
4MOST – 4m Multi-Object 
Spectroscopic Telescope

www.4MOST.eu

4GP: 4MOST galactic pipeline 
Ross Church (Lund Observatory)  

On behalf of IWG7

2020-07-14



4GP: 4MOST galactic pipeline | ESO 4MOST Community Workshop 2020 | Ross Church on behalf of IWG7

Overview

• What the Galactic pipeline does 
• How the Galactic pipeline works 
• Who we are 
• Pipeline status summary
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Reminder of abbreviations

• 4GP: 4MOST Galactic Pipeline 
• The software and data used to analyse spectra of stellar 

targets 

• IWG7: Galactic Pipeline Infrastructure Working Group 
• The group of people working together to build 4GP 

• Level 2: data product derived from the reduced spectrum
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What the galactic pipeline does

• Derives, from the 1D calibrated stellar spectra, 
– a radial velocity 
– stellar parameters (Teff, log g, [Fe/H], 𝜉, Vrot, age) 
– abundances of selected elements 
– a normalised spectrum 

• Inputs to the pipeline are 
– the reduced spectra 
– astrometric, photometric and asteroseismic data
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Pipeline philosophy

• Collaboration between Galactic survey members 
– Avoid duplicated effort (similar targets and requirements) 

• Use best techniques to analyse each spectrum  
– Possible to provide multiple results (e.g. with/without 

Gaia priors) 

• Combine codes into a single automatic pipeline 
– Provides infrastructure to manage “firehose” of data 
– Enables quality control and rapid turnaround 
– Does not preclude manual re-analysis of subsamples
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Targets
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21The Messenger 175 – March 2019

jUD�XD@Q�RTQUDX�ODQHNC
�!DB@TRD�.!R�
that drive the observations on the tele-
scope are re-created in intervals of three 
days, this is also the lead time for adding 
transient objects. Data from the LSST 
survey will provide several live transients 
with durations of several weeks that are 
UHRHAKD�VHSGHM�NMD��,.23�jDKC�NE�UHDV�@S�
any pointing on the sky. These transients 
are bright enough that, by adding these 
targets to the 4MOST target catalogue  
with high priority, spectra will be obtained 
by targeting several transients in each 
observation, following the nominal survey 
plan of 4MOST.

Finally, several surveys wish to opti mise 
the sky coverage such that a conti  - 
guous area is covered, which has impli-
cations for the cadence. The optimisation 
process for preferentially covering large 
�®Ű����RPT@QD�CDFQDDR���BNMSHFTNTR�@QD@R�
of the sky is still under development.

Calibration

An important ingredient of the 4MOST 
survey strategy is the calibration plan. 
The instrument and data calibration will 
follow standard procedures for multi- 
object spectroscopic instruments. The 
moving spine principle of the positioner 
will cause variability in the throughput of 
HMCHUHCT@K�jAQDR�ENQ�D@BG�RBHDMBD�DWON-
sure. Therefore the instrument has the 
capability to take one additional calibration 
�@�jAQD�k@S��ODQ�RBHDMBD�DWONRTQD�CTQHMF�
SGD�MHFGS�HE�MDDCDC
�1DK@SHUD�kTW�B@KHAQ@-
tion as a function of wavelength will be 
performed with the help of white dwarf 
stars and Gaia spectrophotometry, which 
will be available at the time 4MOST starts 
observing. A precision of the order of 
10% in the continuum slope is expected. 

%NQ�RJX�RTASQ@BSHNM�@�jWDC�ODQBDMS@FD� 
NE�jAQDR�VHKK�AD�@KKNB@SDC�SN�DLOSX�RJX�
regions. To monitor the quality and cor-
rectness of the data reduction process, 
Q@CH@K�UDKNBHSX��kTW��@MC�SDKKTQHB�RS@MC@QC�
stars will be observed. Commis sioning 
will be used to test the data reduction 
and analysis pipelines on real data.

