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The Gaia mission will have a profound impact on our undeditanof the structure and dynamics of the Milky Way.
Gaia is providing an exhaustive census of stellar paralageoper motions, positions, colors and radial velogitieg
also leaves some flaring holes in an otherwise complete datdlse radial velocities measured with the on-board high-
resolution spectrograph will only reach some 10% of the galinple of stars with astrometry and photometry from the
mission, and detailed chemical information will be obtalrier less than 1%. Teams all over the world are organizing
large-scale projects to provide complementary radialoigés and chemistry, since this can now be done véiygiently
from the ground thanks to large and mid-size telescopes avitlide field-of-view and multi-object spectrographs. As
a result, automated data processing is taking an ever singeaelevance, and the concept is applying to many more
areas, from targeting to analysis. In this paper, | providaiek overview of recent, ongoing, and upcoming spectrpgco
surveys, and the strategies adopted in their automategsisplipelines.
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1 Introduction This situation has triggered the reaction of the astronom-
ical community, who is organizing complementary projects
. . to perform spectroscopy from the ground. Three massive
Gaia was launched on December 19, 2013. Science op %gh-resolutionR = /5. ~ 20,000) projects are currently

tions for the mission started on July 2014, and its suite ) .
instruments will hopefully continue to gather data Cominuunderway. APOGEE, Gaia-ESO, and GALAH. There are

: : o . -also ongoing #orts at lower resolutionR ~ 2000), the
ously during the nominal mission lifetime of five years. Gaé
expands the global all-sky measurement of stellar positio ?SS a;dtLAMOFI, asbwtell as thel_R"f;VE Slg\r/vseﬁ’.’kthat USes
made by the Hipparcos mission, which flew between 19dgtermediate resolution buta more fimite ( “like) spec

and 1993, from 0.1 kpc to 20 kpc, increasing the number glal coverage. The main targets and instrumental character

targets by 4 orders of magnitude with a precision improv%at'cs of these projects and many others planned for the near

by 2 orders of magnitude. In addition to astrometry (pos Uture are summarized §0.
tions, proper motions, and trigonometric parallaxes),aGai

includes a pair of spectrophotometers, BP-RP, covering the . )
range 360-1000 nm, and a high-resolution spectrograph, the The massive data sets being produced call for a scale

RVS, observing in the range 847-874 nm. These instrumerﬂfsamomation never seen before, from target selection-to in

provide spectral energy distributions for all the starshwitStrumental conflgurat|on, to data acquisition, data redagt
astrometry (about f0stars down to/ ~ 20) and radial ve- and even analysis. Data products from these surveys are far
locities for the brightest 10% of them more advanced than calibrated spectra, and involve the use

of physical models, crossing the line between actual obser-
Without a doubt, Gaia’s data will revolutionize our Un-ations and their theoretical interpretation. Section 8 wi

derstanding of the Structure, formation and evolution ef th‘nake a quick overview of the most usual methodo|ogies

Milky Way, galaxies in general, and various aspects of stehyolved in a basic analysis of stellar spectra, &adwill

lar formation and evolution. But, if extremely rich, the @ai glance at the construction of models. Section 5 mentions

data set is quite limited regarding chemistry informationsome of the most popular algorithms and codes adopted

since spectral lines are not resolved in the BP-RP obserygr the automated derivation of atmospheric parameters and

tions, and the signal-to-noise ratio of the RVS spectrads t¢hemical abundances.

low to measure chemical abundances for stars fainter than

aboutV = 12. Furthermore, the radial velocity information

will be limited to stars brighter thavf ~ 16. The architecture of the analysis pipelines for thedi
ent surveys can vary wildly, and Section 6 will describe the
* Corresponding author: callende@iac.es ones adopted by three of the most relevant projects.
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2 Ongoing and future ground-based than SDSESEGUE or LAMOST: APOGEE (Majewski et
spectroscopic surveys al. 2015; also part of SDSS), Gaia-ESO (Gilmore et al.
2012), and GALAH (Zucker et al. 2013).

