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We remember our friend and colleague

Jim Lewis  (1959 – 2019)
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Ten 4MOST Consortium Surveys … 
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No Survey Name Survey (Co-)PI
S1 Milky Way Halo LR Survey Irwin (IoA) , Helmi (RuG)

S2 Milky Way Halo HR Survey Christlieb (ZAH)

S3 Milky Way Disk and Bulge LR Survey Chiappini, Minchev, Starkenburg (AIP)

S4 Milky Way Disk and Bulge HR Survey Bensby (LU), Bergemann (MPIA)

S5 Galaxy Clusters Survey Finoguenov (MPE)

S6 AGN Survey Merloni (MPE)

S7 Galaxy Evolution Survey (WAVES) Driver (USW), Liske (HHU)

S8 Cosmology Redshift Survey Richard (CRAL), Kneib (EPFL)

S9 Magellanic Clouds Survey Cioni (AIP)

S10 Time-Domain Extragalactic Survey (TiDES) Sullivan (Southampton)



…inform the Science Requirements … leads to …

• 4MOST shall be able to obtain:
– Redshifts of AGN and galaxies (also in clusters)

• R~5000 spectra of 22 r-mag targets with S/N=5/Å with >3 targets in ⌀=2’
– Radial velocities of ≤1 km/s accuracy and

Stellar parameters of <0.15 dex accuracy of any Gaia star 
• R~5000 spectra of 20 r-mag stars with S/N=10 per Ångström

– Abundances of up to 15 chemical elements
• R~20000 spectra of 16 V-mag stars with S/N=140 per Ångström

• In a 5 year survey 4MOST shall obtain:
– 15 (goal 30) million targets at R~5000
– 1.0 (goal 3.0) million targets at R~20,000 
– 16,000 (goal 23,000) degree2 area on the sky at least two times
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… 4MOST Instrument Specification
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Specification Design value

Field-of-View (hexagon) ~4.1 degree2 (⌀>2.6°)
Multiplex fiber positioner 2436

Medium Resolution Spectrographs (2x)
# Fibres
Passband
Velocity accuracy

R~4000–7500
812 fibres (2x)
370-950 nm
< 1 km/s

High Resolution Spectrograph (1x)
# Fibres
Passband
Velocity accuracy

R~20,000
812 fibres
392.6–435.5 nm, 516–573 nm, 610–679 nm
< 1 km/s

# of fibers in ⌀=2’ circle >3

Fibre diameter ⌀=1.42 arcsec
Area (first 5 year survey) >2h x 18,000 deg2

Number of science spectra (5 year) ~75 million of 20 min



Data Management System: 
Meeting the 4MOST Data Challenge

• Mass scale spectral processing
• Many interfaces
• Development complexity

– Technical
– Organisational

• Design for operation effectiveness
• Limited resources

– But expectations high
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4MOST Data System: The Pipeline Acronyms

• QC0: QC0 Pipeline and Database: Paranal 
• QC1: QC1 Pipeline and Database: Garching
• 4L1: Level 1 pipeline: CASU
• 4GP: Galactic Pipeline: Lund
• 4XP: ExtraGalactic Pipeline: UWA
• 4CP: Classification Pipeline: 
• 4SP: Selection function Pipeline: 
• 4OR: Operational Repository: CASU
• 4PA: 4MOST Public Archive: AIP
• SAF: Science Archive Facility: Garching
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DMS DFDR (2017) and FDR (2018)
major design reviews passed

Full set of DMS design documents
• Data Management System Development 

Plan 
• Data Management System Requirements 

Specification  
• Data Management System Archive Design 

Report 
• Data Management System Design Report
• QC + Pipeline Data Reduction Description  
• Data Management System-L2 Pipelines ICD 
• 4MOST-ESO Back-end ICD
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Science Operations Organisation: 
DMS WP7.4 
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WEAVE as a 4MOST development pilot

CASU development of the WEAVE pipeline provides operational 
assessment of flow system – acts as a 4MOST pilot. Recent relevant 
work includes:
• definition of output data formats and data model
• Improvements to baseline spectral extraction method (tested on 

GES + WYFFOS data)
• Improvements to scattered light correction

– Integrated spectra extraction/ cross-talk removal as single operation is 
giving improved error estimates

– Investigating additional PCA analysis of residual skyline errors
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Data 
Management 
L0/L1 Data 
Flow
Operations and 
data flow becomes 
more complex with 
iterative loops and 
health monitoring



Data Management L2/Release 
Data Flow

Role of Science WGs & Infrastructure 
WGs defining requirements for data 
release

