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Two categories of stellar spectroscopists

The "Ultimate Refiners" and the "Broad Sweepers"
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Spectroscopic stellar parameters
and chemical abundances
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The Gaia FGK Benchmark Stars

Library of high resolution and high signal to noise ratio stellar spectra.

The Gaia FGK Benchmark Stars are a common set of calibration stars, covering different regions of the HR diagram and spanning a wide range in metallicity. We

have created a homogeneous library in the visual range (480-680 nm) of high resolution and signal to neise ratio (S/N) spectra corresponding to the 34 Benchmark
£ /{"2 stars and 5 metal-poor candidates. The library provides a powerful tool to assess spectral analysis methods and cross-calibrate spectroscopic surveys. The latest

version of the spectra can be downloaded from this site or directly from the FTP. We thank you to cite Blanco-Cuaresma et al. (2014) whenever this library is used.

The star selection and the reference parameters improve and evolve with time. Here you can find the list of articles on Gaia FGK benchmark stars:
Gaia FGK benchmark stars: Ef empera and surface gravities. Heiter et al. 2015, A&A 582, A49.
Il. The Gaia FGK benchmark stars. High resolution spectral library. Blanco-Cuaresma et al. 2014, A&A 566, A98.
1ll. Gaia FGK benchmark stars: Metallicity. Jofré et al. 2014, A&A 564, A133
IV. Gaia FGK benchmark stars: abundances of alpha and iros k elements. Jofré et al. 2015, A&A 582, AB1
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Benchmark stars, benchmark spectrographs
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ESPRESSO spectra:
perfect to study effects of ‘spectra reduction’
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ESPRESSO spectra:
perfect to study effects of ‘spectra reduction’

II'||’|'|I

EOL AAAN ANAANTY

Pepe et al. (2021) l\ |'i! 1111 |I||!;:
1l |

BLUECAMERA RED CAMERA \ i 11
|

0‘*}‘ a
B CROSS-DISPERSER e R CROSS-DISPERSER ? -
- |

t |‘
COLLIMATOR PUPILSLICER 1§ |
B COLLIMATOR R COLLIMATOR L

i DRCROMC
FIELD LENS - I|'-

M FIELD MIRROR

e T | zz\
I i1 i, i l‘
MAIN COLLIMATOR :: ::

il i
ECHELLE




ESPRESSO spectra:
perfect to study effects of ‘spectra reduction’
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ESPRESSO echelle orders for a solar spectrum.




Line parameters Iin different echelle orders

Line parameters measured automatically
with ARES (Sosua et al. 2015)
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Relatively good agreement between the line parameter measurements. Some trends,
mostly related to the line measurement technique.




Line parameters in S1D vs S2D spectra

Line parameters measured automatically
with ARES (Sosua et al. 2015)
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Relatively good agreement between the line parameter measurements. Some trends,
mostly related to the line measurement technique.



Solar spectra
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Comparing the line parameters
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FWHM as measured on each
spectrograph is expected to
scale with resolution.

Where the difference between PEPSI
and ESPRESSO comes from?

e spectral sampling
* resolution changes within the order and
with wavelength



Stellar parameters
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The three spectrographs give
consistent results, but
sometimes very different from
the reference values.
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Summary of conclusions

Spectral lines observed in multiple echelle orders. Our re-
sults suggest that on average, the EWs of spectral lines mea-
sured from different spectral orders agree well. However, we
found an offset between the FWHM and depths of the spec-
tral lines as measured in adjacent orders. We interpret this
as a consequence of the variation in spectral resolution with
wavelength for each echelle order.

Spectral lines measured from the S1D and S2D spectra.
By measuring the EWs of spectral lines from the 1D and
2D spectra, we found an average difference of ~0.6% with
a scatter that is slightly larger than the offset. The observed
offset is larger for spectral lines that were observed in mul-
tiple orders (these lines are usually located farther from the
center of the spectral order) than for lines that are located in
only a single order. Our comparison of these measurements
with the manual EW measurements of Sousa et al. (2008)
based on the solar Kurucz atlas suggests a better agreement
for the 1D spectra. This result may mean that a single mea-
surement of spectral lines from combined (after combining
the echelle orders and two slices) 1D spectra is preferable
to simply averaging multiple measurements of spectral lines
from different orders and slices in 2D spectra.
Spectrum-to-spectrum scatter. We compared the line pa-
rameters measured from five individual 1D spectra and found
that the measurements agreed very well. The average scatter
in EW is 0.35+0.15 mf&, which is very close to the aver-
age statistical photometric error for EWs estimated (Cayrel
1988) for the quality of the used spectra.

Solar atmospheric parameters and chemical abundances.
Using the EW measurements of the lines from the five S1D
spectra, we determined the stellar parameters and chemical
abundances of a few refractory elements. Our results show
an excellent agreement between the parameter and abun-
dance determinations. A scatter of only 9 K for T, 0.01
dex for log g, and 0.005 dex for [Fe/H] is measured. The ob-

— Individual versus combined spectra. Our comparison

of the solar atmospheric parameters and chemical abun-
dances determined from the combined and individual S1D
ESPRESSO spectra showed very consistent results. We also
note that the uncertainties in the parameters and abundances
(for the elements with several available spectral lines) do
not decrease for the combined ESPRESSO spectrum when
compared with those based on the individual, lower S/N
ESPRESSO spectra. This result suggests that below given
values, the precision is mostly dominated by the uncertain-
ties in the atomic data of spectral lines, uncertainties in the
model of atmospheres, our assumption of a Gaussian profile
for the spectral lines, and/or the process of combining the
individual spectra. However, it is important to note that for
elements with only one or two weak lines, the increase in
S/N is very important (see, e.g., Adibekyan et al. 2016, for
the case of oxygen lines).

ESPRESSO - PEPSI - HARPS: spectral line measure-
ments. The comparison of the EW measurements based
on the spectra of these three spectrographs showed a good
agreement. The average relative difference in EW varied
from 0.03£0.5% (for § Gem, between ESPRESSO and
PEPSI) to 1.7£1.7% (for HD22879 between ESPRESSO and
PEPSI). While the EWs seems to be conserved when line pa-
rameter measurements are made, our results show that the
lines appear deeper in ESPRESSO spectra than in PEPSI
and HARPS. The largest difference in line depth between
ESPRESSO and PEPSI is about 3% and about 9% when
ESPRESSO is compared with HARPS. The largest differ-
ences, as expected, are observed for the stars with intrinsi-
cally narrow spectral lines where the effect of the spectral
resolution is more apparent. While the observed difference
between ESPRESSO and HARPS is expected because of the
difference in spectral resolutions, the discrepancy between
ESPRESSO and PEPSI results is still to be understood.
ESPRESSO - PEPSI - HARPS: stellar parameters. The
good agreement in EW measurements between the different
spectra resulted in consistent stellar parameters. The differ-
ences range from 2 to 82 K in T, from 0.002 to 0.256 dex
in log g, and from 0.004 to 0.052 dex in [Fe/H].




* The three spectrographs can deliver results that are
sufficiently consistent for most of the science cases in
stellar spectroscopy

* There are small but important differences in the
performance of these three spectrographs that can be
crucial for specific science cases

http://www.astro.up.pt/~vadibekyan/benchmark-espresso.htm
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ESPRESSO ultra-high resolution (R ~ 220'000) 1D spectra for the Gaia Benchmark stars (Adibekyan et al. 2020)



Resolution and

wavelength matters!

Credits: NASA/SDO/Goddard Space Flight Center
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