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        Information content of low-resolution spectra for a B star. Each panel shows the gradient spectrum ∇l : = ∂fλ/∂l with respect to different labels, l, derived from finite differencing of Kurucz model spectra (black) at Teff = 18 000 K, log g = 4.0, [Fe/H] = 0, and vsin i = 100 km s−1. The gradient spectra generated from HOTPAYNE are overplotted in red, illustrating the robustness of HOTPAYNE: the good agreement to the Kurucz model suggests that HOTPAYNE determines the labels from the relevant features instead of harnessing the astrophysical correlations. For Teff, vmic, vsin i, and NHe/Ntot, the gradient spectra are multiplied by 1000 K in Teff, 5 km s−1 in vmic, 20 km s−1 in vsin i, and 0.05 in NHe/Ntot for better visibility. This figure shows that the diagnostic signatures of label changes are widely distributed across the optical spectral range. Nonetheless, most spectral features are subtle due to LAMOST’s spectral resolution and the high effective temperature of the star: most abundance signatures are at the 1% level, even for abundance changes of 1 dex. Useful information about hot stars can only be extracted from a global fit to the spectrum and a careful spectral modeling.

      

    

  
    
      Fig. 5 
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        Correlation coefficients among the stellar label estimates, predicted by the CR bound calculation (see Eq. (3)). These correlations were derived for the spectrum of a fiducial B-type star with Teff = 18 000 K, log g = 4.0, [Fe/H] = 0, and vsin i = 100 kms−1. Prominent among the correlations are those between estimates of Teff and log g, and between NHe/Ntot and both Teff and log g. The nontrivial correlations suggest that most spectral features are somewhat blended and thus call for a simultaneous fit of all pertinent labels to the entire spectrum.

      

    

  
    
      Fig. 7 
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        Precision of the HOTPAYNE label estimates as a function of Teff. Plotted are the differences (residuals) between the labels from HOTPAYNE and the true values for a test set of Kurucz model spectra with S/N ~ 100, color-coded by the true values. The numbers marked in the figure are the dispersion derived from a Gaussian fit to the residuals. The precision of the HOTPAYNE label determination varies with Teff and [X/H]. For metal-poor stars of [X/H] < −1 dex, the [X/H] estimates may suffer large uncertainties. However, we note that in the real case of the LAMOST survey, we do not expect there to be many hot stars with such low metallicities.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Label differences between repeat observations as a function of S/N for stars with Teff > 10 000 K. Only repeat observations carried out on different observation nights and with S/N differences of less than 20 percent are adopted. The x axis shows the mean S/N of the repeat observations. The solid lines in red show the median differences as well as the standard deviations at different S/N. The numbers marked in the figure are precision (the scatter divided by [image: equation], i.e., assuming both stars contribute equally) for stars with S /N < 50, 50 < S/N < 100, and S /N > 100, respectively.

      

    

  
    
      Fig. 11 
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        Comparison of labels between the HOTPAYNE estimates and high-resolution spectroscopic results for our reference stars. For all the dots in black, the spectra are collected from the ESO archive (Table3) and degraded to the LAMOST resolution for stellar label determination with HotPayne. For these stars, the literature labels are adopted from Przybilla et al. (2006, 2010), Nieva & Przybilla (2012), and Haucke et al. (2018). Open squares represent the SPB stars of Gebruers et al. (2021), which have LAMOST observational counterparts. The Gebruers et al. (2021) high-resolution spectroscopic labels of these SPB stars are derived using LTE-based model spectra. The HOTPAYNE estimates show good agreements with the literature values. For stars with Teff > 25 000 K, the LTE-based estimation with HOTPAYNE underestimates the Teff due to NLTE effects. Similarly, the log g for supergiants (log g < 2) are overestimated due to the differences between the LTE and NLTE modeling.

      

    

  
    
      Fig. 12 
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        Difference (LAMOST minus literature) between stellar labels estimated from the LAMOST R ~ 1800 spectra with HOTPAYNE and the literature values deduced from high-resolution spectroscopy for the reference stars, as a function of Teff. The symbols have the same meanings as in Fig. 11. The differences are likely dominated by the differences between the LTE (this study) and NLTE modeling. See the text for details.