Outputs from the IWG L2 pipelines 
subject to quality control prior to release 
to ESO – involves 4MOST Science Team 
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L1 Science Data Flow



DMS Product Tree
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L2 delivered by 
IWG7/8



DMS Interfaces and Data Flow: 
Upstream and Downstream
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L1 Data Products: 
4MOST L1 output and input to the L2 pipelines
• Resampled, flux-calibrated spectra
• Non-stacked spectra from every 

exposure
• Stacked spectra per OB 
• Metadata describing the used stacking 

and weighting files 
• Inverse variance arrays for all of above
• Flux units and scaling
• The throughput curve that was used to 

correct the shape of the spectrum. 
• Wavelength solutions for all of the 

above. 
• Dead pixel and cosmic ray mask 

encoded in the inverse variance arrays. 
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• Heliocentric correction used for 
each spectrum

• History of the reduction process
• All target catalogue information of 

the target that was contained in 
the input OB. 

• Version of the L1 pipeline used. 
• Observatory parameters
• Position(s) in the originating L0 2d 

data file(s)
• References to (IDs of) the first and 

second neighbouring spectra
• Telluric correction spectra

L1 data products 
shown here are 
current baseline



TiDES-Live Transients: Rapid Data Access 

• 4MOST survey 10: Time Domain ExtraGal
– Three components: SN Cosmology, AGN Reverberation and 

Live Transients

• TiDES Live Transients (LT) requires ‘rapid’ classification of 
transient candidates
– Up to 5% of LR fibres allocated
– Classification timescale: “night+24 hrs” 

• TiDES-LT Spectra extraction from ‘standard’ QC0 pipeline
– Wavelength cal to 2Å, relative flux cal to 20%
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current baseline 
planning



• Low resolution: 12M targets @ V<20
• High resolution: 4M targets @ G<17

4GP: The L2 Galactic Pipeline

4GP products: 

• Radial Velocities
• Stellar parameters
• Abundances of 

selected elements 
together with their 
precisions and 
accuracies
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Galactic and
SMC/LMC 

Survey Targets 

Slide from: 
Lind & Kordopatis
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Survey Type of target
S/N
/Å

RV [km/s]
[Fe/H]

dex
[X/Fe]

Nr
[X/Fe]
dex

S1: LR halo RGB K-type stars 10-25 1-2 0.1-0.2 1 (alpha) 0.05-0.1

S2: HR halo [Fe/H]<-0.5, TO+RGB, 
FGK 40-140 2 (0.1) <20 <0.2-0.3

S3: LR
disk/bulge RGB K-type stars 10-30 1-2 (0.1) ~10 0.2

White Dwarfs 5

S4: HR
disk/bulge FGK stars 100 1 (0.05) <20 <0.05

S9: Magellanic
Cloud OBAFGK stars 10-150 2 0.2 ? 0.2

Galactic Survey Requirements
Slide from: 

Lind & Kordopatis



FGKM

OBA

RV-
determination

Model-based 
analysis
PySME/?

Machine-
learning analysis
Cannon/Payne/?

Training set

Stacking

Unstacked 
spectra

Stacked
spectra

RV

WD

Synthetic 
spectra

Feedback

Absolute magnitudes

Stellar isochrones

Seismic data

Stellar parameters (Teff, log(g), [M/H], [alpha/Fe], 
broad., age, mass)

Chemical abundances A(X) 
Continuum-normalised spectra?

Best-fit model spectra?

Turbosp/
PySME/?
MARCS

3D-code?

Stellar parameters (Teff, log(g), mass, age, Lbol, E(B-V))
Composition flag (pure-H, pure-He, other)

Flux-calibrated spectra
Stellar parameters (Teff, log(g), Lbol, wind density, 

Y, E(B-V), A_V) Chemical abundances A(X) 

Synthetic spectra

Gaia data

Cooling tracks

Synthetic spectra

FASTWIND/
CMFGEN

Gaia data

Tremblay 
models

4OR
4GP: The 4MOST Galactic Pipeline

Code

Data

Photometry
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FGKM

OBA

RV-determination

Model-based 
analysis
PySME/?

Machine-learning 
analysis

Cannon/Payne/?

Training set

Stacking

Unstacked 
spectra

Stacked
spectra

RV

WD

Synthetic spectra

Feedback

Absolute magnitudes

Stellar isochrones

Seismic data

Stellar parameters (Teff, log(g), [M/H], [alpha/Fe], broad., age, mass)
Chemical abundances A(X) 

Continuum-normalised spectra?
Best-fit model spectra?

Turbosp/
PySME/?
MARCS

3D-code?

