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Instrument
Surveys
Ø consortium surveys
Øopen-time surveys

Operations
Ødifferences to the current ESO model
Øhandled by 4MOST consortium
Ø implications for applications, observations and data 

reductions

Procedures and policies

4MOST
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Wide-field multi-object spectrograph for VISTA
Ø field of view 4.2 deg2

Two simultaneous resolutions
Ømedium (R~4500 to 7000) 

with 1600 fibres  
Øhigh (R~20000) for 800 fibres

Messenger 175 (March 2019)
ESO workshop
ØPreparing for 4MOST. A community workshop introducing 

ESO’s next-generation spectroscopic survey facility.
Ø6-8 May 2019, Garching

Also: http://www.4most.eu/

4MOST Overview

The Messenger
No. 175 – Quarter 1 | 2019
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https://www.eso.org/sci/publications/messenger/toc.html?v=175&m=Mar&y=19
https://www.eso.org/sci/meetings/2019/4MOST.html
http://www.4most.eu/
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Main science drivers
ØCosmology, galaxy evolution, high-energy, transients, 

Milky Way structure
ØOptical spectroscopy complement to

• Euclid/LSST/SKA 
• eROSITA
• Gaia

Surveys only
Ø runtime: 5 years

Build and operated by consortium 
ØPI: Roelof de Jong (AIP)

Expected start of operations: 2022
Call for Letters of Intent: second half 2019

4MOST Overview
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Integrated system
ØVISTA and 3 spectrographs

4MOST Instrument
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Significant changes
to VISTA 
Øoptics
Øelectronics

Fibre positioner
Spectrographs
Ø2 low-resolution

• 812 fibres each

Ø1 high-resolution
• 812 fibres

4MOST Instrument
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1   s–1 accuracy on stellar radial veloci-
ties. The expected sensitivity is depicted 
in i ure  . The esti ated o ser in  
overheads are currently conservatively 
estimated to be 3.5 minutes per repoint-
ing of the telescope and 4.4 minutes  
per science exposure for repositioning of 
the fi res, o tainin  attached cali ration 
frames, and performing detector readout. 
We aim to reduce these overhead num-
bers in the future by executing more 
exposure setup activities in parallel and 
by reducing the number of attached 
night-time calibration exposures once we 
have established the stability and calibra-
tion reproducibility of the full system.

Operations

The 4MOST operations scheme differs 
from other ESO instrument operations  
in that it allows many different science 
cases to be scheduled simultaneously 
during one observation. To accommodate 
the range of exposure times required for 
different targets, the same part of the sky 
will be observed with multiple exposures 
and visits. Objects that require longer 
exposures will be exposed several times 
until their stacked spectra reach the 
required signal-to-noise. 4MOST opera-
tions also differ from the standard ESO 
scheme in that the 4MOST Consortium 
plays a primary role in planning the obser-
vations (Phase 2) and in reducing, analys-
in  and pu lishin  the data Phase  . 

Wave Front Sensing (WFS) cameras steer 
the active optics system of the telescope.

The AESOP fi re positionin  s ste  
based on the tilting spine principle can, 
within 2 minutes, simultaneously position 
all of the 24 6 science fi res that are 
arranged in a hexagonally shaped grid at 
the focal surface. The accurac  of fi re 
positioning is expected to be better than 
0.2 arcseconds thanks to a four-camera 

etrolo  s ste  o ser in  the fi re tips 
back-illuminated from the spectrograph. 
The tilting spine positioner has the advan-
ta e that each fi re has a lar e patrol 
area  each tar et in the science field of 
view can be reached by at least three 
fi res that o to one of the Lo - esolution 
Spectrographs (LRS) and one or two 
fi res that o to the i h- esolution 
Spectrograph (HRS). This ensures a high 
allocation efficienc  of the fi res to tar-
gets, even when targets are clustered.