2.1 Current projects The Apache Point Observatory Galactic Evolution Ex-

At low resolution, the largest projects by far are the Sloaperiment (APOGEE) started gathering data in 2011 and it
Digital Sky Survey (SDSS) and the Large Area Multi Objecgouples a 300-fiber H-band (1.5-Ju) spectrograph to the
fiber Spectroscopic Telescope (LAMOST). SDSS 2.5m telescope. After three years of operations, the
The SDSS has been running for about 15 years, usifgpject made a full data release in January 2015 including
a dedicated 2.5-m telescope (Gunn et al. 2006) at Apacsieectra for more than 150,000 Northern stars in the range
Point Observatory, in New Mexico. The project establishe® < H < 14 (or 10 < V < 17), most of them red gi-
its own 5-bandugriz photometric system, and mapped &nts in the Galactic disk, but also reaching into the Galacti
large fraction of the Northern sky. Targets for spectrogcogpulge and the halo (Holtzman et al. 2015). APOGEE ob-
are selected, mainly from photometry, to fulfill a variety ofervations will continue at least until 2020, and a replica
science objectives. The original SDSS project (1998—200%; the APOGEE spectrograph is being built and will per-
York et al. 2000), the Baryonic Oscillations Spectroscopi®rm parallel observations from Las Campanas starting in
Survey (BOSS 2009-2013; Dawson et al. 2013, Eisenstdn@!l 2016. The H-band is rich in atomic and molecular lines,
et al. 2011), and its sequel eBOSS (2014-2020; Zhao &td the APOGEE spectra recover atmospheric parameters
al. 2015), target galaxies and quasars, but included soied abundances of 15 elements for red giant stars.
stars for addressing particular research topics, and &-typ

halo §ub—dwarfs for ca!|brat|on. The SEGUE and SEGUE‘rt'ies, namely one of the VLT 8m telescopes (Kueyen) and
2 projects (2005-2008; see Yan_ny et al. 2009) foc_used e FLAMES instrument, which feeds medium and high-
stars. Altogether, the SDSS archive has IOW'reso'Ut'on'Speresolution spectrographs. The project started at the end of

traljl(_)rl about a r_EiIIIioE stari ir;]the ranglge ];4\/ < fl’gi 2012 and will extend at least to 2017. Most stars are ob-
publicly accessible through their regular data relea (tserved alR ~ 20,000 with GIRAFFE, but about 10% are

latest was DR12; Alam et al. 2015), and continues Operéﬂfighter stars fed to UVES. WitlR ~ 50.000. As with

ng. - other ESO Public Surveys, the raw data become immedi-
The two original double-arm SDSS spectrographs us%‘#ely available, and reduced spectra, atmospheric parame-

in the qriginal survey, SEGUE, and SEGUE'_Z’ WEre Ulers, and chemical abundances are released at a slower pace.
graded in 2009 to enhance throughput, resolution, and spec-

tral coverage (Smee et al. 2013). Both the original and up- The GALAH survey uses the 4m Anglo-Australian tele-
graded instruments share a resolving power about 2,000 swpe and a custom-made 4-arm spectrograph (HERMES),
broad spectral coverage in the optical (380-960 nm for thveith the resolving power set tB ~ 28,000 to target 400
original and 360-1000 nm for the upgraded version). Thesdjects per exposure, and measure abundances for up to 30
instruments are fiber fed from plug-plates mounted on the 8fements. The project pursues collecting spectra for a mil-
degree focal plane of the telescope and accommodate 640i@a stars in the range 12 V < 14. The instrument was
arcsecond (original instrument) or 1000 2-arcsecond diamemmissioned at the end of 2013 and has already obtained
eter (upgraded) fibers simultaneously. Since 2011 the SDSiectra for more than 100,000 stars. Its first public data re-
incorporates the APOGEE high-resolution H-band spectrtgase is planned for mid-2016.
graph, which is described below. . . . . N
Inspired by the SDSS, the Large Sky Area Multi—ObjecIt .Wlth an intermediate resolving powet = 70.00 and .
. ; imited spectral coverage (841-880 nm), the Radial Vejocit
Fibre Spectroscopic Telescope (LAMOST) started regulir : :
: . : . 2~ Experiment (RAVE) obtained data between 2003 and 2013
operations in 2011. This telescope, which has an ongmaf(. . .
. : . . using the 1.2m UK Schmidt Telescope at the Australian As-
design and anfgective aperture in the range 3.6-5.9m, i .
used together with an advanced robotic fiber ositioneriklonomICaI Observatory for about 500,000 Southern stars
9 b h 9 <V < 14 (Steinmetz et al. 2006). Their latest data

