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Pulsating variable stars and large spectroscopic surveys
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Abstract. In the past decade, the research of pulsating variable stars has taken a giant
leap forward thanks to the photometric measurements provided by space missions like
MosTt, CoRoT, Kepler/K2, and Brite. These missions have provided quasi uninterrupted
photometric time-series with an ultra-high quality and a total length that is not achiev-
able from Earth. However, many of the success stories could not have been told without
ground-based spectroscopic follow-up observations. Indeed, spectroscopy has some im-
portant assets as it can provide (more) accurate information about stellar parameters (like
the effective temperature, surface gravity, metallicity, and abundances that are mandatory
parameters for an in-depth asteroseismic study), the radial velocity (that is important for
the detection of binaries and for the confirmation of cluster membership, if applicable),
and the projected rotational velocity (that allows the study of the effects of rotation on pul-
sations). Fortunately, several large spectroscopic surveys are (becoming) available that
can be used for these purposes. For some of these surveys, sub-projects have been initi-
ated with the specific goal to complement space-based photometry. In this review, several
spectroscopic surveys are introduced and compared with each other. We show that a large
amount of spectroscopic data is (becoming) available for a large variety of objects.

1 Introduction

How can large spectroscopic surveys help the research of pulsating variable stars? Or, in other words,
are they useful for the gathering of the required input for in-depth asteroseismic studies? A first re-
quirement for asteroseismology is the observation of a large number of pulsation frequencies. Each
pulsation frequency reveals information of a specific internal layer. So the more pulsation frequencies
can be observed, the more complete the fingerprint of the stellar interior will be. Therefore, there is a
need for time-series of high-quality data (to detect low amplitude variations) with a sufficiently long
time-base (to cover the beat periods) in photometry (brightness variations) and/or in spectroscopy (ra-
dial velocity and/or line-profile variations). Space-based observations from past and ongoing missions
like Mosrt ([1]), CoROT ([2]), Kepler/K2 ([3, 4]), and BritE ([5]) have already proven their usefulness
and we still have some high hopes for (future) space-missions like Gaia ([6]), Tess ([7]), and Praro
([8]). Ga1a is the only mission from this list that also provides spectroscopic observations.

The second requirement is that the observed pulsation modes need to be identified. It means that
their degree ¢ and azimuthal number m should be known. In the most fortunate cases, quasi-regular
spacings in either frequency (for pressure modes; [9]) or in period (for gravity modes; [10]) can
be detected, making it possible to read the value of ¢ from the ridges in the corresponding Echelle
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diagram (e.g., [10]). However, for most types of pulsating stars, the mode identification needs to be
done by using techniques in multi-colour photometry (determination of £ only; [11]) and/or high-
resolution, high-quality spectroscopy (full identification; [12, 13]). Unfortunately, the data provided
by large spectroscopic surveys are in general not appropriate for this purpose.

The third requirement is that accurate values for stellar parameters like the effective temperature
(“Teg”), surface gravity (“log ¢g”’), metallicity (“[M/H]”), projected rotational velocity (“vsini”), and
chemical abundances are needed to pinpoint the best model amongst those that are fitting the observed
frequency spectrum. All these parameters can already be derived from one spectrum of sufficient res-
olution and quality. Large spectroscopic surveys can be extremely important in this respect. The
resulting accurate position in the Hertzsprung-Russell (H-R) diagram can also be used for the con-
firmation of pulsation class membership or for the detection of new types of pulsating stars (like the
mysterious star OGLE-GD-DSCT-0058; [14]). For some of the pulsation mechanisms, the driving
of the modes heavily depends on the amount of metals that are present in the stellar interior. This is
nicely illustrated by the B8.3 v star KIC10526294 for which only half of the observed gravity modes
are driven in models with standard metal mixtures ([15]). Therefore, the importance of accurate val-
ues for especially the metallicity and chemical abundances must not be underestimated for making
progress in the understanding of the physics of the stellar interior.

