
    Table 2. 

Ionization stages for which detailed model atoms were used in the model atmosphere calculations.




	Element
	L
	SL





	H
	16
	1



	He I
	24
	0



	He II
	20
	0



	C II
	34
	5



	C III
	34
	12



	C IV
	35
	2



	N II
	32
	10



	N III
	39
	9



	N IV
	34
	14



	N V
	21
	4



	O II
	36
	12



	O III
	28
	13



	O IV
	31
	8



	Ne II
	23
	9



	Ne III
	12
	2



	Mg II
	21
	4



	Al III
	19
	4



	Si III
	31
	15



	Si IV
	19
	4



	P IV
	14
	0



	P V
	12
	4



	S III
	29
	12



	S IV
	29
	12



	S V
	20
	5



	S VI
	13
	3



	Fe III
	0
	50



	Fe IV
	0
	43



	Fe V
	0
	42



	Ni IV
	0
	38



	Ni V
	0
	48






Notes. The number of levels (L) and super-levels (SL) are listed. For each element the ground state of the next higher ionization stage was included, but not listed here.




  
    Table 4. 

Effective temperatures, surface gravities, H/He number ratio, abundance of the dominant metal X and projected rotational velocity vrot sin i of the sample stars, compared with the results of Hirsch (2009).




	Name
	Teff (K)
	log g (cgs)
	log y
	log(X/H)
	vrot sin i (km s−1)
	Spectrum
	Ref.





	CD–31°4800
	42 230 ± 300
	5.60 ± 0.1
	2.61 ± 0.20
	−0.31 ± 0.11 (N)
	<5
	UVES
	1



	43 000 ± 250
	5.84 ± 0.05
	2.75 ± 0.30
	−0.29 ± 0.17 (N)
	<10
	FEROS
	2



	LSS 1274
	44 270 ± 400
	5.48 ± 0.10
	2.17 ± 0.25
	−0.01 ± 0.19 (C)
	<5
	UVES
	1



	[CW83] 0904−02
	47 000 ± 500
	5.70 ± 0.10
	2.0 ± 0.3
	−0.11 ± 0.13 (C)
	32 ± 3
	UVES
	1



	46 170 ± 250
	5.64 ± 0.05
	1.91 ± 0.3
	−0.12 ± 0.2(C)
	30 ± 4
	FEROS
	2



	LS IV +10° 9
	43 850 ± 200
	5.43 ± 0.1
	2.73 ± 0.25
	+0.15 ± 0.13 (C)
	<5
	UVES
	1



	44 000 ± 250
	5.42 ± 0.1
	2.76 ± 0.20
	−0.13 ± 0.27 (N)
	<5
	UVES
	1






References. 1 = this work, 2 = Hirsch (2009).




  
    
      Fig. 3. 
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Comparison of the position of the program stars in a Teff, log g diagram to that the sample of Hirsch (2009). Stars with nitrogen dominated atmospheres are shown as green hexagons, while red square denote stars with carbon dominated atmospheres. The helium main sequence (Paczyński 1971) is shown for reference.



    

  
    Table 5. 

Angular diameter Θ, interstellar reddening AV, interstellar reddening to infinity AVS(Schlafly & Finkbeiner 2011a).




	Star
	Θ
	AV
	AVS
	Parallax ϖ (mas)
	Mass (M⊙)





	CD–31°4800
	3.561 × 10−11
	0.056
	1.678
	4.8619 ± 0.0642
	0.38 ± 0.09



	LSS 1274
	1.298 × 10−11
	0.339
	1.683
	1.4618 ± 0.0461
	0.43 ± 0.10



	LS IV +10° 9
	1.809 × 10−11
	0.164
	0.196
	2.041 ± 0.0628
	0.38 ± 0.09



	[CW83] 0904−02
	1.742 × 10−11
	0.066
	0.063
	2.1574 ± 0.0737
	0.59 ± 0.14






Notes. The Gaia parallaxes ϖ and the stellar masses are given in the last two columns.




  
    Table 6. 

Comparison of photometric magnitudes J, H and K from Ulla & Thejll (1998) and Cutri et al. (2003).