acquire up to 4000_objects Per exposure. The flbgrs feed refease took place in 2013 (Kordopatis et al. 2013) and in-
spectrographs, typically set up to provide a resolving powe . .
clléded parameters, distance estimates, and abundances for
about 1500 and broad spectral coverage between 370 an . :
. . . UR to six elements for a large fraction of the targets, but no
900 nm. A recent dedicated issue of the journal Research | ectra. The next data release is planned for 2016
Astronomy and Astrophysics has described the results of tﬁ% ' P '
Milky Way observations from LAMOST. The first public Table 1 summarizes the main parameters for each of the
data release took place earlier in 2015 (Luo et al. 2015) aptbjects described above. Fig. 1 illustrates the situation
included nearly 3 million spectra of Northern stars, most iaddition to the number of observed stars N, their approx-
the range 1% V < 19. imateV magnitude range, and the resolving power of the
There are currently three massive ongoing projects primstrumentsR, | have computed an additional quantity, the
viding stellar spectra over a large area of the sky with jgower to resolve, P, that combines the resolving power with

resolving power of~ 20,000, or about ten times higherother important factors, namely the relative spectral cove

The Gaia-ESO survey uses general-purpose ESO facil-
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Table 1 Performance of ongoing survey instruments.

Projectinstrument R A1/ <A> SN P N \Y

mag

Gaia BP-RP 100 1 30 ,800 10 8-20
LAMOST 1,500 1 20 30000 10 12-18
SDSS 2,000 1 30 6000 16 14-20
RAVE 7,500 0.05 50 1850 500000 8-14

Gaia RVS 11,500 0.05 2 ,150 16 5-17
Gaia-ESO 20,000 0.12 80 190 100000 14-19
APOGEE 22,500 0.12 100 27000 400000 10-17
GALAH 28,000 0.15 100 42®m0O0 16 10-17

ageAl/ < A >, and the signal-to-noise ratio, in an attempinto the near-UV (350-550 nm), where a higher density of
to measure of the information content per observation  stellar absorption lines helps to measure radial velacire
estimating stellar metallicities. HETDEX will start in 261

A S
P= R(< 5 >) (N) 1) Finally, the Dark Energy Spectroscopic Instrument
(DESI), will involve a robotic positioner with 5000 fibers
SinceP is proportional toR, there is correlation between gnd 10 three-arm spectrographs working at medium resolu-
the two which the RVS does not share, mainly due to itgyn (2000< R < 5500, depending on wavelength) over the
atypically low signal-to-noise ratio and spectral coveragrange 360-980 nm (Levi et al. 2013). The project employs
As one may expeck is anticorrelated with the number of the 4m Mayall telescope at Kitt Peak, aims to start opera-
targetsN: the more information per spectrum, the harder fions in 2019-2020, and it is a good candidate to populate
gets to observe a large number of objects. the exciting upper-right area in the upper-right panel of Fi
ure 1.