Finally, values of the radial velocity (“v,,;”) can give extra useful input for asterseismic modeling.
A few v,,, values could already be sufficient to detect multiple systems. Knowledge of their orbit
can lead to constraints on the mass, the inclination and the distance of the components. A single v,44
value could already be sufficient to confirm cluster membership. As cluster stars are formed from the
same molecular cloud, they all have a common age, composition and distance that can be used in the
asteroseismic investigation. In this respect, large spectroscopic surveys can be a goldmine too.

In what follows, a brief overview of large spectroscopic surveys is given. In this context, a spectro-
scopic survey is considered as large when at least 10 000 objects are observed. Surveys only focusing
on galaxies were omitted. We first present past and currently ongoing surveys (Sect. 2) before intro-
ducing a few surveys that are planned for the coming years (Sect. 3). We end with the summary and
conclusions in Section 4.

2 Past and ongoing large spectroscopic surveys
2.1 Xinglong Observatory (China)

LamosT

The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (Lamost; Table 1; http://www.
lamost.org; [16, 17]) is a new 4-m telescope located in the Xinglong Observatory (China) in the
northern hemisphere. It is a unique instrument that combines a large aperture (4 meter) with a wide
field-of-view (“FoV”; circular region with a diameter of 5 degrees on the sky) that is covered with
4000 optical fibers. It is the ideal tool to obtain spectra with a low spectral resolution (R ~ 1800)
in the optical (370-900 nm) for a large number of objects in a homogeneous and efficient way. The
Lamost ExtraGAlactic Survey (LeGas) and the Lamost Experiment for Galactic Understanding and
Exploration (LeGuE; [18]) were the two initial scientific driving forces for the LamosT project. The sur-
vey aims to observe more than 5 000 000 objects (stars, galaxies and quasars) for which » < 17.8 mag
is a realistic magnitude limit. However, it was soon realized that the observation of the FoV of the
nominal Kepler mission with the Lamost would be a pure scientific goldmine, being a win-win op-
portunity for both communities: it would provide the Kepler community with the data needed for a
homogeneous spectroscopic determination of stellar parameters for objects observed by Kepler while
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Table 1. Characteristics of the large spectroscopic survey conducted at the Xinglong Observatory (XinG; China)
in the northern hemisphere with the 4.0-m Large Sky Area Multi-Object Fiber Spectroscopic Telescope

(LAMoOST).
Name LamosTt
Telescope 4.0-m XING
Fibers #4000
Wavelengths 370-900 nm
Resolution ~1800 (fixed)
Targets >5000 000 stars, galaxies & quasars
(r < 17.8 mag)
Date range 2011-2017

the Lamost community could benefit from high-precision values for stellar parameters for Kepler ob-
jects derived from data obtained elsewhere to calibrate the Lamost results. Therefore, the proposal of
the LamosT-Kepler project ([19]) was well received in 2010 and the first observations for the project
were already done during the test phase of the LamosT in early 2011. The scientific observations of
the pilot survey began on October 24, 2011 while the regular survey started about one year later, on
September 28, 2012. So far, observations on 45 nights have led to 198 727 LamosT spectra of stars
within the Kepler FoV. The 101 086 spectra obtained before October 2014 have been analyzed by
three groups leading to atmospheric parameters and spectral classification for 51 406 and 63 149 stars,
respectively ([20-22]). The accuracy of the derived T.g, log g, and [Fe/H] values amounts to ~3.5 %,
~0.3 dex and ~0.2 dex, respectively. Since the end of 2015, five K2 fields have been observed with
the Lamost. Up to now, 96233 LamosT spectra have been collected and they were used to derive the
stellar atmospheric parameters for 59 213 stars ([23]). The first regular survey of the LamosTt will end
in June 2017. For the next phase, one of the options is to equip the LamosT with medium resolution
spectrographs.

2.2 Apache Point Observatory (New Mexico, USA)

There are several large spectroscopic surveys for which the observations were/are being done from
the Apache Point Observatory (New Mexico, USA; Table 2) in the northern hemisphere. They all use
the 2.5-m Sloan Foundation Telescope having a circular FoV with a diameter of 3 deg (~7 deg?).