Stellar parameters (Teff, log(g), mass, age, Lbol, E(B-V))
Composition flag (pure-H, pure-He, other)

Flux-calibrated spectra

Stellar parameters (Teff, log(g), mass loss, wind-param.)
Chemical abundances A(X)

4OR

4GP: Key Analysis Team

Code
IWG7 Leads:

Georges Kordopatis
Karin Lind Anish Amarsi

Martin Asplund
Paul Barklem

Maria Bergemann
Guillaume Guiglion

Henrik Hartman  
Ulrike Heiter
Andreas Korn 

Marica Valentini

Chiara Battistini
Andrew Casey
Ross Church, 

Jeffrey Gerber, 
Mikhail Kovalev, 
Gregor Traven

Maosheng Xiang

Joachim Bestenlehner
Bertrand Lemasle

Nicola Gentille-Fussilo
Boris Gaensicke

Pier-Emmanuel Tremblay

Team
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Extragalactic Analysis Pipeline: 4XP
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1. Takes L1 data+ some investment from 
survey teams + spectral templates + target 
catalogues+ photo-z priors 

2. Turns them into redshifts + line fits + 
continuum fits + (+ L3 derived products 
- SFR, metallicity, etc…?)

3. Returns them to 4OR

4XP Overview

Slide from: 
Davies & Croom



4XP In More Detail….
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4XP
4XP-Sim - Tools for producing simulated 
spectral observations for 4MOST used for 
testing 4XP and estimating EXP times. 

4XP-Z - Main redshifting and redshift 
confidences pipeline, using Fourier cross 
correlations (see AutoZ, Baldry et al 2014)

4XP-Fit - Galaxy and AGN fitting pipeline. 
Will fit stellar/AGN continuum and emission 
lines, and derive physical properties (~PPXF)

4XP-Tool - Interactive to provide GUI 
user interface to 4XP branches.

Slide from: 
Davies & Croom



4XP: Status and Key Deliverables

• Test Versions of 4XP-Sim (Lead: 
Davies) and 4XP-Z (Lead: Davies 
& Croom) on GitHub

• Internal IWG8 testing underway
• Initial 4XP-Fit development will 

start soon (Lead: M. Owers –
based on PPXF approach)

• Concept 4XP-Tool (Lead: Davies) 
preliminary testing underway

If you want to know more contact: luke.j.davies@uwa.edu.au

4XP Status 4XP Key Deliverables
• Redshifts to 0.0005 (1+z) accuracy (best and 

secondary)
• Redshift errors, probability of solution and best 

template
• Emission and absorption line measurements (EW, 

flux, width, continuum at line, SNR) for all lines 
specified in a pre-defined line list

• Additional lines identified which are not predicted 
from best-fit solution

• Desirable: Derived properties (D4000, Hδ indices, 
luminosity weighted ages, mass-to-light ratio, BH 
mass,….)   
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Slide from: 
Davies & Croom
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4SP: 4MOST Selection Function

Nic Walton - 4MOST DMS/L2 @ ESO - 8 May  2019

4SP: Quantifying 
Selection Biases

large samples of objects enable 
statistical measurements

but 
what is an intrinsic property and 
what is due to survey imprint?

selection function allows you to 
unfold the data by the survey 
imprint and to recover the intrinsic 
properties

single
survey
pointing

bright star
cut out

spatial distribution
of sources
survey map

Slide from: 
Krumpe, Martell 

& Tempel



4MOST Selection Function – sky completeness

The instrument setup and observing strategy 
produce additional patterns in the sky. 
Survey completeness depends on the following 
aspects:
• Number density of objects in all surveys – every 

survey is affecting all other surveys.
• Fixed fiber pattern in a focal plane (different for 

low- and high-resolution fibers).
• 4MOST targeting algorithm – fiber-to-target 

allocation is probabilistic.
• Other factors.
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Pattern in the sky using random 
targets and random targetingSurvey completeness is estimated in 4MOST pipeline

Slide from: 
Krumpe, Martell 

& Tempel



Object selection function

• The 4MOST object selection function quantifies how likely we 
are to:
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Measure its features
Controlled by the 
object:
• Feature strength
• Velocity dispersion
• Redshift

Controlled by the data:
• Dispersion and 

resolution
• SNR
• Wavelength 

coverage

Observe an object
Controlled by input 
catalogue choices: 
• Magnitude limits
• Parallax/parallax 

error limits
• Colour selection

Slide from: 
Krumpe, Martell 

& Tempel



Object selection function

• Any time we want to investigate the relative numbers of 
objects, we need to correct for the object selection 
function, e.g.:
– Mass function
– Metallicity distribution 

function
– Space density of halo 

stars as a function of 
RGC
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The Astrophysical Journal, 762:27 (11pp), 2013 January 1 Yong et al.