2.2 The future

The existence of multiple projects carrying out spectra3 Analysis methodology
scopic surveys of the sky, and stars in the Milky Way in
particular, has not precluded additional projects to ggher The most basic analysis is spectral classification. Theielas
nized. cal MK system is still in use, but many alternative machine-

WEAVE for the 4m WHT in La Palma (Dalton et al. based schemes have been proposed (see Bailer-Jones 2002
2014) and 4MOST for the 4m VISTA telescope at Paranfir a review). These involve cluster analysis techniqueb su
(de Jong et al. 2014) will provide multi-object mediumas K-means, optimization techniques, or mixture models
(R ~ 5000) and high-resolutiorR(~ 20, 000) optical spec- (see, e.g., Everitt et al. 2011), or artificial neural networ
troscopy from the Northern and Southern hemispheres, f@ailer-Jones et al. 2002), among others.
spectively, and embark in massive surveys including Milky  More interesting than classification is parameterization.
Way stars. WEAVE has a robotic fiber positioner handlingpectra depend mainly on the fundamental atmospheric
1000 fibers and a single spectrograph that can work garameters, the stellaffective temperatureTiy), surface
medium or high-resolution modes, while 4MOST will haveyravitational acceleration (lag, and its chemical composi-
about 2400 fibers, part feeding a medium-resolution spegon (simplified as a singleetallicity, [Fe/H], the logarithm
trograph and part feeding a high-resolution one. With simbf a scale factor that applies to the solar mixture). In this p
lar medium or high resolution modes, on a larger telescopger we will refer to this set of parameters with the lefier
the ESO 8m VLT, MOONS will provide near-IR cover-pParameterization is either performed based on model spec-
age (0.7-1.7um) for fainter targets (Cirasuolo et al. 2014)ra, or observed ones. In any case, when observed templates
These three instruments are planned to start operationsaie used, somebody has to assign parameters to them based
2018-2021. again on model spectra.

Another project to keep an eye on is the Hobby-Eberly
Telescope Dark Energy Experiment (HETDEX; Hill et
al. 2008), which uses an innovative massive instrumert, Model spectra
VIRUS. This instrument feeds light from 30,000 fibers stat-
ically arranged into 75 Integral Field Units to 150 specModel spectra can be computed under a given set of ap-
trographs. This experiment is designed mainly for cosmagbroximations. Traditionally, hydrostatic equilibriunmergy
ogy, but about 200,000 stars down\Wo=~ 22 will be ob- conservation, and local thermodynamical equilibrium are
served along with galaxies in a 60-square degree regionassumed in order to calculate a model atmosphere. Then de-
the vicinity of the Big Dipper. The low resolving powertailed spectra are computed by solving the radiative teansf
(R~ 700) is compensated with a spectral range that reachezguation with detailed opacities for lines and continua.
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Fig.1 Recentand ongoing spectroscopic surveys as a functiolviegpowerR, power-to-resolv® (see text), number
of targetsN, andV magnitude range.

Large sets of classical model atmospheres are available, Projection algorithms take input spectra and identify
and sparse grids of more detailed hydrodynamical modédlsctional relationships that map those onto the desired pa
are becoming available (Ludwig et al. 2009, Trampedach etmeters. Neural networks fall in this category, and so does
al. 2013). An overview of the available sources of modehe MATISSE algorithm by Recio-Blanco et al. (2006), or
atmospheres, opacities, and radiative transfer codegaa gi "the Cannon” (Ness et al. 2015).
in Allende Prieto (2016). In most cases there is a unique solution and local op-
timization techniques such as the Nelder-Mead algorithm
(Nelder & Mead 1965), the Levenberg-Marquardtalgorithm