SEGUE-1 & SEGUE-2

The Sloan Extension for Galactic Understanding and Exploration (SEGug; Table 2, top left; http:
//www.sdss.org/surveys/segue/) was the first large spectroscopic survey that used this telescope.
It was combined with a spectrograph with 640 fibers to obtain spectra with a resolution of ~2000
with a typical signal-to-noise ratio (“SNR”) of 25 in the optical wavelength range (385-920 nm). The
focus of the first phase (SEGUE-1; [24]) was on the exploration of the structure of the Milky Way by
observing ~240000 stars with a g-magnitude below 19 and covering a surface area of 1438 deg’.
These observations were done in dark and gray time from the winter of 2004 until the winter of 2008.
During the second phase (SEGUE-2), the focus shifted to stars in the halo with distances from 10 to
60kpc. A total of 118 151 stars with g < 19 mag were observed from the winter of 2008 to the fall
of 2009.
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Table 2. Characteristics of the large spectroscopic surveys conducted at the Apache Point Observatory (Apo;
New Mexico, USA) in the northern hemisphere with the 2.5-m Sloan Foundation Telescope and at the Las
Campanas Observatory (Lco; Atacama, Chile) in the southern hemisphere with the 2.5-m Irénée du Pont

Telescope.
Name SEGUE-1 SEGUE-2 MARVELS
Telescope 2.5-m Aro 2.5-m Apo
Fibers #640 #60
Wavelengths 385-920 nm range of 90 nm
(H-band) (center at ~540 nm)
Resolution ~2000 ~5100
Survey Area 1438 deg? 1317 deg?
Targets 240000 stars 118 151 stars ~11 000 main-sequence stars
(g9 < 19mag) (g9 < 19mag) ~1000 giant stars
(8 <V < 12mag)
Date range 2004-2008 2008-2009 2008-2014
Name APOGEE APOGEE-2
Telescope 2.5-m Aro 2.5-m Apo 2.5-m Lco
Fibers #300 #300
Wavelengths 1510-1700 nm 1510-1700 nm
(H-band) (H-band)

Resolution ~22500 ~22500
Targets >100000 giant stars >300000 stars

(H < 12.2mag) (H < 13.5mag)
Date range 2011-2014 2014-2017 2017-2020

MARVELS

The Multi-object Apo Radial Velocity Exoplanet Large-area Survey (MaRvELs; Table 2, top right;
http://www.sdss.org/surveys/marvels/; [25]) combined the 2.5-m Sloan Foundation Telescope
with two interferometric spectrographs with 60 fibers each. It obtained spectra with a spectral resolu-
tion R ~ 5100 with a wavelength range of 90 nm centered at ~540 nm for about 11 000 main sequence
stars and about 1 000 giant stars with a V-magnitude between 8 and 12 mag. For each star, a time-span
of 1.5 years was covered with 25 to 35 spectra from which the v,,, could be determined with a typical
error of 10ms~! at V = 10mag. Such observations are ideal to detect gas giant planets with orbital
periods ranging from several hours up to two years. The observations were done in bright time from
the fall of 2008 until the spring of 2014.

APOGEE & APOGEE-2

For the Apache Point Observatory Galactic Evolution Experiment (ApoGeg; Table 2, bottom left;
http://www.sdss.org/surveys/apogee/; [26]), the 2.5-m Sloan Telescope was combined with a
spectrograph with 300 fibers that is capable of obtaining spectra with a resolution of R ~ 22 500.
It observed the region around the H-band in the near infrared (1.51-1.70 um). These observations in
the northern hemisphere were done in bright time from the spring of 2011 until the spring of 2014. In
total, more than 160 000 red giant stars across the full range of the Galactic bulge, bar, disk, and halo
with a H magnitude below 12.2 were observed. The SNR of the APoGEE spectra is typically above
100. This is sufficient to derive the stellar parameters (T.g, log g, [Fe/H]), the abundances with a pre-
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cision of 0.1 dex for 15 species, and v,44 With an error below 100 ms~'. ApoceE also has a sub-project,

AroKasc ([27]), that focuses on stars within the Kepler FoV. Apart from the APOGEE spectroscopic
parameters, the ApoKasc catalog also lists asteroseismic values for log g, masses, radii, and mean
densities. It is often used as reference work for the quality check of the results of other surveys.