	
	Ulla & Thejll (1998)
	Cutri et al. (2003)





	J
	11.15 ± 0.03
	12.632 ± 0.03



	H
	10.98 ± 0.05
	12.813 ± 0.02



	K
	10.90 ± 0.05
	12.916 ± 0.04







  
    
      Fig. 5. 
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Comparison of the final synthetic spectrum to the normalized visual, UVA, and the FUSE FUV spectrum of LSS 1274. Upper panels: C III and C IV lines. The continuum adjustment of the strong C III, 1176 Ã, septuplet is problematic, which may point to a line broadening issue because the model line wings are too strong but the cores are well matched. Middle panels: N III and N IV lines. Lower panels: spectral lines of O III and the P IV&P IV lines in the P@FUV panel are well reproduced, while we consider the match for the Fev in the lower left O@FUV panel line reasonable.



    

  
    Table 7. 

Surface abundances of CD–31°4800 (left hand panel) and for LSS 1274 (right hand panel) as derived from visual/UVA and FUV data. The values are given as log (n(X)/n(H)).




	CD–31°4800
	LSS 1274



	




	Element
	Visual/UVA
	FUSE
	Adopted
	Element
	Visual/UVA
	FUSE
	Adopted





	He I & He II
	2.61 ± 0.20
	−
	2.61 ± 0.20
	He I & He II
	2.17 ± 0.25
	−
	2.17 ± 0.25



	C III
	−2.30 ± 0.11
	−1.72 ± 0.15
	
	C III
	−0.01 ± 0.06
	0.11 ± 0.11



	C IV
	−2.09 ± 0.04
	−1.84 ± 0.21
	
	C IV
	−0.14 ± 0.08
	0.07 ± 0.34



	C
	−2.14 ± 0.13
	−1.76 ± 0.18
	−2.01 ± 0.16
	C
	−0.06 ± 0.12
	0.09 ± 0.25
	−0.01 ± 0.19



	N II
	−0.25 ± 0.06
	−
	
	N II
	(−1.29 ± 0.71)
	−
	



	N III
	−0.24 ± 0.02
	−0.37 ± 0.12
	
	N III
	−1.19 ± 0.06
	−1.07 ± 0.36
	



	N IV
	−0.27 ± 0.02
	−0.41 ± 0.12
	
	N IV
	−1.01 ± 0.21
	−1.05 ± 0.11
	



	N
	−0.25 ± 0.10
	−0.39 ± 0.12
	−0.31 ± 0.11
	N
	−1.15 ± 0.17
	−1.06 ± 0.26
	−1.11 ± 0.22



	O II
	−2.09 ± 0.04
	−
	
	O II
	(−1.60 ± 0.80)
	−
	



	O III
	−2.29 ± 0.05
	−2.12 ± 0.08
	
	O III
	−1.90 ± 0.22
	−1.75 ± 0.21
	



	O IV
	−
	−2.58 ± 0.28
	
	O IV
	−
	(−1.40 ± 0.59)
	



	O
	−2.19 ± 0.11
	−2.24 ± 0.14
	−2.21 ± 0.13
	O
	−1.90 ± 0.24
	−1.75 ± 0.23
	−1.82 ± 0.24



	Ne II
	−0.98 ± 0.10
	−0.62 ± 0.14
	−0.83 ± 0.12
	Ne II
	−0.70 ± 0.11
	−0.76 ± 0.31
	−0.71 ± 0.21



	Mg II
	−1.56 ± 0.10
	−
	−1.56 ± 0.10
	Mg II
	−1.96 ± 0.29
	−
	−1.96 ± 0.29



	Al III
	−2.61 ± 0.10
	−2.93 ± 0.32
	−2.68 ± 0.21
	Al III
	−1.93 ± 0.31
	−2.25 ± 0.30
	−2.09 ± 0.30



	Si III
	−1.57 ± 0.10
	−1.75 ± 0.14
	
	Si III
	−2.23 ± 0.21
	−2.19 ± 0.25
	



	Si IV
	−1.78 ± 0.15
	−1.75 ± 0.18
	
	Si IV
	−2.23 ± 0.14
	−2.08 ± 0.03
	



	Si
	−1.65 ± 0.16
	−1.75 ± 0.16
	−1.70 ± 0.16
	Si
	−2.23 ± 0.20
	−2.09 ± 0.17
	−2.16 ± 0.19