5 Algorithms and codes (Marquardt 1966), or the conjugate gradient method (see,
e.g., Shewchuk 1994) can be veffi@ent.

Once we are ready to compute model spectra, we can fo- When the multidimensiona) space shows a complex
cus on the task of identifying the algorithm to find the se@ndscape with multiple local minima we may need to put
of model parameterp that best reproduces any given ob"P an extra gort using global optimization algorithms,
served stellar spectrum. The possibilities are endless afiFh as annealing (Kirkpatrick 1984) or genetic algorithms

only some of the most commonly employed techniques wifS0ldberg 1989). Bayesian techniques, coupled or not to
be mentioned here. Markov-Chain Monte Carlo chains to optimize the number

of function evaluations, can also be used to search for the
%ptimal solution, with the advantage of having the possibil

st_rdetﬂgtr'lvlof ak)|§orpt|on lines llIDy me_‘?sglrm]? tr{mmv_?_lent *’ty of folding-in external information about the sample we
widths. Many lines are usually available for transitions of, observing (see, e.g., Lee 2013).

two iron ions, e.g. atomic and singly-ionized iron in the
case of late-type stars, and forcing the inferred iron abun-

dance to be independent of the line excitation energy, tie Pipeline architecture

line strength, and the ion can constrain the atmospheric pa-

rameters. This technique, however, is limited to fairlythig A spectroscopic analysis pipeline is a software package tha
spectral resolution data. takes fully reduced spectra as input, and derives physieal i

The traditional methods focus on quantifying th
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formation such as radial velocities, atmospheric pararsgteNelder-Mead algorithm, as implemented in the cBHRSE,
or chemical abundances, from them. Most outputs depewditten in FORTRANSOFERSE is open sourdkand adopts
on models, i.e. are model-dependent. The connection l@strategy to analyze spectra that is applicable to vigtuall
tween models and parameters can be implicit, through relany type of spectroscopic data. The code is optimized to
tionships that have been determined beforehand, or etxplicun on large samples, and evaluates model spectra by in-
through the direct calculation of synthetic spectra dutiteg terpolating in a grid of pre-computed model fluxes, which
pipeline execution. As mentioned above, one may use tan be compressed using Principal Component Analysis. In
braries of existing observations, but the parametersmaadig the APOGEE pipeline FERRE is wrapped within a complex
to those will be ultimately tied to model atmospheres anlook-keeping software written in IDL, which prepares the
synthetic spectra. spectra, launches FERRE jobs, and sorts and packs the out-
The architecture of a pipeline depends on the quantiByt.
and quality of the input data, which sets what can be ex- The dfective temperatures and abundances obtained are
tracted and how much information the pipeline needs twot far from those expected, while gravities are more af-
digest and at which speed. It will depend on whether tHected by systematic errorsfidets between reference data
spectra themselves, or derived quantities, such as equivalfor open and globular clusters and stars with their properti
widths or spectral indices, are used in the evaluation of tlerived from oscillations are tracked, modeled with simple
merit function that defines what are the most likely valuefsinctions, and calibrated out.
for the sought-after parameters. Following the model generally used in previous SDSS
A pipeline may seek multiple parameters at once, gripelines, the APOGEE pipeline software is version-
sequentially. It may adopt a single optimization algorithmgontrolled in a project server, and the pipeline itself runs
or a number of them. It may also embrace a single modeh project computers in an automated fashion. This allows
set (model atmospheres, opacities, etc.) or several of.thefe analysis of new data to be done consistently, and makes
Pipelines can be developed specifically for a given instrit-possible to reproduce the results. The software usecein th
ment, survey, or project. But in some instances they can Bsalysis becomes publicly available from the SDSS servers
very general and be used in multiple ones. together with the data they have been run on at each public
It is not always obvious which choices are best andata release of the SDSS (see, e.g. Alam et al. 2015).
whether there is a recipe that can be applied in most sit-
uations. In this paper, | will discuss some of the choice.2 Example 2: Gaia-ESO
adopted for three particular surveys in which | have been

involved: APOGEE. Gaia-ESO. and SDSS-SEGUE. The Gaia-ESO analysis pipeline is actually a suite of
pipelines run by individual teams at ftérent locations

(Smiljanic et al. 2014; Recio-Blanco et al. 2014). Each team
6.1 Example 1: APOGEE (node) develops its software and is in charge of maintaining