The second phase of the Apache Point Observatory Galaxy Evolution Experiment (APOGEE-2;
Table 2, bottom right; http://www.sdss.org/surveys/apogee-2; [28]) aims to study the assembly
and formation history of the Milky Way. Spectra with the same characteristics and of similar quality
will be obtained for in total more than 300 000 stars in the entire Milky Way. Compared to APOGEE,
the chemical abundance analysis will be extended with 10 species. For planet-hosting stars, the goal
is to find out if their chemical composition differs from the one of stars without planets. APOGEE-2
will last for 6 years and only observes during bright time. The observations started in the northern
hemisphere in the fall of 2014. After three years, the observations will turn to the south by using the
2.5-m Irénée du Pont Telescope of the Las Campanas Observatory (Atacama, Chile) with a circular
FoV with a diameter of 2.1 deg (3.5 deg?).

2.3 Siding Spring Observatory (Australia)

At the Siding Spring Observatory (Australia) in the southern hemisphere, two telescopes have been
used for large spectroscopic surveys (Table 3): the 1.2-m UK Schmidt Telescope (Uks) with a circular
FoV with a diameter of 5.7 deg (~25deg?) and the 3.9-m Anglo-Australian Telescope (Aar) with a
circular FoV with a diameter of 2 deg (~3 deg?).

RAVE

The Radial Velocity Experiment (Rave; Table 3, left; https://www.rave-survey.org/project; [29])
combined the 1.2-m UK Schmidt Telescope with the multi-object spectrograph 6dF (6 degree Field)
that utilizes interchangeable field plates with 150 fibers each. It enables to observe the wavelength
region 841.0- 879.5 nm (containing the Ca triplet) with R ~ 7 500. The observations were done from
April 2003 to July 2005 during 7 nights per lunation, and from August 2005 to April 2013 during 20-
25 nights per lunation. In total 574 630 spectra were gathered for 483 330 stars with an /-magnitude
between 9 and 13 mag. Apart from the basic stellar parameters (7., log g, and [M/H]), also the v,
distances and elemental abundances ([Fe/H] and six a-elements) were determined with an accuracy
of ~1.5kms™!, ~20 % and ~0.2 dex, respectively. Given the large number of observed stars and the
big overlap with the TycHo-Gala asterometric solution catalog ([30]), it was the first spectroscopic
survey that allowed to study the Milky Way morphology and history by complementing the RAVE v,y
values with proper motions listed in astrometric databases.

ARGOS

The Abundances and Radial Velocity Galactic Origins Survey (Arcos; Table 3, middle; [31-33]) used
the 3.9-m Anglo-Australian Telescope in combination with the AAOmega fibre spectrometer having
400 fibers of which 350 are used for stars. About 28 000 red giants with an /-magnitude between 13
and 16 mag and a Galactic latitude near +10 deg or between —10 and -5 deg were observed in two
wavelength ranges: a first region including the Ca triplet (840-885 nm) with R ~ 11 000 and a typical
SNR of 75, and a second region including the Mgb/MgH feature (500-560 nm) with a lower spectral
resolution of R ~ 3000. The latter was included to be able to reject foreground dwarf stars from the
sample of more distant giants. In total, 28 fields were covered with 1000 spectra each (except for
one with only 600 spectra) during 42 nights in the months May-August of the years 2008-2011. The



EPJ Web of Conferences 152, 04001 (2017) DOI: 10.1051/epjconf/201715204001
Wide-Field Variability Surveys: A 21" Century Perspective

Table 3. Characteristics of the large spectroscopic surveys conducted at the Siding Spring Observatory (Sso;
Australia) in the southern hemisphere with the 1.2-m UK Schmidt Telescope (Uks) and the 3.9-m
Anglo-Australian Telescope (Aar).

Name Rave ARGOS GALAH
Telescope 1.2-m Uks@Sso 3.9-m AaT@Sso 3.9-m Aar@Sso
Fibers #150 #400 #400

Wavelengths | 841.0-879.5nm | 840-885nm  500-560 nm 471.8-490.3 nm
(Cam triplet) (Cam triplet) (Mgb/MgH) 564.9-587.3nm
648.1-673.9 nm
759.0-789.0 nm

Resolution ~7500 ~11000 ~3 000 ~28000

Targets 483330 (stars) ~28000 red giants 1000 000 stars
(9 <I < 13mag) (13 < I < 16 mag) (12 <V < 14 mag)

Date range 2003-2013 2008-2011 2012-2017

main reason to study these stars in the Galactic bulge and inner disk was to find out more about the
formation processes of the bulge.