Each spectrograph accepts 812 science 
fi res and si  si ultaneous cali ration 

fi res attached to either end of the spec-
trograph entrance slit. The covered wave-
length range and resolution of the LRS 
and HRS spectrographs are as listed in 
Ta le 1 and depicted in i ure 2. Each 
type of spectrograph has three channels 
in fi ed confi urations co erin  three 
wavelength bands, and is thermally invar-
iant and insulated (HRS) or temperature 
controlled (LRS) for sta bility. Each chan-
nel is e uipped ith a 6     6   CC  
detector ith lo  read noise  2.  elec-
trons per read) and with high, broadband 

uantu  efficienc . The spectra are 
 sampled with about three pixels per reso-
lution element.

A calibration system equipped with a 
continuum source, a Fabry-Perot etalon, 
and ThAr lamps can feed light through 
the telescope plus science fi res co -
bination and also directly through the 
si ultaneous cali ration fi res into the 
spectrograph slit to ensure accurate 
wavelength calibration. This will ensure 
that we can typically reach better than 
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Figure 1. Layout of the 
different subsystems  
of 4MOST on the VISTA 
telescope.

Figure 2. Spectral resolution in the three channels of 
the 4MOST High-Resolution (HRS, upper lines) and 
Low-Resolution Spectrographs (LRS; lower lines).

de Jong et al. 2019
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Specifications

4MOST Instrument

6 The Messenger 175 – March 2019

These Public Surveys are Guaranteed 
Time Observations (GTO) that the Con-
sortium receives in return for building the 
facility and for supporting ESO in the 
operation of 4MOST. Public Surveys of 
the ESO and the Chilean host country 
co unities ill fill the other 0  of 
a aila le fi re-hours in the first fi e ears 
of operation. These surveys will be cho-
sen by a one-time, competitive, peer- 
reviewed selection process, similarly to 
other ESO Calls for Public Surveys. Here, 
a fi re-hour is defined as one hour of 
observing time, including overheads, with 
one fi re  hence 4MOST offers 24 6 
fi re-hours e er  hour that it is o ser in .

Following this overview, which contains 
information on instrument performance 
and on the procedures associated with 
the use of 4MOST by the community, this 
issue of The Messenger includes addi-
tional articles on the 4MOST science 
operations model, the survey plan of the 
4MOST Consortium, and a description of 
the ten Public Surveys that the Consor-
tium intends to carry out. Together these 
articles are intended to prepare the ESO 
community for the proposal process that 
will commence in the second half of 2019. 
The process will start with a one-off 
opportunity for the submission of Letters 
of Intent to apply for Public Surveys to  

e e ecuted durin  the first fi e ears of 
4MOST operation.

Organisation

The 4MOST project is organised along 
three branches:
1.  Instrument — responsible for the 

 development, construction, and com-
missioning of the instrument hardware 
and associated software;

2.  Operations — for the planning, data 
reduction, archiving, and publishing of 
the observations including the associ-
ated data- o

3.  Science — the branch that develops 
the different Surveys and is responsible 
for science analysis and publication.

The instrument and operations branches 
are mainly performed by the 4MOST 
Consortium and are jointly called the 
4MOST Facility.

The instrument is under construction  
at a number of Consortium institutes, 
coordinated by the 4MOST Project  
Office located at the Lei ni -Institut f r 
Astrophysik Potsdam (AIP). Once the 
su  s ste s are finished at the different 
institutes, they will all be transported to 
Potsdam and extensively tested there  
as a full system before being shipped to 
Paranal. At Paranal the 4MOST instru-
ment will be installed, tested, and com-
missioned on the VISTA telescope.

The operations branch is led by the 
Operations Development Group, con-
sisting of the leads of the different sub-
systems and working groups involved in 
o ser ation plannin  and data- o . It 
also contains the 4MOST Helpdesk 
activities.

The science programme is organised  
into several surveys. The members of the 
survey teams are spread over all partici-
pating institutes and each team is led by 
one or more Survey Principal Investiga-
tors (Survey PIs). Coordination between 
all participating surveys is performed by 
the Science Coordination Board (SCB), 
consisting of all Survey PIs. The science 
branch is overseen by two Project Scien-
tists, one for Galactic and one for extra-
galactic science, who have both a science 
guidance and a managerial role.