The APOGEE pipeline (ASPCAP; Garcia Pérez et al. 2015%3'0‘ set of common guidelines regarding the basic input
r

: ta used to model spectra (model atmospheres, atomic and
uses the chi-squared between observed and model spec g .
molecular data, reference solar abundances, etc.) ame, give

to decide on what are the most likely values for the param- ; . :
y Parany i the actual choices of algorithms, codes, and stratégies

eters it searches: radial velocities, atmospheric paenset . :
and chemical abundances. With a resolving power of aboeu)ftraCt the information from the spectraare left to the sode
The Gaia-ESO Public Survey employs both the GI-

20,000 and a spectral coverage between 1.5 angurh,7 :
computing the chi-squared implies a loop ovef Wave- RAFFE ar_ld UVES spectrographs, with roughly 90% of the
ta coming from the former. There are a few nodes in-

lengths. The APOGEE data are very homogeneous — gﬁl . ) )
spegctra are acquired with the same initrurﬁmgﬂng volved in the analysis of the GIRAFFE data, which are co-
The pipeline determines 6 or 7 parameters. simultagrdinated as aworking group, and the parameters from them
. ! d ont le and th d.Inth
neously for each APOGEE spectrugs, logg, micro- re mapped onto a common scale and then averaged. In e

) case of UVES data, the corresponding working group in-
turbulence, [MH], [C/M], [N/M], and [e/M]. The remain- cludes over a dozen nodes, and the results from them are av-

der of the chemical abundances are derived in a second st figed out using weights defined upon their measured per-
one element at a time, holding constant the parameters e

: . . . i mance on a set of benchmark stars (Heiter et al. 2015;
rived in the previous stage. The rationale for pursuing thfofré etal. 2015)

carbon, nitrogen, and-element abundances in the first op- | dd"t' A i th K deall ih GI
timization is that these elements can have a criti¢idot h addition o the working groups deaiing wi i
on the derivation of the main atmospheric paramefégs, ( RAF.'.:E or UVE.S data for late-typeormal stars, the_re are
logg and metallicity [MH]), through their &ect on the additional working groups devoted to the analysis of hot

equation of state or the opacity, mainly through moIecuIaerarS’ or chemically peculiar stars. An additional working

absorption (CN, OH or CO) or contributing free electrons.9"04P enforces a certain degree of homogeneity across in-

d dent worki .
The APOGEE pipeline has only one algorithm for deriv- ependentworking grolips

ing atmospheric parameters and abundances, currently the Available from http/hebe.as.utexas.efflerre
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The GIRAFFE data for any given star typically includepipelines that are open source and applied to multiple data
two spectral settings, each a few tens of nanometers widets are desirable. Other considerations for designing a
with a resolving power about 20,000. Not all stars are olpipeline are
served with the same settings, mainly to optimize the return. g5¢e of implementation,
for stars in clusters. The UVES spectra have a higher re- computational demands,

solving power (more than twice as high) and broad spectral performance (in terms of precision and accuracy, regard-
coverage. In most cases, the atmospheric parameters are deTng output parameters and their uncertainty)

rived first, using optimization or projection techniquesda _ reneatability (software and configuration files must be
abundances are determined in a second stage, once the payersion tracked)
rameters from the flierent nodes have been combined into_ clarity and traceability of the results (ease to identify

asingle set. what parts of the spectrum are driven by a given param-
A large fraction of the software used in Gaia-ESO ex- eter).

isted before the survey began, and its performance and be- . . .
. : .~ The importance of developing software under version

havior was well understood. However, since the software is

. . control that runs and it is maintained at a given location can
not in general open source, and is not kept under a com

; I not be overemphasized. Otherwise repeatability and trace-
mon software control repository, traceability is limiteada o ; .
. ; ability are compromised. It is probably a good strategy to
operations are not streamlined. . ;
focus on one or few algorithms, implemented afresh and
thoroughly tested, rather than "as many as you can get”,
6.3 Example 3: SDSS-SEGUE given the limited time available to understand the behavior
The SEGUE Stellar Parameters Pipeline (SSPP; Lee et%fl.efaCh algorithm (and_ their average results). M.ult|ple aI.—
; . orithms can only provide estimates of systematic errors if
2008 and follow-up papers) is also a suite of software pacg- . ) : .