GALAH

The Galactic Archaeology with HErRMES Survey (GaLaH; Table 3, right; https://galah-survey.org/;
[34-37]) combines the 3.9-m Anglo-Australian Telescope with the High Efficiency and Resolution
Multi-Element Spectrograph (HerMes). It has 400 fibers and observes in four wavelength regions:
471.8-490.3 nm (blue), 564.9-587.3 nm (green), 648.1-673.9 nm (red), and 759.0-789.0 nm (IR). The
spectra with a resolution of R ~ 28000 and a required SNR of 100 are being used to derive the
chemical abundances of 30 elements with an accuracy of 0.05dex. In total, about 1000000 stars
with a V-magnitude between 12 and 14 mag and a declination below 10 deg are being observed. They
originate from different parts of our galaxy: 77 % thin-disk stars, 22 % thick-disk stars, 0.8 % bulge
stars, and 0.2 % halo stars. The observations started in 2012 and will end in 2017.

2.4 Gaia related

GAIA

The Global Astrometric Interferometer for Astrophysics (Gaia; Table 4, left; (http://www.esa.int/
Our_Activities/Space_Science/Gaia; [6]) is a space mission with a 1.45x 0.5 m? size telescope on-
board. It performs photometric, astrometric and spectroscopic observations of objects passing through
its FoV of 0.22 x 0.39 degz. Gaia was launched on December 19, 2013 and started its scientific ob-
servations in sky scanning mode on August 22, 2014. During the 5.5 years of the nominal mission, it
is expected to gather data for approximately 150 000 000 objects (but rumour has it that the mission
will be extended). For the spectroscopic part, the Radial Velocity Spectrometer (Rvs) is used to obtain
spectra with R ~ 11 500 in the wavelength range surrounding the Ca triplet (847-874 nm). The aimed
precision of the v,,; determinations ranges from 1 kms~! for stars with V = 11.5 mag to 30 km s~ for
stars with V = 17.5 mag. For stars with a V-magnitude up to 15 mag, also the atmospheric parameters
will be provided in the output catalogue.
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Table 4. Characteristics of the large spectroscopic surveys related to the Gara space-mission conducted in space
with the Radial Velocity Spectrometer (Rvs) and at the European Southern Observatory (Eso; Paranal, Chile)
with the 8.2-m Very Large Telescope (Vir/UT2) in the southern hemisphere.

Name Gaia Gaia-Eso
Telescope 1.45m x 0.5m 8.2-m VLr@Eso
Instrument Rvs GIRAFFE UvEs
Fibers #132 #8
Wavelengths 847-874nm 370-950nm 300-1100 nm
(Cam triplet)

Resolution ~11500 7500-30000 ~40 000
Targets ~150 000000 stars >10000 stars

(V < 17.5mag) (V< 19mag) (V < 16.5mag)
Date range 2014-2020 2012-2016

Gaia-Eso

The Gaia-Eso survey (Table4, right; https://www.gaia-eso.eu/; [38]) is a ground-based spectro-
scopic support effort for the Gara mission. It is a large observing program based in the southern
hemisphere at the European Southern Observatory (Eso) that runs on the second unit (UT2) of the
8.2-m Very Large Telescope (Vrr) in Paranal (Chile). This telescope only has a small, circular FoV
with a diameter of 25 arcmin (~0.135 deg?). The observations are done with the Fibre Large Array
Multi Element Spectrograph (FLaMEs) feeding two spectrographs covering the whole visual spectral
range. GIRAFFE is equipped with 130 fibers and is used to obtain spectra with a spectral resolution in
the range of 7500 to 30000 for stars with V < 19mag. Spectra with R ~ 40000 are collected for
up to 8 stars with V < 16.5 mag simultaneously with the Ultraviolet and Visual Echelle Spectrograph
(Uves). The observations of the Gaia-Eso survey started on December 31, 2011 and ended recently
after a period of 5 years. In total, more than 10000 Milky Way stars, both in the field and in open
clusters, were observed. Their astrophysical parameters, including detailed abundances for at least 12
elements (Na, Mg, Si, Ca, Ti, V, Cr, Mn, Fe, Co, Sr, Zr, Ba) and v,,, values with a precision between
0.1 and 5kms~!, are being derived as we speak.