Instrument

The 4MOST instrument design was driven 
by the science requirements of its key 
Consortium Surveys. Within a 2-hour 
observation 4MOST has the sensitivity to 
obtain redshifts of r = 22.5 magnitudes 
(AB) galaxies and active galactic nuclei 
(AGN), radial velocities of any Gaia source 
(G < 20.5 magnitudes [Vega]), stellar 
parameters and selected key elemental 
abundances with accuracy better than 
0.1  de  of G < 18-magnitude stars, and 
abundances of up to 15 elements of  
G < 15.5-magnitude stars. Furthermore, 
in a fi e- ear sur e  4MOST can co er 

 17 000 s uare de rees at least t ice 
and obtain spectra of more than 20 million 
sources with a resolution of R ~ 6500 
and more than three million spectra with 
a resolution of R  20 000 for the t pical 
science cases proposed. The main instru-
ment parameters enabling these science 
requirements are summarised in Table 1.

i ure 1 pro ides an o er ie  of the ain 
instrument subsystems. A new Wide  
Field Corrector (WFC) equipped with an 
Atmospheric Dispersion Compensator 
(ADC) that provides corrections to a 
55-degree zenith angle distance  creates 
a focal surface with a 2.6-degree diameter. 
Two Acquisition and Guiding (A&G) cam-
eras ensure correct pointing, while four 

Instrument parameter Design value

Field of View (hexagon) ~ 4.2 square degrees (Ø = 2.6 degrees)

Accessible sky (zenith angle < 55°) > 30 000 square degrees

E pected on-tar et fi re-hours per ear LRS: > 3 200 000 h yr –1, HRS > 1600 000 h yr –1

Multiple  fi re positioner 2436

Low-Resolution Spectrographs LRS (× 2)
Resolution
Nu er of fi res
Passband
Velocity accuracy
Mean sensiti it  6   20 in, ean seein ,
ne  oon, S/N  10  –1 (AB-magnitude)

<R> = 6500
12 fi res
700 9 00 
 1   s –1

4000 : 20.2, 000 : 20.4, 6000 : 20.4,
7000 : 20.2, 000 : 20.2, 9000 : 19.

High-Resolution Spectrograph HRS (× 1)
Resolution
Nu er of fi res
Passband
Velocity accuracy
Mean sensiti it  6   20 in, ean seein ,

0  oon, S/N  100  –1 (AB-magnitude)

<R> = 20 000
12 fi res
926 4 , 160 7 0, 6100 6790 
 1   s –1

4200 : 1 .7, 400 : 1 . , 6 00 : 1 .

Smallest target separation 15 arcseconds on any side

 of fi res in rando    2 arc inute circle  

Fibre diameter Ø = 1.45 arcseconds

Table 1. 4MOST e  instru ent specifications.

4MOST de Jong R. S. et al., 4MOST: Project overview

de Jong et al. 2019
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Fibre positioner
Ø2436 fibres

• patrol diameter 2.4x pitch
• minimum separation ~20”
• reconfiguration time <2 min during CCD readout

4MOST Instrument
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2 low-resolution spectrograph and 1 high-resolution 
spectrograph, each with:
Ø3 arms spectrograph, 3 CCDs 6k x 6k 
Ø812 science fibers per spectrograph
ØThermally stabilized

4MOST Instrument
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1   s–1 accuracy on stellar radial veloci-
ties. The expected sensitivity is depicted 
in i ure  . The esti ated o ser in  
overheads are currently conservatively 
estimated to be 3.5 minutes per repoint-
ing of the telescope and 4.4 minutes  
per science exposure for repositioning of 
the fi res, o tainin  attached cali ration 
frames, and performing detector readout. 
We aim to reduce these overhead num-
bers in the future by executing more 
exposure setup activities in parallel and 
by reducing the number of attached 
night-time calibration exposures once we 
have established the stability and calibra-
tion reproducibility of the full system.

