
Melchiors: a new library of 2000 stars with high-spectral fidelity

P. Royer (KUL), T. Merle (ULB/ROB), K. Dsilva (ULB), S. Sekaran (KUL), H. Van Winckel 
(KUL), Y. Frémat (ROB), M. Van der Swaelmen (INAF) + 69 co-authors/observers

Submitted to A&A   

www.royer.se/melchiors.html

http://www.royer.se/melchiors.html


2

Observed spectral libraries
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HERMES fibre-fed spectrograph at Mercator telescope in La Palma 

Mercator telescope HERMES spectrograph
Detector  2048 by 4608 pixels 

with anti-reflective coating

The spectrograph characteristics (Raskin+ 2011):

● Limiting visual magnitude ~12
● Wavelengths coverage from 3800 to 9000 Å 
● Resolving power of 85000
● 2.5 arcsec octagonal fibre equipped with an image slicer
● optimised for high efficiency

Melchiors spectral library is the result of the filler 
program by Pierre Royer running from 2010 to 2020

The spectrograph reduction pipeline:

● bias correction
● background substraction
● flat-field correction
● cosmic ray clipping
● spectral order merging
● wavelength calibration
● barycentric correction
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Additional data reduction I: instrumental response correction

14 calibrators from 7000 to 15000 K are used.

● Calibrator observed spectrum (flat-field corrected and 
atmospheric extinction and telluric corrections)

● Calibrator model from GSSP (Tkachenko 2015)

● Instrumental response function 
● ratio of the observed/model
● smooth version using median filter
● Spline function using knot points

The density of knot points used to fit the spline is chosen 
locally depending on the complexity of the response.

Then all the spectra of a night are divided by the effective 
instrumental response function.
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Additional data reduction II: atmospheric extinction and telluric corrections

Two corrections:

● Atmospheric extinction 
(continuous scattering)
wavelength dependent

● Telluric absorptions 
(molecular absorption by H2O, O2, etc.)
Using Molecfit 
(Smette+ 2015, Kausch+2015)
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Additional data reduction III: normalisation

The method is conceptually similar to a sigma-clipping process.

High-order polynomials are flexible enough on 
instrumental response corrected spectra

Brute force approach

For a given order (from 0 to 40): 
● fit a polynomial on flux densities
● Division of the spectrum by this polynomial
● Computation of the d score: d = p – n  

● p is the median of the flux densities above 1 (always ≥ 1)
● n is the median of the flux densities below 1 (always ≤ 1)

● Remove of flux densities below the polynomial function 

The best score d, dbest, is taken as the minimum score d, 
reflecting the best normalising function

+ a minimum sampling density over the 5200 Å 
(at least 1 sample per 10 Å)   

1

p
1
n
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Additional data reduction III: normalisation

B2V

G5III
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Library content: overview I

● 2042 stars with δ > −30° and V ≤ 12

● 80% complete for V ≤ 4

● Median S/N ~ 200 in V band 
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Library content: overview II

Melchiors include 3256 spectra for all spectral types and luminosity classes
but biased toward: 
● early spectral types
● high luminosity classes
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Library content: overview II
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Library content: overview III

MELCHIORS

UVES-POP
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Library content: overview III

50% of stars have at least 2 spectra

25% of stars are binaries
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Melchiors: luminosity effects
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Melchiors: the solar spectrum
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Comparison on Arcturus (K1.5III): UVES-POP
https://www.eso.org/sci/observing/tools/uvespop/interface.html

Hα

https://www.eso.org/sci/observing/tools/uvespop/interface.html
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Comparison on Arcturus (K1.5III): Melchiors
https://www.royer.se/melchiors/melchiors_table.html

https://www.royer.se/melchiors/melchiors_table.html
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What can you find on in Melchiors
● Access:

● www.royer.se/melchiors.html
● Will also be available at CDS

● Content:
● The spectral library itself:

● Wavelengths
● Normalized flux densities
● Telluric absorption and instrument response corrected flux densities
● Raw flux densities (output of the HERMES pipeline)

● The calibration spectra use to derive the instrumental response for every observing night

● The models of the calibration stars

● The meta-data information:
● For the spectral library: observation + Simbad information
● For the calibration spectra
● Cross-match table with Gaia DR3

● Web interface: quick-look view and filtering possible

http://www.royer.se/melchiors.html
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The Melchiors spectral library: the web interface
https://www.royer.se/melchiors/melchiors_table.html

https://www.royer.se/melchiors/melchiors_table.html
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Summary

● Melchiors: new homogeneous and large observed spectral library of stars with δ > −30°

● 3256 spectra of 2043 stars (including the Sun) of all spectral types and luminosity classes

● Spectral range : [3800, 9000] Å, resolving power: 85000

● Median S/N ~ 200 in V band

● The sample is 80% complete for V < 4 and reaches V~12

● Paper (Royer, Merle et al. submitted) under revision
 
but spectral library already available at: www.royer.se/melchiors.html
 

http://www.royer.se/melchiors.html
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Backup – Melchiors spectral library
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Best d score versus B-V
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Theoretical atmospheric extinction on La Palma
as a function of wavelength and airmass
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Spectral type effects
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Variability of the instrumental response function
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