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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. Fremat (ROB), M. Van der Swaelmen (INAF) + 69 co-authors/observers
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http://www.royer.se/melchiors.html

Observed spectral libraries

Library N. Ngp  Apin Admar  Resolution Reference
Gunn & Strycker 175 313 1080 200 Gunn & Stryker (1983)
Silva & Cornell T2 351 893 550 Silva & Cornell (1992)
James 83 350 750 800 James (2013)
Kitt-Peak 161 351 742 1000 Jacoby et al. (1984)
Pickles 131 115 2500 1000 Pickles (1998)
NGSL 378 167 1025 1000 Gregg et al. (2006)
SDSS-MaStar 3321 8646 362 1035 1800 Yan etal. (2019)
STELIB 249 320 930 2000 Le Borgne et al. (2003)
MILES 985 352 750 2000 Falcon-Barroso et al. (2011)
SDSS-BOSS 324 365 1020 2000 Kesselietal. (2017)
Diaz et al. 106 790 910 2300 Diaz et al. (1989)
MUSE library 35 480 930 3000 Ivanov etal. (2019)
Indo-US 1273 RETS 946 5000 Valdes et al. (2004)
XSL 683 830 350 2480 10000 Gonneau et al. (2020); Verro et al. (2022)
| ELODIE 1388 1962 390 680 42000 Prugniel & Soubiran (2001, 2004); Prugniel et al. (2007) |
FGKM library 404 499 641 60000 Yeeetal. (2017)
Gaia-FGK 34 71 300 1020 80000 Blanco-Cuaresma et al. (2014)
| UVES-POP 394 RRN) 80000 Bagnulo et al. (2003) |
MELCHIORS 2043 3256 380 900 85000 This work




HERMES fibre-fed spectrograph at Mercator telescope in La Palma

Mercator teIescOpe HERMES spectrograph

The spectrograph characteristics (Raskin+ 2011):

* Limiting visual magnitude ~12

« Wavelengths coverage from 3800 to 9000 A

* 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
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Detector 2048 by 4608 pixels
with anti-reflective coating

The spectrograph reduction pipeline:

* bias correction

* background substraction
 flat-field correction

e cosmic ray clipping

* spectral order merging
« wavelength calibration

e barycentric correction
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Additional data reduction I: instrumental response correction
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14 calibrators from 7000 to 15000 K are used.

w

» Calibrator observed spectrum (flat-field corrected and
atmospheric extinction and telluric corrections)
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* Calibrator model from GSSP (Tkachenko 2015)

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

| I I I [ I 1 I I | I I | 1 I | 1 I I 1

The density of knot points used to fit the spline is chosen
locally depending on the complexity of the response.
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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
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—— No telluric correction

—— After molecfit
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Two corrections:

* Atmospheric extinction
(continuous scattering)
wavelength dependent

e Telluric absorptions
(molecular absorption by H,O, O, etc.)
Using Molecfit
(Smette+ 2015, Kausch+2015)



Additional data reduction Ill: 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
e Computation of the d score:d=p—n
. (always = 1)
. (always < 1)
* Remove of flux densities below the polynomial function

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

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




Additional data reduction Ill: normalisation
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Library content: overview |

B-V

2042 stars with 0 > -30°and V <12

80% complete forV <4

e Median S/N ~ 200 in V band

Number of spectra
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Library content: overview Il
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Spectral type

Melchiors include 3256 spectra for all spectral types and luminosity classes
but biased toward:

« early spectral types

* high luminosity classes



Library content: the solar spectrum
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Comparison on Arcturus (K1.5111): UVES-POP
https://www.eso.org/sci/observing/tools/uvespop/interface.htmi
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https://www.eso.org/sci/observing/tools/uvespop/interface.html
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Comparison on Arcturus (K1.5111): Melchiors
https://www.royer.se/melchiors/melchiors_table.html
327245 -- NAME ARCTURUS -- K1.5llIFe-0.5

STDNIGHT True

0.2

—— flux_irc: instrument resp. corr.
—— flux_tac: telluric abs. corr.
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Summary

* Melchiors: new homogeneous and large observed spectral library of stars with & > -30°

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

Melchiors

* Spectral range : [3800, 9000] A, resolving power: 85000
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* 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

Browse, quick-look and downloads



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

Backup — Melchiors spectral library
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The Melchiors spectral library

* Access:
* www.royer.se/melchiors.html
* Will also be available at CDS

* Content:
e 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
e The models of the calibration stars

* The meta-data information:
e For the spectral library: observation + Simbad information
e For the calibration spectra

* Cross-match table with Gaia DR3 .