Operations

The 4MOST operations scheme differs 
from other ESO instrument operations  
in that it allows many different science 
cases to be scheduled simultaneously 
during one observation. To accommodate 
the range of exposure times required for 
different targets, the same part of the sky 
will be observed with multiple exposures 
and visits. Objects that require longer 
exposures will be exposed several times 
until their stacked spectra reach the 
required signal-to-noise. 4MOST opera-
tions also differ from the standard ESO 
scheme in that the 4MOST Consortium 
plays a primary role in planning the obser-
vations (Phase 2) and in reducing, analys-
in  and pu lishin  the data Phase  . 

Wave Front Sensing (WFS) cameras steer 
the active optics system of the telescope.

The AESOP fi re positionin  s ste  
based on the tilting spine principle can, 
within 2 minutes, simultaneously position 
all of the 24 6 science fi res that are 
arranged in a hexagonally shaped grid at 
the focal surface. The accurac  of fi re 
positioning is expected to be better than 
0.2 arcseconds thanks to a four-camera 

etrolo  s ste  o ser in  the fi re tips 
back-illuminated from the spectrograph. 
The tilting spine positioner has the advan-
ta e that each fi re has a lar e patrol 
area  each tar et in the science field of 
view can be reached by at least three 
fi res that o to one of the Lo - esolution 
Spectrographs (LRS) and one or two 
fi res that o to the i h- esolution 
Spectrograph (HRS). This ensures a high 
allocation efficienc  of the fi res to tar-
gets, even when targets are clustered.

Each spectrograph accepts 812 science 
fi res and si  si ultaneous cali ration 

fi res attached to either end of the spec-
trograph entrance slit. The covered wave-
length range and resolution of the LRS 
and HRS spectrographs are as listed in 
Ta le 1 and depicted in i ure 2. Each 
type of spectrograph has three channels 
in fi ed confi urations co erin  three 
wavelength bands, and is thermally invar-
iant and insulated (HRS) or temperature 
controlled (LRS) for sta bility. Each chan-
nel is e uipped ith a 6     6   CC  
detector ith lo  read noise  2.  elec-
trons per read) and with high, broadband 

uantu  efficienc . The spectra are 
 sampled with about three pixels per reso-
lution element.

A calibration system equipped with a 
continuum source, a Fabry-Perot etalon, 
and ThAr lamps can feed light through 
the telescope plus science fi res co -
bination and also directly through the 
si ultaneous cali ration fi res into the 
spectrograph slit to ensure accurate 
wavelength calibration. This will ensure 
that we can typically reach better than 

Low-Resolution
Spectrographs 

High-Resolution
Spectrograph 

Wide Field
Corrector 

Fibre
positioner

Metrology
cameras 

Calibration
illumination 

0

2000

4000

6000

8000

10 000

12 000

14 000

16 000

18 000

20 000

22 000

3500 4500 5500 6500 7500 8500 9500

S
pe

ct
ra

l R
es

ol
ut

io
n

Wavelength (Å)

Blue

Green

Red

Figure 1. Layout of the 
different subsystems  
of 4MOST on the VISTA 
telescope.

Figure 2. Spectral resolution in the three channels of 
the 4MOST High-Resolution (HRS, upper lines) and 
Low-Resolution Spectrographs (LRS; lower lines).
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different subsystems  
of 4MOST on the VISTA 
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Figure 2. Spectral resolution in the three channels of 
the 4MOST High-Resolution (HRS, upper lines) and 
Low-Resolution Spectrographs (LRS; lower lines).

de Jong et al. 2019



4MOST will be a survey facility
4MOST will run GTO (“consortium”; 70% of fibre
hours) and open-time (“community”; 30%) surveys
Only one call for open-time surveys 
Øduration 5 years

Both consortium and community surveys will be 
public surveys à raw data public immediately
High multiplexing requires that 4MOST surveys are 
executed in parallel observing mode: different 
surveys share the 4MOST focal plane 
Due to survey nature no ToO possible

4MOST Surveys

4MOST - Santiago, 4 April 2019
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Science themes

4MOST Consortium Surveys

Galactic Archeology
Gaia and PLATO

High-energy sky
eROSITA

WAVES	Science	Headlines	
-  DisPnguish	between	CDM,	WDM	and	SIDM	
-  Probe	to	very	very	low	stellar	masses	
-  Halo	evoluPon	to	z~1	
-  Bulge-disc	decomposiPon	to	z~1	(disc	growth)	