3 Future large spectroscopic surveys

In the next few years, there are some large spectroscopic surveys planned. They all serve as ground-
based spectroscopic support for current and/or future space missions. In this section, three of them
are briefly introduced.

WEAVE

The WHT Enhanced Area Velocity Explorer (WEAVE; http://www.ing.iac.es/weave/about.html;
[39]) is designed to use an upgraded version of the 4.2-m William Herschell Telescope (WHT), located
in the Observatorio Roque de los Muchachos (OrM; La Palma, Canary Islands, Spain) in the northern
hemisphere. The new optics that will be installed will increase its circular FoV to a diameter of
2 deg (~3deg?). A total 1000 fibers will be installed to obtain spectra with R ~ 5000 in the full
optical range (370-1000 nm) or with R ~ 20000 with a limited wavelength coverage. WEAVE aims to
deliver more accurate v,,4 values than those that will be delivered by Gara for some 1000 000 stars
to investigate how the Milky Was was assembled. It will also observe distant galaxies to deduce their
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Table 5. Characteristics of the large spectroscopic surveys that will be conducted at the Observatorio Roque de
los Muchachos (Orm; La Palma, Canary Islands, Spain) in the northern hemisphere with the 4.2-m William
Herschel Telescope (WHT) and at the European Southern Observatory (Eso; Paranal, Chile) in the southern

hemisphere with the 8.2-m Very Large Telescope (Vrr) and the 4.1-m Vista telescope.

DOI: 10.1051/epjconf/201715204001

Name WEAVE Moons 4Most
Telescope 4.2-m WHT@ORM 8.2-m VLr@Eso 4.1-m VistaA@Eso
Hemisphere north south south
FoV ~3 deg? ~0.135 deg? ~4.1 deg?

(2 deg; circular) (25 arcmin; circular) (hexagonal)
Fibers #1000 #1024 #1624 #3812
Wavelengths 370-1000 nm 640-1800 nm 370-950nm  392.6-435.5nm

516.0-573.0 nm
610.0-679.0 nm

Resolution ~5000 ~4 000-6 000 (full) <5000 >18000
~20000 ~9 000 (770-900 nm) (Lrm) (Hrm)
~20000 (1520-1630 nm)
Targets ~1 000000 stars stars with =70 < DEC < +30deg
(>25000 000 spectra)
Date range from 2018 onwards from 2019 onwards from 2020-2022 onwards
(5 years)

chemical composition and the rate at which new stars were forming at the time we are seeing them.
By determining v,,4 values for serveral million galaxies, Weave will make it possible to look for small
deviations from uniformity in the expansion of the Universe, and hence to get some clues about dark
energy. First light of WEavE is expected in March 2018 and the start of its science observations is
currently scheduled for June 2018.

MooNs

The Multi-Object Optical and Near-infrared Spectrograph (Moons; http://www.roe.ac.uk/~ciras/
MOONS/VLT-MOONS.html; [40]) is a third generation instrument for the 8.2-m Vrr in Paranal (Chile)
in the southern hemisphere. With its full wavelength range being 640-1800 nm, it will extend the
observations to the short-wavelength infrared. Moons will be offered in two resolution modes. In one
mode, spectra with R ranging from ~4 000 to ~6 000 will be obtained in the full wavelength range.
In the other mode, spectra with a higher R will be gathered in small wavelength regions: the region
of the Ca triplet (770-900 nm) with R ~ 9000 (to measure v,,4) and part of the H-band in the in-
frared (1520-1630nm) with R ~ 20000 (for a detailed abundance analysis). It will be a powerful
tool to perform pioneering research in a wide range of galactic, extragalactic and cosmological stud-
ies. Moreover, it will provide crucial follow-up observations for space missions like Gaia ([6]) and
Eucum ([41]), and ground-based facilities like Lsst ([42]). Moons is expected to perform scientific
observations from 2019 onwards.