	P IV
	−
	−3.92 ± 0.11
	
	P IV
	−
	−4.02 ± 0.19
	



	P V
	−
	−3.83 ± 0.13
	
	P V
	−
	−3.80 ± 0.11
	



	P
	−
	−3.88 ± 0.15
	−3.88 ± 0.15
	P
	−
	−3.80 ± 0.15
	−3.80 ± 0.15



	S III
	−1.79 ± 0.03
	−
	S III
	−
	−
	



	S IV
	−2.22 ± 0.07
	−2.09 ± 0.10
	
	S IV
	−2.46 ± 0.06
	−2.54 ± 0.13
	



	S V
	–
	−1.87 ± 0.41
	S V
	−
	−2.32 ± 0.39
	



	S V
	–
	–
	
	S VI
	−
	(−2.41 ± 0.70)



	S
	−1.93 ± 0.11
	−2.05 ± 0.27
	−1.96 ± 0.19
	S
	−2.46 ± 0.11
	−2.49 ± 0.28
	−2.47 ± 0.19



	Fe
	−
	−2.01 ± 0.27
	−2.01 ± 0.27
	Fe
	−
	−2.42 ± 0.18
	−2.42 ± 0.18



	Ni
	−
	−2.49 ± 0.23
	−2.49 ± 0.23
	Ni
	−
	−2.62 ± 0.29
	−2.62 ± 0.29






Notes. A “–” indicates that no usable lines of the element were found. Abundance are listed as derived from each ion accessible. A bold element symbol indicates the abundance from all ionization stages combined. The finally adopted abundances are the error-weighted averages of the results from the visual/UVA and FUSE spectra, if available. Abundances with uncertainties exceeding 0.5 dex are given in parentheses (see text).




  
    
      Fig. 7. 
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Fits to C III lines in the FUSE FUV spectrum of [CW83] 0904−02. The red profile is calculated with the derived projected rotational velocity of 30 km s−1. The green line indicates the line profiles without rotation for comparison. As in the case of LSS 1274 the continuum adjustment for the Ciii septuplet at 1176 Å is problematic (see Fig. 5).



    

  
    Table 10. 

Comparison of the abundances (logarithmic mass fractions) derived for CD–31°4800 to the typical composition of the He-cores of RGB stars (of different mass MHe−core), coming from progenitors of different initial masses (MZAMS) and a metallicity of z = 0.01 (as computed by Miller Bertolami 2016).




	
	C
	N
	O
	Ne



	




	CD−31 4800
	−4.14 ±0.16
	−2.38 ±0.11
	−4.22 ±0.13
	−2.74 ±0.12



	RGB cores



	MHe−core(MZAMS)
	C
	N
	O
	Ne





	0.20 M⊙ (1 M⊙)
	−4.30
	−2.22
	−3.13
	−3.01



	0.45 M⊙ (1 M⊙)
	−4.20
	−2.20
	−3.39
	−3.01



	0.20 M⊙ (1.5 M⊙)
	−4.17
	−2.19
	−3.53
	−3.01



	0.45 M⊙ (1.5 M⊙)
	−4.13
	−2.19
	−3.69
	−3.01







  
    
      Fig. 10. 
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Chemical abundances by mass for carbon (12C+13C), nitrogen (14N), oxygen (16O+18O), and neon (20Ne+22Ne) predicted by composite merger models (Zhang & Jeffery 2012) as a function of the merger mass (solid colored lines) for a metallicity of z = 0.02, The horizontal bands represent the abundances and their uncertainties determined for [CW83] 0904−02.



    

  
    
      Fig. 11. 
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Comparison of the positions of the program stars (plotted with error bars) in a Kiel diagram (Teff, log g) with different evolutionary tracks for hot flashers (Battich et al. 2018) and the hot subdwarfs from the SPY project (Lisker et al. 2005; Hirsch 2009). The hydrogen-rich hot subdwarfs are marked by open squares, while C-rich He-sdOs are are shown as red filled squares and N-rich as green filled hexagons. The dashed (black) track is for a shallow mixing case and a stellar mass of 0.46794 M⊙, while the full drawn (red) one represent predictions from the deep-mixing hot flasher scenario for a mass of 0.46599 M⊙. Also shown are the zero-(ZAEHB) and terminal age EHB (TAEHB, adopted from Dorman et al. 1993) and the helium main sequence (Paczyński 1971).