WAVES	Science	Headlines	
-  DisPnguish	between	CDM,	WDM	and	SIDM	
-  Probe	to	very	very	low	stellar	masses	
-  Halo	evoluPon	to	z~1	
-  Bulge-disc	decomposiPon	to	z~1	(disc	growth)	

WAVES	Science	Headlines	
-  DisPnguish	between	CDM,	WDM	and	SIDM	
-  Probe	to	very	very	low	stellar	masses	
-  Halo	evoluPon	to	z~1	
-  Bulge-disc	decomposiPon	to	z~1	(disc	growth)	

Galaxy evolution
VST/VISTA

Cosmology
Euclid/LSST/SKA
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Description in Messenger 175
Ø https://www.eso.org/sci/publications/messenger/toc.html?v=175&m=Mar&y=19

Presented at 4MOST workshop in May

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 Disc and Bulge LR Survey (4MIDABLE LR)  Chiappini, Minchev, Starkenburg (AIP)

S4  Milky Way Disc and Bulge HR Survey (4MIDABLE HR)  Bensby (Lund), Bergemann (MPIA)

S5  Galaxy Clusters Survey  Finoguenov (MPE)

S6  AGN Survey  Merloni (MPE)

S7  Galaxy Evolution Survey (WAVES)  Driver (UWA), Liske (UHH)

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

S9  Magellanic Clouds Survey (1001MC)  Cioni (AIP)

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

Table 2. 4MOST Consortium Surveys and their Principal Investigators. After selection of all Consortium and 
Community Surveys through ESO’s peer 
review process for Public Surveys pro-
posals, the selected programmes will be 
invited to submit survey management 
plans, approval of which by the ESO 
Director General is mandatory before the 
final acceptance of a Pu lic Sur e . The 
survey management plan will contain a 
detailed list of science data products and 
timeline for their release. For Consortium 
and Participating Community Surveys a 
single, joint survey management plan  
will be delivered. For Non-Participating 
Community Surveys, each Survey PI will 
be responsible for the delivery of a survey 
management plan.

Phase 2
After selection, the members of the Par-
ticipating Community Surveys will join  
the Consortium Surveys to form the joint 
Science Team. The Community Survey 
PIs will become members of the Science 
Coordination Board and it is expected 
that the Community Surveys will provide 
staff effort to the different 4MOST work-
ing groups, most notably those on survey 
strategy, selection functions, quality 
assurance, and, if they so wish, higher- 
level pipelines. The target catalogues of 
the Community Surveys will be merged 
with those of the Consortium and through 
an iterative process a joint survey plan 
will be developed to observe all targets. 
Once the final o ser in  strate  has 
been agreed upon, only small changes  
in strategy will be allowed during the 
operations phase without approval by the 
SCB and/or ESO. The 4MOST Operations 
Group provided by the Consortium will 
create all Observing Blocks running on 
4MOST.

Non-Participating Surveys will not join  
the Science Team, but will be provided 
with software to create and submit their 
own Observing Blocks which will be 
scheduled on their assigned (half) nights. 
An  si nificant chan es fro  the ori inal 
Non-Participating Survey plan will have  
to be approved by ESO.

Phase 3
As with ESO’s Public Survey policies, 
4MOST Survey programmes have data 
delivery obligations to ESO and its com-
munity. All 4MOST raw data will become 
available as soon as they have been 

The community can propose for one  
of two types of Survey programmes with 
4MOST.

1) Participating Surveys from the ESO 
community will join the Consortium  
Surveys in a common observing pro-
gramme, where they share the available 
fi res in each o ser in  loc  and are 
char ed  fi re-hours onl  for their frac-

tion of fi res used. The  also share the 
time spent on any duplicate targets in 
common between surveys, get full access 
to all data from the Consortium and par-
ticipating community programmes, and 
are invited to collaborate in the higher- 
level data analysis and publication efforts.