4MosTt

The 4-metre Multi-Object Spectroscopic Telescope (4MosT; https: //www.4most.eu/; [43]) will use
the 4.1-m Vista telescope of Eso in Paranal (Chile) in the southern hemisphere. The hexagonal FoV
of 4.1 deg? will be covered with 2436 fibers. It will use three spectrographs with 812 fibers each:
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Figure 1. The number of fibers relative to the size of the field of view for the instrument/telescope combinations
as used for the large spectroscopic surveys that are discussed in this review. The past/ongoing and future large
spectroscopic surveys are given with dots in shades of blue and red, respectively. The size of the dots and their
colour brightness are proportional to the (maximum) spectral resolution of the surveys. For the meaning of the
abbreviations, we refer to the text and to Tables 1-5.

two to gather spectra in low-resolution mode (Lrm) with R < 5000 in the full optical range (370-
950 nm) and one to obtain spectra in high-resolution mode (Hrm) with a R > 18000 in three small
wavelength ranges (392.6—435.5 nm, 516.0-573.0 nm, and 610.0-679.0 nm). The main aim of 4Most
is to complement the all-sky space missions Gaia ([6]), EucL ([41]), and eRostta ([44]) by providing
Urag Values with an accuracy below 2 km s~! for faint stars observed by Gaia (r < 19 mag), abundances
of up to 15 chemical elements for stars with V < 16 mag, and redshifts of galaxies and active galactic
nuclei with r < 22mag. In total, more than 25000000 spectra will be collected in a timespan of
5 years for targets spread over a large fraction of the southern sky (declination between —70 and
+30deg). 4Most will obtain R > 18000 resolution spectra for nearly all stars with V < 12 mag in

that area every ~2 years. The observations are expected to start somewhere in 2020-2022.

4 Summary and conclusions

Large spectroscopic surveys are extremely useful for the research of pulsating stars. In general, they
make the largest contribution by providing accurate values of stellar parameters and radial velocities.
In this review, we have introduced 11 past or ongoing surveys (LAMOST, APOGEE, APOGEE-2, MARVELS,
SEGUE-1, SEGUE-2, RAVE, ArRGos, GaLAH, GAlA, and Gaia-Eso) and 3 future surveys (WEAvE, MOONs,
and 4MosT) that are based in 3 northern observatories (XiNG, Apo, OrM), 3 southern observatories
(Lco, Sso, Eso) and one in space (Gaia). All those that are based on Earth use multi-fiber spectro-
graphs to increase the efficiency of the data gathering process. In Figure 1, we show how the number
of fibers relates to the FoV of the telescopes. LamosT is the instrument with the highest number of
fibers while RAVE uses the telescope with the largest FoV. Moons, that will use the 8.2-m Vir@Eso,
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Figure 2. Overview of the spectral ranges covered from the different observatories by the large spectroscopic
surveys that are discussed in this review. The space-based mission Gaia is given by the vertical line. The
past/ongoing and future large spectroscopic surveys are given with lines in shades of blue and red, respectively.
The width of the lines and the brightness of their colour are proportional to the (maximum) spectral resolution of
the surveys. For the meaning of the abbreviations, we refer to the text and to Tables 1-5.

will have by far the highest number of fibers per deg? on the sky. Figure2 shows that the large
spectroscopic surveys discussed in this review have wavelength ranges starting in the near ultraviolet
(300 nm) and ending in the short-wavelength infrared (1.8 um). When combining all of them, those
based in the southern hemisphere cover the full wavelength region. In the northern hemisphere, there
is no survey that included/includes/will include the range from 1 um to 1.51 um.

A huge amount of spectroscopic data of large spectroscopic surveys is publicly available and this
amount is steadily increasing. Therefore, it might be worthwhile to check if the spectroscopic data
that you might need for the research of your favorite star(s) is already available in the spectroscopic
databases before applying for precious telescope time.

Acknowledgments: The author is very thankful to the organisers for the invitation to present this review.
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