      

    

  
    
      Fig. 13 
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        Stellar number density distribution in the Kiel (Teff–log g) diagram. Only 211 245 stars with S /N > 30 are shown. Also shown in the figure are the MIST stellar evolution tracks (Paxton et al. 2011; Choi et al. 2016) with [Fe/H] = –0.5 and V/Vc = 0.4. The initial stellar masses of the tracks are marked (in unit of M⊙). The stars with log g > 5 and log Teff > 4.2 are hot subdwarfs. The vertical stripe at log Teff ~ 4.0 is an artifact for chemically peculiar stars (e.g., Ap/Bp stars and Am stars) whose log g have been underestimated as a consequence of masking the hydrogen lines for label determination.

      

    

  
    
      Fig. 14 
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        Stellar distribution in the Teff–MKs diagram color-coded by log g (left) and vsin i (right). Only 194724 stars with good spectral S/N (S/N > 30) and good parallax (ω/σω > 5) are shown. The expected correlation between log g with MKs at a given Teff demonstrates the robustness of the spectroscopic log g estimates. The stars with Teff ≳ 20 000 K and MKs ~ 5 mag are hot subdwarfs. In the left panel, a maximal log g value of 5 is displayed in the color bar, and all stars with log g > 5 are shown with the same color as log g = 5 (dark blue).

      

    

  
    
      Fig. 15 
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        Observed and de-reddened (BP–RP) color as a function of effective temperature. Only stars with spectral S/N > 30 are shown. The left panel shows the observed (BP–RP) color vs. Teff, with the stars color-coded by Galactic latitude as a rough proxy for the expected dust reddening. The gray line delineates the MIST isochrones’ prediction for (BP–RP) color as a function of Teff for ZAMS stars with initial [Fe/H] = 0. This panel illustrates that our sample stars in low Galactic latitudes suffer from a large reddening effect, leading to much redder colors than stars at high Galactic latitudes. The right panel shows (BP–RP)0, the de-reddened color, based on the 3D reddening map of Green et al. (2019), with the stars sorted and color-coded by log g. The panel illustrates that such de-reddened colors qualitatively agree with the isochrones, but the significant spread in color at any given temperature implies that the photometric colors alone would be too imprecise to estimate Teff robustly for stars above 10 000 K. The very hot stars with little reddening and very high log g are presumably near subdwarf B stars of modest luminosity (see Fig. 14).

      

    

  
    
      Fig. 16 
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        Distribution of vsin i. Top left: histogram of vsin i for the overall sample in this work. Only results from stars with S /N > 50 and log g < 5 are shown. Top right: histogram of vsin i for stars in different Teff ranges, as marked in the figure. Bottom left: stellar number density distribution in the Teff-vsin i plane. The solid line delineates the critical rotation velocity, Vc, as a function of Teff, derived based on the ZAMS MIST isochrones (Choi et al. 2016). Bottom right: stellar number density distribution in the [Fe/H]–vsin i plane. Since we do not impose a prior limit on vsin i, our fit allows for negative vsin i values. A negative vsin i simply means that the star has a small rotation velocity, and the distribution at the negative tail serves as a proxy for the measurement uncertainties.

      

    

  
    
      Table 6 

      Descriptions for the stellar label catalog of LAMOST DR6 hot stars.

      
        


	Field
	Description





	Specid
	LAMOST spectra ID in the format of “date-planid-spid-fiberid”



	Ra
	Right ascension from the LAMOST DR6 catalog (J2000; deg)



	Dec
	Declination from the LAMOST DR6 catalog (J2000; deg)



	Uniqflag
	Flag to indicate repeat visits; uniqflag = 1 means unique star, uniqflag = 2, 3,n indicates the nth repeat visit



	
	For stars with repeat visits, the uniqflag is sorted by the spectral S/N, with uqflag = 1 having the highest S/N



