
    
      Fig. 1 
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        Sketch illustrating the difference between a typical spectrum and a spectrum represented by a linear combination of basis functions. Top panel: typical spectrum, consisting of sampled flux values on a wavelength grid (black symbols) derived from the spectral photon distribution (red line). Central panel: coefficients representing the same data set by a linear combination of basis functions. Black symbols show the noisy representation, red dots the true coefficients. Bottom panel: linear combination of basis functions (black line) and the 1-σ error interval (grey shaded region) as a function of wavelength.

      

    

  
    
      Table 1 

      List of notations used throughout this work.

      
        


	Symbol
	Meaning





	α
	Integral over sl(λ)



	B
	Non-standard companion matrix to c



	c
	Coefficient vector of observational spectrum



	Dk
	Matrix transforming to k-derivative



	ϕ(x)
	Linear combination of Hermite functions



	φn(x)
	nth Hermite function



	Φ(x)
	Vector of values of φn(x), n = 0,…, N − 1



	f (u)
	Observational spectrum



	fc(u)
	Continuum contribution to f(u)



	fl(u)
	Line contribution to f(u)



	g(k)(x)
	kth derivative of a function g(x)



	i
	Vector with integrals of Hermite functions



	λ
	Wavelength



	λL
	Wavelength of a narrow line



	L(u, λ), L(u, u′)
	(pseudo-)line spread function



	N
	Number of coefficients in c



	R(λ), R(u′)
	Response function



	s(λ), s(u′)
	Spectral photon distribution



	sc(λ), sc(u′)
	Continuum contribution to s(λ), s(u′)



	sl(λ), sl(u′)
	Line contribution to s(λ), s(u′)



	Σx
	Covariance matrix for vector x



	u
	Pseudo-wavelength



	u′
	Pseudo-wavelength corresponding to λ



	uE
	Pseudo-wavelength for local extremum



	uL
	Pseudo-wavelength for spectral line



	W
	Equivalent width of a spectral line





      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Empirical cumulative distribution functions for the absolute value of the derivative, normalised to its error, at the roots of linear combinations of Hermite functions, for N = 5 (orange), 55 (red), and 200 (green). The black curve shows the cumulative distribution function for a chi distribution with two degrees of freedom.

      

    

  
    
      Fig. 3 
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        Error-normalised value of the second derivative of the BP spectrum as a function of uE for random spectra consisting of a 2 × 104 K black body continuum and a narrow Hß line with random equivalent width W. The three panels correspond to G-magnitudes of 12m, 15m, and 18m, from top to bottom.

      

    

  
    
      Fig. 5 
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        Distributions of the relative difference between the computed equivalent width (W) and the true equivalent width (Wtrue) of Hβ lines with a 2 × 104 K black body continuum for different assumptions on the line shape (narrow lines, Gaussian, Voigt, and Lorentz profiles) and different computation techniques. Each panel shows the result from 5 × 105 random realisations of a spectrum for G = 12m and ten transits. Positive values in the horizontal axis correspond to Hβ emission, negative values to Hβ absorption. For details see text in Sects. 8.3, 9.3, and 9.4.

      

    

  
    
      Fig. 6 
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        Line width parameter, ω, for the Voigt profiles, as a function of the FWHM of the Gaussian contribution (on the horizontal axis) and the Lorentz contribution (on the vertical axis). The dotted lines indicate iso-contours in FWHM of 10, 20, 30, and 40 nm. See text for details.

      

    

  
    
      Fig. 7 
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        Illustration of the positions of local extrema in the first derivative (top panel) and second derivative (bottom panel) for a simulated Hβ line with a 6000K black body continuum. See text for details.

      

    

  
    
      Fig. 8 
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        Distribution of the difference between true and derived equivalent width for simulated weak and narrow Hβ lines. See Sect. 10 for details.

      

    

  
    
      Table 2 

      Line, XP instrument (BP or RP), position in pseudo-wavelength (uE), and shift with respect to expected line position (Δu), wavelength (λe) for the local extrema, line width parameter, ω, estimated equivalent width (W), and p-value for the lines in the XP spectra of individual sources analysed in this work.