Figure 1. Generalized histograms showing the MDF (linear (left) and logarithmic (right) scales). The full sample (solid black line) and program stars (red histogram)
are shown. The green dashed line is the raw HES MDF from Schörck et al. (2009), shifted by −0.29 dex and scaled to match our MDF at [Fe/H] = −3.5. Panel
(a) includes a regular histogram (dotted line) employing the Shimazaki & Shinomoto (2007) optimal bin width algorithm. Panel (c) shows the fractional uncertainty
in our MDF (e.g., a fractional uncertainty of 0.2 represents an error of 20% of the MDF value.) Panel (d) shows the HES and HK completeness functions. The HES
completeness function is applied to the MDFs shown in panels (e)–(h).
(A color version of this figure is available in the online journal.)

Therefore, taken at face value, and bearing in mind the biases,
the apparent cutoff in the HES MDF at [Fe/H] = −3.6 is not
confirmed by our data. We identify 13 HES stars in our sample
that have [Fe/H] ! −3.7 (of which four are contained in the
work of Schörck et al. 2009 and Li et al. 2010). We speculate that
(1) stars in our sample having [Fe/H] < −3.7 were rejected as
having strong G bands (GP15 > 6 Å), and/or (2) our abundance
scale differs from that adopted in the Schörck et al. (2009) and
Li et al. (2010) analyses.

Regarding point (1), none of our objects has GP > 6 Å. In
particular, we note that the three most Fe-poor HES stars, all of
which have large [C/Fe] ratios, are not rejected by this criterion.
Concerning point (2), Figure 2 shows the metallicity difference
∆[Fe/H] = [Fe/H] (high resolution: this study) − [Fe/H]K
(medium resolution: Schörck et al. 2009; Li et al. 2010) versus

15 This is the Beers et al. (1999) index that measures the strength of the
4300 Å CH molecular features.

Teff , log g, [Fe/H], E(B − V), and GP. In each panel, we plot
the linear least-squares fit to the data, and show the formal
slope and uncertainty as well as the dispersion about the slope.
In all cases, the dispersion about the slope is compatible with
the value expected based on the convolution of the errors, σ
(combined) = 0.25 dex assuming σ (this study) = 0.15 dex
and σ (Beers et al. 1999) = 0.20 dex. The correlation between
∆[Fe/H] versus [Fe/H] is significant at the 2σ level (although
we caution that the errors on these two quantities are correlated),
indicating that as one moves to lower metallicity, the [Fe/H]
values from our high-resolution analysis are lower than those
based on medium-resolution spectra. Such a correlation would
help, in part, to explain why we do not find a cutoff in the MDF.
Possible explanations for this correlation include systematic
differences in the analyses, interstellar Ca absorption lines,
and/or CH molecular stellar lines in the region of the Ca ii K line.
Further insight into the differences from high-resolution and
medium-resolution spectra awaits larger comparison samples.

4

As an example: Surveys 
of metal-poor stars often 
have target selection biased 
toward metal-poor stars. To 
derive the true metallicity 
distribution function, the 
raw distribution needs to be 
corrected using the 
selection function.
Figure from Yong et al. 2013, ApJ 762:27
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are shown. The green dashed line is the raw HES MDF from Schörck et al. (2009), shifted by −0.29 dex and scaled to match our MDF at [Fe/H] = −3.5. Panel
(a) includes a regular histogram (dotted line) employing the Shimazaki & Shinomoto (2007) optimal bin width algorithm. Panel (c) shows the fractional uncertainty
in our MDF (e.g., a fractional uncertainty of 0.2 represents an error of 20% of the MDF value.) Panel (d) shows the HES and HK completeness functions. The HES
completeness function is applied to the MDFs shown in panels (e)–(h).
(A color version of this figure is available in the online journal.)

Therefore, taken at face value, and bearing in mind the biases,
the apparent cutoff in the HES MDF at [Fe/H] = −3.6 is not
confirmed by our data. We identify 13 HES stars in our sample
that have [Fe/H] ! −3.7 (of which four are contained in the
work of Schörck et al. 2009 and Li et al. 2010). We speculate that
(1) stars in our sample having [Fe/H] < −3.7 were rejected as
having strong G bands (GP15 > 6 Å), and/or (2) our abundance
scale differs from that adopted in the Schörck et al. (2009) and
Li et al. (2010) analyses.