. o : ruly independent, i.e. when independent atgmiecular
ages aimed at deriving one or several atmospheric pararr(a(a-ta model atmospheres. svnthesis codes. etc. are used
ters from SDSS-SEGUE stellar spectra. Some of the pack-"" P 'Sy T '
ages existed long before the pipeline was assembled, Bgknowiedgements. My research has been supported by the Span-
others were written specifically for SDSS-SEGUE. Somigh MINECO (grant AYA2014-56359-P). | am grateful to the or-
are as simple as polynomial relationships that relate tj9anizers of the WE Heraeus Seminar "Reconstructing theyMilk

equivalent width of a hydrogen line witfer, while others Way’s History: Spectroscopic surveys, Asteroseismologyl a
use algorithms to constrain multiple parameters Slmujrtangtiftung for their kind invitation and traveling supportnfA&nony-
ously. mous referee provided useful comments that improved trsepre
After all the codes have been run on a given data set;Aion.
set of established rules decides which results are adopted
and averaged depending on the region of the parameﬁté"éferenceS
space the solution falls into.
The SDSS-SEGUE spectra have a resolving power afam, S., Albareti, F. D., Allende Prieto, C., et al. 2015, 3
about 2,000, but have a broad wavelength coverage. The 219, 12
spectra are fairly uniform, with the exception of the upgradAllende Prieto, C., 2016, submitted to Living Reviews in &ol
of the spectrographs in 2008 for BOSS. The focus of the Physics
pipeline is to measure atmospheric paramet&gs, (0gg Allende Prieto, C., Fernandez-Alvar, E., SchlesingerJKet al.
and [M/H]), although the overalk-element enhancement 2014, A&A, 568, A7

and the carbon abundance are also determined. Quality ggl_lg:;{;orézs, C. A. L. 2002, Automated Data Analysis in astr

surance is bqs_ed on r_esults for clusters, but no attemptgiger-jones C. A. L., Gupta, R., & Singh, H. P. 2002, Autteda
made to empirically calibrate the outputs from the SSPP. Data Analysis in Astronomy, 51

Similar to the APOGEE case, the SSPP is maintainezirasuolo, M., Afonso, J., Carollo, M., et al. 2014, ProclSP
under version control on SDSS servers, where it lives and 9147, 91470N
runs, and made publicly available in sync with public datRalton, G., Trager, S., Abrams, D. C., et al. 2014, Proc. SPIE
releases. The development of the SSPP has slowed down9147, 91470L
in recent years, and newfferts have appeared to analyz awson, K. S., Schlegel, D. J., Ahn, C. P, et al. 2013, AJ, 185

. i tein, D. J., Weinberg, D. H., Agol, E., et al. 2011, ,
the SDSS optical spectra from the upgraded BOSS spectrc'fe?rlzS en einberg g0 etd Bz

graphs (Allende Prieto et al. 2014; Fernandez-Alvar et %veritt, B. S. Landau, S., Leese, M., & Stah, D., 2011, @ust
2015). Analysis, 5th Edition, Wiley

Fernandez-Alvar, E., Allende Prieto, C., SchlesingerJKet al.

. 2015, A&A, 577, A81
7 Summary and conclusions Garcia Pérez, A. E., Allende Prieto, C., Holtzman, J. R1% et
al., submitted to AJ

The strategies and architectures of existing spectroscogiiimore, G., Randich, S., Asplund, M., et al. 2012, The Masse
analysis pipelines are quite varied. In general, software ger, 147, 25

Chemo-dynamical models” and to the Wilhelm und Else Heraeus
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