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

The Melchiors spectral library: the web interface

Melchiors

Information and bulk downloads: see here

Quick-look and individual downloads:

obsid./
quick TARGET starname airmass
look

HD 1404 NSV 118 A2V 00:18:19.70 36:47:06.79 307233 fits.pz
HD 1404 NSV 118 A2V 00:18:19.70 36:47:06.79 307234 fits.pz
HD 224893 HIP 124 . ABII 00:01:37.00 61:13:22.12 307238 fits.gz
HD 1843 HIP 1844 K7V 00:23:19.50 62:18:50.62 307337 fits.gz
HD 15588 HIP 11622 AS/THI 02:29:55.40 -22:40:59.52 307340 fits.gz
HD 224893 HIP 124 . ABII 00:01:37.00 61:13:22.12 307451 fits.gz
HD 224893 HIP 124 . ABII 00:01:37.00 61:13:22.12 307452 fits.gz
HD 123 V* V640 Cas . G3V+G8V 00:06:15.80 58:26:12.19 307453 fits.gz
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Library content: overview Il

1 total
binaries

HD 88639, HD 89254, HD 148478

HD 82621, HD 224893
HD 19356, HD 89021

HD 432, HD 89025

j HD 46573
:| HD 188001

5 10 15 20
Number of spectra

50% of stars have at least 2 spectra

25% of stars are binaries

* 4 583 Star

PM* - 543 High proper-moation Star

SB* 227 Spectroscopid binary

*¥ 4 196 Double or fnultiple star

LP* 84 [ong-period variable star

V* 4 75| Variable Star

dS* 47 Variable Star of delta Sct type
EB* 42 Eclipsing binary
Be*{ | 30BeStar

LP?{ | 23 Long Period Variable candidate
bC* :l 22 Variable Star of beta Cep type
62*-] 17 Variable Star of alpha2 CVn type
s*b1{] 15 Blue supergiant star
RS* } 14 Variable of RS CVn type
Em*- 13 Emission-line Star
BY*{] 11 variable of BY Dra type
Pu*{| 10 Pulsating variable Star
Ro*{] 8 Rotationally variable Star
RG*{] 8 Red Giant Branch star
Er*{] 8 Eruptive variable Star
Pe*{ 7 Peculiar Star
S*4  7sstar
AB*4 6 Asymptotic Giant Branch Star (He-burning)
Y*0O 1 6 Young Stellar Object
Mi* A 4 Variable Star of Mira Cet type
gD*+ 4 Variable Star of gamma Dor type
HB* 4 Horizontal Branch Star
WR* 4 Wolf-Rayet Star
Ce*4 3 Cepheid variable Star
cC*+ 3 Classical Cepheid (delta Cep type)
C* 3 Carbon Star
Or* 2 Variable Star of Orion Type
s*r 2 Red supergiant star
sg* 1 2 Evolved supergiant star
Ae* 2 Herbig Ae/Be star
TT*4 1 T Tau-type Star
s*y 1 1 Yellow supergiant star
HXB 1 1 High Mass X-ray Binary
LM* 1 1 Low-mass star (M<1solMass)
mul 1 Composite object
El* 1 Ellipsoidal variable Star
V*7 1 1 Star suspected of Variability
Sy*1 1 Symbiotic Star
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Library content: overview Il
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Theoretical atmospheric extinction on La Palma
as a function of wavelength and airmass

Vertical Extinction {mag airmass-!)

b i T T T l. T T
Calculated Afmospheric Extinction af the
Rogue de los Muchachos Observatory.
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Spectral type effects
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Luminosity effects
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Spectral types and luminosity classes of the Melchiors spectral library

WR O B A F G K M §/C Total

\% 0 29 129 123 151 90 50 3 0 575
IV O 14 103 107 67 73 25 0 0 389
I 0O 20 109 72 60 107 132 107 1 608

II 0O 9 46 24 24 37 350 9 0 199

| 0 19 15 5 4 3 5 p) 0 53
N/A 4 4 24 18 37 23 47 54 7 218
Total 4 95 426 349 343 333 309 175 8 2042
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Variability of the instrumental response function

std. dev. Global
—— std. dev. Subsequent Responses

6000 7000
Wavelength [A]

Fig. 5. Red: standard deviation of the ratio between subsequent re-
sponses derived for our programme indicative of the additional uncer-
tainty on the low-frequency components of the continuum for the stars
with sToNIGHT=0. grey: standard deviation computed over all responses,
regardless of their acquisition time (see text for details).
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