    

  
    
      Fig. 12. 
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H, He, C, N, O and Ne abundances of our stars as compared with the predictions from the deep-mixing late hot-flasher scenario (red bars, Battich et al. 2018).



    

  
    
      Fig. 13. 
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Development of isotopic abundances during He- and H-flashes. The abundances correspond to the inner part of the star where He- and H-flashes take place. The dashed vertical (gray) line marks the onset of H flash. The abundances of 16O, 17O and 15N isotopes (not showed) are always below 5 × 10−4.



    

  
    Table A.1. 

List of observational data for the four He-sdO stars.




	Star
	Instrument
	Program ID
	Wavelength range (Å)
	Exposure time (s)
	R





	CD–31°4800
	UVES
	69.C-0171(A)
	3281–4562
	2700
	68 642



	CD–31°4800
	UVES
	69.C-0171(A)
	4583–6686
	2700
	107 200



	CD–31°4800
	FEROS
	074.B-0455(A)
	3527. . . 9216
	600
	48 000



	CD–31°4800
	FUSE
	p2050603000
	905–1185
	11 747
	22 000



	[CW83] 0904−02
	FEROS
	074.B-0455
	3527–9216
	1000
	48 000



	[CW83] 0904−02
	FEROS
	074.B-0455
	3527–9216
	1000
	48 000



	[CW83] 0904−02
	FUSE
	p2051302000
	905–1185
	3157
	22 000



	[CW83] 0904−02
	FUSE
	p2051303000
	905–1185
	2385
	22 000



	LSS 1274
	UVES
	077.C-0547(A)
	4726–6835
	2100
	66 320



	LSS 1274
	UVES
	077.C-0547(A)
	4726–6835
	2100
	66 320



	LSS 1274
	UVES
	077.C-0547(A)
	3024–3884
	2100
	49 620



	LSS 1274
	UVES
	077.C-0547(A)
	3024–3884
	2100
	49 620



	LSS 1274
	CASPEC
	
	3925–4953
	
	18 000



	LSS 1274
	FUSE
	p2051701000
	905–1185
	13 927
	22 000



	LSS 1274
	FUSE
	p2051702000
	905–1185
	7935
	22 000



	LS IV +10° 9
	UVES
	67.D-0047(A)
	3281–4562
	1500
	53 750



	LS IV +10° 9
	CASPEC
	
	3930–4888
	
	18 000



	LS IV +10° 9
	FUSE
	p2050901000
	905–1185
	6639
	22 000



	LS IV +10° 9
	FUSE
	p2050903000
	905–1185
	45 577
	22 000






Notes. We list the name of the star, the instrument used, the Program ID, the available wavelength range, the exposure time and the average resolving power for the observations we included in our analysis. For LS IV +10° 9, only the blue part of the UVES spectrum was available in the ESO Data Archive.




  
    Table A.2. 

Visual hydrogen and helium lines used fors the determination of atmospheric parameters.




	
	Wavelength (Å)





	He I
	3888.65



	He II/H I
	3968.44/3970.08



	He II/He I
	4025.61/4026.19



	He II/H I
	4100.05/4101.71



	He II
	4199.84



	He II/H I
	4338.68/4340.47



	He I
	4387.93



	He I
	4437.55



	He I
	4471.48



	He II
	4541.59



	He II
	4685.70



	He I
	4713.15



	He II/H I
	4859.32/4861.35



	He I
	4921.93



	He I
	5015.68



	He I
	5047.74



	He II
	5411.51



	He I
	5875.75



	He II/H I
	6560.09/6562.79



	He I
	6678.15







  
    
      Fig. A.1. 
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He I and He II line profiles from the final model compared to the normalized observed spectrum of [CW83] 0904−02. The spectra have been corrected for radial velocity. We note that telluric lines in the He II/H I, 6560 Å line are particularly strong and also affect the core of that line, in particular near the predicted Hα emission component. Because it was not possible to match the He II/H I 6560 line it was not included in the fit and is only shown for comparison here. The rotational velocity of [CW83] 0904−02 leads to a notable broadening and smearing of the line profiles.



    

  
    
      Fig. A.2. 
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He I and He II line profiles from the final models compared to the normalized observed spectrum of LS IV +10° 9. The spectra have been corrected for radial velocity.



