 ± 0.14 and low metallicities of Zburst = 0.31 ± 0.26 Z⊙ are needed to explain the observed emission lines. The best-fit SED also favors a bursty star formation history (see text). The constraints derived from fitting the spectrum are useful to then fit the photometry of the galaxy as well, as shown in Fig. 7.

      

    

  
    
      Fig. 7. 
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        Best-fitting SEDs of JADES-GS-z7-LA and its companion source, fixing the redshift to be at z = 7.278 for both objects. We find that a good fit is obtained for the companion source at the same redshift as JADES-GS-z7-LA, which in particular can explain the photometric excess observed in the F410M band (dashed oval). Overall, JADES-GS-z7-LA has a ‘bluer’ SED, which is reflected in the preference for a bursty star formation history when compared to the companion source.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Predicted sized of an ionized bubble that JADES-GS-z7-LA (solid lines) and its companion source (dashed lines) as a function of time since star formation began for different LyC fesc. We use very simplistic assumptions here, where the ionizing photon production rates are considered to be constant over the entire lifetime of the sources, set to the currently inferred value from the UV magnitude. We find that neither JADES-GS-z7-LA nor the companion are capable of inflating an ionized bubble of size > 1.5 pMpc (shaded region), even if they had fesc(LyC) = 1.0 over the past 100 Myr of their lifetime. The visibility of Lyα from JADES-GS-z7-LA, therefore, suggests that these galaxies may be part of an ionized bubble inflated by other galaxies in the field, or be situated in an opportunistic sightline cleared of neutral hydrogen by intervening sources.
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