6XSSOHPHQWDU\�WDUJHWV

Normal completeness requirements  
of surveys that are used for statistical 
HMEDQDMBDR�QDRTKS�HM�HMDEjBHDMBHDR�HM�
@RRHFMHMF�@KK�jAQDR�SN�S@QFDSR�NMBD�LNRS�
targets have been completed. In order  
SN�HMBQD@RD�SGD��,.23�RBHDMSHjB�NTS-
come, the science team will add targets 
SN�jKK�SGDRD�TMRBGDCTKDC�jAQDR
�2TOOKD-
mentary targets are targets that come 
with no completeness requirements and 
no guarantee that any one in particular 
will be observed. These extra targets are 
NMKX�@CCDC�SN�@UNHC�DLOSX�jAQDR
�3GDQD-
fore the observed number of such targets 
in any region will depend on the availa-
bility of main survey targets and observ-
ing time in a given area. Community pro-
posals for supplementary targets will also 
be accepted.

Poor observing conditions programme

When observing conditions are too  
poor to carry out the normal survey pro-
gramme, 4MOST will switch to a dedi-
cated poor conditions programme.  
Poor conditions are, for instance: twilight, 
full moon without a visible Milky Way, 
seeing full width half maximum (FWHM)  
> 1.5 arcseconds, and cirrus. The optimal 
boundaries for each of these constraints 
that are required to switch to this special 

programme have yet to be determined. 
This programme consists of all stars in 
Gaia Data Release 3 (DR3) with dec < 
+ 30 degrees and in the brightness range 
7.5 < G < 11 magnitudes for HRS, and  
11 < G < 12.5 magnitudes for LRS. This 
will ensure 4MOST spectroscopy for all 
stars that form the core samples of the 
TESS and PLATO space missions. These 
missions will  provide key asteroseismology 
information that can be used not only to 
improve the precision on the derived stel-
lar parameters and chemical abundances, 
but also to compute masses and ages. 
This makes this sample an ideal calibra-
tion and training set for the entire 4MOST 
Survey. It is expected that almost all of 
these stars can be observed in less than 
jUD�XD@QR��@ESDQ�VGHBG�@�EQ@BSHNM�NE�SGDL�
will be  regularly repeated with a cadence 
that still has to be determined.

Prospects

The 4MOST strategy described in this 
document is not yet frozen and will need 
further optimisation. Regular updates  
will be made, especially when accommo-
dating accepted community proposals. 
Also, a better understanding of instru-
LDMS�ODQENQL@MBDR�VHKK�HLO@BS�SGD�jM@K�
strategy, as well as further advances  
HM�SGD�jDKCR�NE�SGD�OQDRDMSDC�RBHDMBD�
cases. As the 4MOST project progresses 
SNV@QCR�jQRS�KHFGS�LNQD�ED@STQDR�VHKK�AD�
added to the 4MOST Facility Simulator to 
HMBQD@RD�SGD�jCDKHSX�NE�QD@K�NARDQU@SHNMR�
and to encode more science drivers from 
the surveys. The latest released survey 
strategy plan can be found via a web-
page3 that will be regularly updated.

Links

1 The 4MOST webpage: www.4most.eu
2 HEALPix webpage: https://healpix.jpl.nasa.gov/
3  4MOST Survey Simulations webpage:  

https://www.4most.eu/cms/operation/simulations/

Notes

a  HEALPix is an acronym for Hierarchical Equal Area 
isoLatitude Pixelization of a sphere, a pixelisation 
procedure that produces a subdivision of a spheri-
cal surface in which each pixel covers the same 
surface area as every other pixel.
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Table 2. The minimal 
number and typical 
magnitude range of 
targets that each  
Consortium Survey 
expects to observe 
HM�SGD�jQRS�jUD�XD@Q�
survey of 4MOST.

&RQVRUWLXP�6XUYH\

S1 Milky Way Halo LR

S2 Milky Way Halo HR

S3 Milky Way Disc and Bulge LR (4MIDABLE-LR)

S4 Milky Way Disc and Bulge HR (4MIDABLE-HR)

S5 Galaxy Clusters

S6 AGN

S7 Galaxy Evolution (WAVES)

S8 Cosmology Redshift Survey

S9 Magellanic Clouds (1001MC)

S10 Transients (TiDES)

Total

12 million LR and 4 million HR targets 
Mostly FGK dwarfs and giants
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FGK star performance requirements

• FGK stars 
– Bulk of targets 
– All Galactic surveys including Magellanic clouds 

•

7

Survey SNR / Å RV [km/s] [Fe/H] (dex) [X/Fe] (N,dex)