    

  
    Table A.3. 

Comparison of atmospheric parameters to literature values determined from CASPEC spectra using grids with different metallicity.




	Star
	Parameters
	H/He
	H/He (T LUSTY)
	H/He+X (T LUSTY)



	



	
	
	




	
	
	Bauer & Husfeld (1995) Dreizler (1993)
	This work
	This work





	
	Teff (K)
	44 000 ± 2000
	42 790 ± 700
	42 570 ± 500



	CD–31°4800
	log g (cm s−2)
	5.4 ± 0.3
	5.41 ± 0.08
	5.50 ± 0.07



	
	log y (fixed)
	
	2.6
	2.6



	
	Teff (K)
	44 500 ± 1000
	43 200 ± 600
	43 700 ± 500



	LSS 1274
	log g (cm s−2)
	5.55 ± 0.15
	5.22 ± 0.05
	5.25 ± 0.10



	
	log y (fixed)
	2.0
	2.0
	2.0



	
	Teff (K)
	44 500 ± 1000
	45 880 ± 500
	45 420 ± 750



	LS IV +10° 9
	log g (cm s−2)
	5.55 ± 0.15
	5.48 ± 0.05
	5.58 ± 0.08



	
	log y (fixed)
	2.0
	2.0
	2.0



	
	Teff (K)
	46 500 ± 1000
	48 090 ± 800
	48 090 ± 750



	[CW83] 0904−02
	log g (cm s−2)
	5.55 ± 0.15
	5.40 ± 0.07
	5.49 ± 0.07



	
	log y (fixed)
	2.0
	2.0
	2.0







  
    
      Fig. A.3. 
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Comparison of the observed C II, 4267 Å line to the prediction from the final model. Synthetic line profiles calculated for the C abundances listed in Tables 7 and 8 are plotted in red. For LS IV +10° 9 and LSS 1274 the blue profiles represent the best fits to the line.



    

  
    Table A.4. 

Visual and UVA spectral lines used for the abundance determination.




	Element+ion. stage
	Wavelength (Å)