      
        


	Line
	XP
	ue
	Δu
	λe (nm)
	ω
	W (nm)
	p





	Gaia DR3 505171240162594560 (IRAS 02058+5719)



	




	Hα
	RP
	16.034 ± 0.037
	0.127
	657.34 ± 0.25
	0.984 ± 0.030
	2.35 ± 0.19
	1.000



	Hβ
	BP
	24.466 ± 0.093
	0.100
	485.20 ± 1.01
	1.062 ± 0.106
	–1.13 ± 0.32
	1.000



	Hγ
	BP
	29.927 ± 0.073
	–0.139
	435.25 ± 0.57
	1.229 ± 0.154
	–0.98 ± 0.26
	1.000



	Hδ
	BP
	33.206 ± 0.057
	–0.242
	411.86 ± 0.37
	0.972 ± 0.036
	–1.47 ± 0.28
	1.000



	




	Gaia DR3 426306363477869696 (HT Cas)



	




	He I (706.7 nm)
	RP
	21.841 ± 0.333
	–0.458
	702.95 ± 2.70
	0.76 ± 0.12
	0.55 ± 2.31
	0.420



	Ha
	RP
	16.005 ± 0.048
	0.098
	657.14 ± 0.33
	1.004 ± 0.050
	12.09 ± 1.89
	1.000



	He I (587.7nm)
	BP
	16.932 ± 0.550
	–0.621
	586.25 ± 10.10
	0.65 ± 0.25
	1.51 ± 2.26
	0.270



	Hβ
	BP
	24.319 ± 0.086
	–0.048
	486.80 ± 0.93
	0.961 ± 0.078
	6.93 ± 1.61
	1.000



	He I (447.3 nm)
	BP
	27.816 ± 0.274
	–0.624
	452.67 ± 2.40
	0.764 ± 0.079
	2.17 ± 1.40
	0.700



	Hγ
	BP
	29.706 ± 0.161
	–0.360
	436.98 ± 1.27
	0.858 ± 0.077
	5.86 ± 1.99
	0.969



	Hδ
	BP
	33.067 ± 0.169
	–0.380
	412.77 ± 1.12
	0.859 ± 0.091
	5.65 ± 2.01
	0.957



	Hϵ
	BP
	35.768 ± 0.126
	0.174
	396.12 ± 0.73
	0.833 ± 0.048
	3.30 ± 0.89
	0.978



	




	Gaia DR3 2067888218857234304 (BD +41 3807, ALS 11438)



	




	770 nm DIB
	RP
	28.968 ± 0.105
	–0.303
	766.92 ± 1.04
	1.15 ± 0.16
	–1.38 ± 0.55
	1.000





      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Comparison of the equivalent widths of the Hα line for CALSPEC stars, derived from Gaia RP spectra, WRP, and from CALSPEC spectra, WCALSPEC. Top panel: Results obtained with the narrow line approximation. Bottom panel: Results for assuming a Lorentz line profile. The colour scale gives the FWHM of the lines, as measured in CALSPEC spectra, and it is the same for both panels.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Ha and Hβ equivalent widths against the effective temperature for the three open clusters NGC 3114, Mel 20, and NGC 3532. The colour scale shows the p-value and is common to all panels. Circles correspond to extrema in the zero derivative. Triangles correspond to the extrema in the second derivative.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Analysis of hydrogen Balmer and He I lines for Gaia DR3 426306363477869696. As in Fig. 9, the wavelengths increase from right to left for BP (upper panel) and from left to right for RP (bottom panel).

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Example for the analysis of the broad interstellar band at 770 nm for source Gaia DR3 2067888218857234304. The nominal band position is indicated by dashed lines, the shaded regions indicate the range in pseudo-wavelength within which a local extremum is considered to be in agreement with the status of the band. The black curve shows the XP spectra and the red curve shows the continuum model. The black dot indicates the positions of local extrema in the second derivative.
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