	Star_id
	A unique ID for each unique star based on its RA and Dec, in the format of “Sdddmmss ± ddmmss”



	snr_g
	Spectral signal-to-noise ratio per pixel in SDSS g-band



	rv
	Radial velocity from LAMOST fits header (kms−1)



	rv_err
	Uncertainty in radial velocity (kms−1)



	Teff
	Effective temperature



	Teff _err
	Uncertainty in Teff



	log g
	Surface gravity



	log g_err
	Uncertainty in log g



	vsin i
	Projected rotation velocity



	vsin i err
	Uncertainty in vsin i



	[Fe/H]
	Iron abundance



	[Fe/H] err
	Uncertainty in [Fe/H]



	[Si/H]
	Silicon abundance



	[Si/H] err
	Uncertainty in [Si/H]



	corr_Teff _log g
	Correlation coefficient between Teff and log g, derived from the covariance array of the fit



	corr Teff vsin i
	Correlation coefficient between Teffand vsin i



	corr_Teff _[Si/H]
	Correlation coefficient between Teffand [Si/H]



	corr_Teff _[Fe/H]
	Correlation coefficient between Teffand [Fe/H]



	corr_log g_vsin i
	Correlation coefficient between log g and vsin i



	corr_log g_[Si/H]
	Correlation coefficient between log g and [Si/H]



	corr_log g_[Fe/H]
	Correlation coefficient between log g and [Fe/H]



	corr_vsin i_[Si/H]
	Correlation coefficient between vsin i and [Si/H]



	corr_vsin i_[Fe/H]
	Correlation coefficient between vsin i and [Fe/H]



	corr_[Si/H]_[Fe/H]
	Correlation coefficient between [Si/H] and [Fe/H]



	chisq_red
	Reduced χ2 (i.e., χ2/dof) of the fit



	chi2ratio
	Deviation of the chisq_red from the median value of chisq_red for stars of similar S/N and Teff, divided by the dispersion of the chisq_red



	source_dr6oba
	Target from the LAMOST classification for OBA stars? (1 = ‘YES’, 0 = ‘NO’)



	source_Zari21
	Target from the photometry-based identification of Zari et al. (2021)? (1 = ‘YES’, 0 = ‘NO’)



	source_Liu19
	Target from the OB star catalog of Liu et al. (2019)? (1 = ‘YES’, 0 = ‘NO’)



	gaia_id
	Source ID of Gaia eDR3, matched with the CDS-Xmatch service (Boch et al. 2012) using 3” criterion



	parallax
	Gaia eDR3 parallax



	parallax_error
	Uncertainty in parallax



	pmra
	Gaia eDR3 proper motion in RA direction



	pmra_error
	Uncertainty in pmra



	pmdec
	Gaia eDR3 proper motion in Dec direction



	pmdec_error
	Uncertainty in pmdec



	RUWE
	Gaia eDR3 RUWE



	r_geo
	Geometric distance derived from Gaia parallax by Bailer-Jones et al. (2021)



	r_geo_low
	Distance at 16th percentile of the probability distribution



	r_geo_high
	Distance at 84th percentile of the probability distribution



	fidelity
	Value of fidelity from Rybizki et al. (2022), an identifier for spurious astrometric solutions



	ebv_bayes19
	E(B–V) interpolated from the 3D map of Green et al. (2019) using r_geo



	ebv_pair
	E(B–V) estimated using intrinsic color from synthetic spectra of HotPayne stellar parameters



	ebv_pair_err
	Uncertainty in ebv_pair



	G/BP/RP
	Gaia eDR3 magnitudes



	J/H/K
	2MASS photometric magnitudes



	qual_2MASS
	2MASS photometric quality flag



	W1/W2/W3/W4
	WISE photometric magnitudes



	qual_wise
	WISE photometric quality flag



	var_wise
	WISE varibility flag





      

      
Notes. The catalog is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-bin/cat/J/A+A/662/A66




    

  
    
      Fig. B.1 
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        CR bound for an A-type star with Teff = 9500 K, log g = 4.5, and [Fe/H] = 0. The black dots show the CR bound derived from the full spectra, and the red squares are derived from the spectra after masking the hydrogen lines as described in Sect. 4.5.
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