Regarding point (1), none of our objects has GP > 6 Å. In
particular, we note that the three most Fe-poor HES stars, all of
which have large [C/Fe] ratios, are not rejected by this criterion.
Concerning point (2), Figure 2 shows the metallicity difference
∆[Fe/H] = [Fe/H] (high resolution: this study) − [Fe/H]K
(medium resolution: Schörck et al. 2009; Li et al. 2010) versus

15 This is the Beers et al. (1999) index that measures the strength of the
4300 Å CH molecular features.

Teff , log g, [Fe/H], E(B − V), and GP. In each panel, we plot
the linear least-squares fit to the data, and show the formal
slope and uncertainty as well as the dispersion about the slope.
In all cases, the dispersion about the slope is compatible with
the value expected based on the convolution of the errors, σ
(combined) = 0.25 dex assuming σ (this study) = 0.15 dex
and σ (Beers et al. 1999) = 0.20 dex. The correlation between
∆[Fe/H] versus [Fe/H] is significant at the 2σ level (although
we caution that the errors on these two quantities are correlated),
indicating that as one moves to lower metallicity, the [Fe/H]
values from our high-resolution analysis are lower than those
based on medium-resolution spectra. Such a correlation would
help, in part, to explain why we do not find a cutoff in the MDF.
Possible explanations for this correlation include systematic
differences in the analyses, interstellar Ca absorption lines,
and/or CH molecular stellar lines in the region of the Ca ii K line.
Further insight into the differences from high-resolution and
medium-resolution spectra awaits larger comparison samples.

4
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4SP: Object Selection Function: Front End 
4SP: Geometric and Observed SF: Back End

• 4SP: OSF optimizes input catalogues 
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• 4SP: GSF in HEALPix format - completeness information and 
achieved/limiting signal to noise ratio (SNR) for each HEALPix pixel in the 
coverage map

• 4SP: GOSF generates completeness functions specific to each survey 
and survey output parameter
– E.g. S1: completeness as a function of parallax, proper motion, metallicity, etc

Real Universe
Full target

catalogue

Targets for

4MOST

Observed

targets

Successful

targets

Target cata-

logue selection:

e.g. GAIA,

KiDS, eRosita

Selection

by Surveys
Selection by 4FS

Instrumental

selection function

S0 S1 S2 S3



• 4XP & 4GP template based, hence object classifications 
limited to the bounds of their training sets

• 4CP provides capability to widen scope of classification

• Observed target classification

– Basic target classification (confirm input classifications)

• 4CP classifications of 4GP sources

– Stellar binarity

– Stellar type

• 4CP classifications of 4XP sources

– Extragalactic galaxy sub-type: blazar, emission line galaxies etc

– Quasar redshift

4CP: The L2 Classification Pipeline
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4MOST Operational Rehearsals
Early science access to the 4MOST (simulated!) survey

Series of increasingly 
complex rehearsals to 
test the 4MOST data 
flow system
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4OpR1 tests the 
data interfaces 
including L2 
pipelines

Data flow diagram shown here illustrative only



4MOST Operational Rehearsals
IWG and Science team participation
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4OpR2 tests the data 
products including those 
from the L2 pipelines

Data flow diagram 
shown here

illustrative only



OpR2+ Science Team Outputs QA
examples from WEAVE OpR2.5 
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QA of pipeline outputs, 
e.g.:
• Sky fibre distribution
• Sky background 
• Spectral extraction
• Astrophysical parameters

Plots show some examples from a WEAVE LR halo 
field – OpR2.5 – fibres in a field, Vrad vs M_H, 
spectra extraction/classification (A1V star in this 
example)



4MOST Operational Rehearsals
IWG and Science team participation
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4OpR3 full simulation of 
multiple semester data runs 
testing complete processing 
system

Significant science team 
involvement in defining OBs 
and QA of output data 
products Data flow diagram 

shown here
illustrative only



4OpR 
Timeline 

version May 2019

Milestone Date
FDR May 2018
OpR Plan Released September 2018
‘Node’ Development Plans (provide what and by when) Early 2019

OpR1 Readiness Review / 4OpR1 KO 19 June 2019
OpR1 October 2019
Local Acceptance HRS July 2020
OpR2  Readiness Review June 2020
OpR2 September 2020
Local Acceptance LRS (A,B) March 2021
OpR3 Readiness Review January 2021

OpR3 April 2021
TRR August 2021
PAE February 2022
System AIV commences April 2022
Commissioning (OpR4) May 2022
PAC November 2022
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Gaia DR2 Sky: all sky high resolution
image shows Gaia source colour
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Credit: 
ESA/Gaia/DPAC 

Targets for 4MOST/ Simplifying 4MOST calibration