S1 (LR halo) 10-25 1-2 0.2 dex alpha, <0.1 dex 
(@SNR/Å=25)

S2 (HR halo) 40-140 2 ~0.1 dex <20, 0.2-0.3 dex

S3 (LR disk/
bulge)

10-50 1-2 ~0.1 dex ~10, 0.1-0.2 dex

S4 (HR disk/
bulge)

100 1 0.05 dex ~20, 0.05 dex

S9 (Magellanic 
clouds)

20-100 2 0.2 dex Few, 0.2 dex

From ESO Messenger Vol. 175
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FGK star targets
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Other stellar types

• WDs from S3 (LR Disk & bulge) 
– RVs (few km/s), atmospheric parameters, chemistry 

• OBA stars from S9 (Magellanic clouds) 
– RVs (1-2 km/s), stellar parameters, chemistry 

• Cepheids 
– Epoch RVs plus stellar parameters 

• Additional modules can be added, given provided effort

9



4GP: 4MOST galactic pipeline | ESO 4MOST Community Workshop 2020 | Ross Church on behalf of IWG7

How will it work
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4OR

Unstacked spectra!
Metadata e.g. from Gaia
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How will it work (simplified)
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subset for training) 
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sample)
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Model spectra

Inputs 
(Models for 
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Output (spectrum & derived properties)



4GP: 4MOST galactic pipeline | ESO 4MOST Community Workshop 2020 | Ross Church on behalf of IWG7

How will it work (common core)

• Continuum normalisation: fit to envelope of continuum 

• Radial velocity: cross-correlation with template spectra 

• Stack and stitch: code provided by L1 pipeline / 4XP 

• Decision making: From photometry & astrometry / ML (tbd) 

• QC: Checks that parameters are in range, flags from sub-
pipelines, etc.
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How it will work (FGK stars)

• High SNR subset of stars analysed using PySME (Valenti & 
Piskunov 1996; Piskunov & Valenti 2017) 
– Analysis will include custom line list, NLTE corrections, 

<3D> if necessary 
– Verified against benchmark stars with well-known 

parameters to test accuracy 

• Bulk of stars to be analysed using rapid machine learning 
technique 
– Implemented Cannon (Ness et al. 2015) and Payne 

(Ting et al. 2018) but final pipeline choice still open
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How (well) it will work (FGK stars)

• Tests with the Payne (Ting et al. 2018) on synthetic spectra 
(LRS, metal-rich stars)

14

Figure 3: The RMS o↵sets in each abundance in four metallicity bins, for

synthetic LRS observations. 3
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Training and verification data

• Need: 
– Spectra of ~104 stars observed early at high SNR in 

LRS & HRS to provide training data 

– Spectra of bright benchmarks / clusters / asteroseismic 
fields for verification 

– IWG7 "mini-survey" in planning
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Other sub-pipelines

• WDs 
– Classification, grid-search, fit with interpolation 
– Developers: Pier-Emmanual Tremblay, Nicola Gentile 

Fusillo 

• Hot stars (OBA) 
– Grid search with synthetic models 
– Automatically learns difference from synthetic spectra 
– Developer: Joachim Bestenlehner
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Pipeline design

• Modular design 
– Some modules shared (RV, continuum, QC, etc.) 
– Some modules form sub-pipelines (e.g. Cannon code) 
– Easy to slot in an additional code for testing / 

production 

• Framework splits input FITS files into spectra, defines 
pipeline tasks, marshals results, etc. 
– Manager / worker architecture allows use of multiple 

computers using Kubernetes

17



4GP: 4MOST galactic pipeline | ESO 4MOST Community Workshop 2020 | Ross Church on behalf of IWG7

Who we are (IWG7)

• Working group leads:  
– Karin Lind (Stockholm) 
– Georges Kordopatis (Nice) 
– Ross Church (Lund) 

 
 
 
 

• Members drawn from the galactic surveys 
– Complete list on www.4most.eu
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Pipeline status

• Operational but not final: 
– Overall framework  
– Major sub-pipelines (FGK/WD/OBA)  
– RV / continuum / stitching 

• Still to come 
– Sub-pipeline choice 
– Stacking across multiple OBs 
– QC pipeline 
– Testing on more realistic spectra (coming this autumn!)
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Questions?