	C III
	3883.81



	C III
	*



	*
	3608.78



	*
	3609.05



	*
	3609.07



	*
	3609.62



	*
	3609.68



	C III
	4056.06



	C III
	*



	*
	4067.94



	*
	4068.91



	*
	4070.26



	C III
	4121.85



	C III
	4186.90



	C III
	4247.31



	C III
	4325.56



	C III
	4361.85



	C III
	4382.90



	C III
	4516.79



	C III
	*



	*
	4647.42



	*
	4650.25



	*
	4651.02



	*
	4651.47



	*
	4652.05



	C III
	5695.92



	C III
	*



	*
	6149.28



	*
	6154.16



	*
	6155.12



	*
	6156.69



	*
	6160.01



	C IV
	4658.30



	C IV
	*



	*
	5016.62



	*
	5018.40



	C IV
	*



	*
	5801.33



	*
	5811.97



	N II
	3838.37



	N II
	3842.19



	N II
	3995.00



	N II
	4176.16



	N II
	4227.74



	N II
	4447.03



	N II
	4694.27



	N II
	4779.72



	N II
	4788.13



	N II
	4803.29



	N II
	4987.38



	N II
	5002.80



	N II
	5007.32



	N II
	5010.62



	N II
	5025.66



	N II
	5045.10



	N II
	5495.67



	N II
	5666.63



	N II
	5676.02



	N II
	5679.56



	N II
	5686.21



	N II
	5710.77



	N II
	5931.78



	N III
	3004.03



	N III
	3330.11



	N III
	3342.09



	N III
	*



	*
	3353.98



	*
	3354.32



	N III
	*



	*
	3360.98



	*
	3365.80



	N III
	*



	*
	3365.80



	*
	3367.30



	*
	3374.07



	N III
	*



	*
	3754.62



	*
	3757.65



	*
	3762.60



	N III
	*



	*
	3771.05



	*
	3771.36



	N III
	3792.97



	N III
	3938.52



	N III
	3942.88



	N III
	*



	*
	3998.63



	*
	4003.58



	N III
	4097.33



	N III
	4103.39



	N III
	4195.70



	N III
	4200.02



	N III
	4215.77



	N III
	4318.78



	N III
	*



	*
	4318.78



	*
	4321.22



	*
	4325.43



	*
	4327.88



	N III
	*



	*
	4332.91



	*
	4337.01



	N III
	*



	*
	4345.68



	*
	4345.81



	*
	4351.11



	N III
	*



	*
	4514.86



	*
	4518.91



	N III
	4523.56



	N III
	4530.86



	N III
	4534.58



	N III
	4547.30



	N III
	*



	*
	4589.18



	*
	4591.98



	N III
	4634.14



	N III+ He II&Hβ
	*



	*
	4858.82



	*
	4861.22



	*
	4867.15



	N III
	4873.10



	N III
	4884.14



	N III
	*



	*
	5260.86



	*
	5270.57



	*
	5272.68



	*
	5282.43



	N III
	*



	*
	5297.75



	*
	5298.95



	N III*
	



	*
	5314.35



	*
	5320.32



	*
	5327.18



	N III
	*



	*
	5817.79



	*
	5820.57



	N III
	5847.94



	N III
	5954.70



	N IV
	*



	*
	3478.71



	*
	3482.99



	*
	3484.96



	N IV
	4057.76



	N IV
	6380.77



	O II
	3759.87



	O II
	3857.16



	O II
	4069.89



	O II
	4072.15



	O II
	4075.86



	O II
	*



	*
	4307.23



	*
	4312.10



	*
	4313.44



	*
	4317.14



	*
	4317.70



	*
	4319.63



	*
	4325.75



	O II
	4349.42



	O II
	4336.87



	O II
	6152.56



	O III
	3340.74



	O III
	3459.48



	O III
	3715.08



	O III
	3757.21



	O III
	3759.87



	O III
	5592.37



	O III
	6507.55



	Ne II
	3323.73



	Ne II
	3327.15



	Ne II
	3388.41



	Ne II
	3406.94



	Ne II
	*



	*
	3416.91



	*
	3417.69



	Ne II
	3542.84



	Ne II
	*



	*
	3565.82



	*
	3568.50



	*
	3571.23



	*
	3574.61



	Ne II
	*



	*
	3643.93



	*
	3644.86



	Ne II
	3664.07



	Ne II
	3694.21



	Ne II
	3709.62



	Ne II
	3713.08



	Ne II
	3727.11



	Ne II
	3766.26



	Ne II
	3777.13



	Ne II
	4150.69



	Ne II
	*



	*
	4217.17



	*
	4219.37



	*
	4219.74



	Ne II
	4250.64



	Ne II
	*



	*
	4290.37



	*
	4290.60



	Ne II
	4379.55



	Ne II
	4397.99



	Ne II
	*



	*
	4409.30



	*
	4412.59



	Ne II
	*



	*
	4428.52



	*
	4428.63



	*
	4430.90



	*
	4431.81



	Mg II
	4242.45



	Mg II
	*



	*
	4481.13



	*
	4481.33



	Mg II
	*



	*
	5916.43



	*
	5918.16



	Mg II
	5928.23



	Mg II
	*



	*
	6346.74



	*
	6346.96



	Al III
	3601.63



	Al III
	4149.96



	*
	4159.91



	*
	4149.96



	*
	4150.17



	Al III
	*



	*
	4479.83



	*
	4479.97



	Al III
	4512.57



	Al III
	5722.73



	Al III
	5696.60



	Si III
	3486.91



	Si III
	3791.41



	Si III
	3806.54



	Si III
	3924.47



	Si III
	4552.65



	Si III
	4567.87



	Si III
	4574.78



	Si III
	4716.66



	Si III
	4813.39



	Si III
	4819.72



	Si III
	5739.73



	Si IV
	3773.15



	Si IV
	4088.86



	Si IV
	4116.10



	Si IV
	4212.41



	Si IV
	4314.10



	Si IV
	4631.24



	Si IV
	4654.32



	Si IV
	4950.11



	P IV
	3347.74



	P IV
	3364.47



	P IV
	4249.66



	P IV
	4728.37



	P V
	5122.19



	S III
	3632.02



	S III
	3662.01






Notes. The profiles of some spectral lines were calculated together, either because they are closely blended lines or resolved multiple lines, for which no lines from other species intervene (e.g. Ne II, 3643.93/3644.86 Å, see Fig. 6). The wavelengths of such “combined” lines are marked by asterisks.
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