2) Non-Participating Surveys get their 
own (half) nights on the telescope and 

ill e char ed  fi re-hours for the full 
24 6 fi res durin  that ti e re ardless of 

hether the  can all e filled. These sur-
veys will receive calibrated and extracted 
spectra from the Consortium data man-
agement system, but will not have access 
to any data other than their own and they 
will be responsible for delivering higher- 
level data products to the ESO archive on 
their own. While many aspects are the 
same for Participating and Non-Participat-
ing Surveys, critical differences during 
the various execution phases of the Sur-
veys are highlighted below.

Phase 1
4MOST Phase 1 will begin with a Call for 
Letters of Intent. Each Letter of Intent is 
expected to set out: the science goals of 
the proposed survey; a description of its 
scope (for example, the number of tar-
gets and their distribution on the sky, the 
targets’ luminosity range, the approxi-

ate nu er of fi re-hours needed  an 
initial list of Survey team members and 
their roles (i.e., a simple management 
plan); and whether the proposal is for a 
Participating or Non-Participating Survey. 
To estimate the feasibility and scope of 
the observations an Exposure Time 
 Calculator (ETC) will be provided through 
an ESO web interface for single targets, 
and through an ETC tool from the 4MOST 
Consortium for many targets at once. 
After a peer review of the Letters of Intent 
that will be managed by ESO, a number 
of teams will be invited to respond to the 
4MOST Call for Proposals, at which time 
ESO may suggest that some of the com-
munity proposals merge with other com-
munity or Consortium proposals.

At this stage a more detailed science 
case will be required as well as a full 
(mock) target catalogue with template 
spectra, spectral success criteria, and  
a total survey goal encapsulated by a 
 fi ure of erit. A e - ased ersion of 
the 4MOST Facility Simulator (4FS) will  
be provided, allowing proposers to check 
the feasibility of their proposed survey. 
4FS will provide an estimate of the num-
ber of successfully observed targets in  
a fi e- ear sur e  hen run either stand-
alone (Non-Participating proposals) or  
in conjunction with the Consortium Sur-
veys (Participating proposals) and the 
re uired nu er of fi re-hours. Clearl , 
proposals that are well matched to the 
overall observing strategy of 4MOST as 
described in the 4MOST Survey Plan arti-
cle in this edition (for example, surveys 
with sparsely distributed targets or with 
looser completeness requirements) have 
a higher chance of being successfully 
executed in the amount of time available.

de Jong et al. 2019

https://www.eso.org/sci/publications/messenger/toc.html?v=175&m=Mar&y=19
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year survey period. Because OBs that 
drive the observations on the telescope 
are re-created in intervals of three days, 
this is also the lead time for adding tran-
sient objects. Data from the LSST survey 
will provide several live transients with 
durations of several weeks that are visible 

ithin one 4MOST field of ie  at an  
pointing on the sky. These transients are 
bright enough that, by adding these tar-
gets 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 

  00 s uare de rees , conti uous areas 
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 
indi idual fi res for each science e po-
sure. Therefore the instrument has the 
capability to take one additional calibration 
a fi re at  per science e posure durin  
the ni ht if needed. elati e u  cali ra-
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. 

or s  su traction a fi ed percenta e  
of fi res ill e allocated to e pt  s  
regions. To monitor the quality and cor-
rectness of the data reduction process, 
radial elocit , u , and telluric standard 
stars will be observed. Commis sioning 
will be used to test the data reduction 
and analysis pipelines on real data.

Supplementary targets

Normal completeness requirements  
of surveys that are used for statistical 
inferences result in inefficiencies in 
assi nin  all fi res to tar ets once ost 
targets have been completed. In order  
to increase the 4MOST scientific out-
come, the science team will add targets 
to fill these unscheduled fi res. Supple-
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 
onl  added to a oid e pt  fi res. There-
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 
fi e ears, after hich a fraction of the  
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-

ent perfor ances ill i pact the final 
strategy, as well as further advances  
in the fields of the presented science 
cases. As the 4MOST project progresses 
to ards first li ht ore features ill e 
added to the 4MOST Facility Simulator to 
increase the fidelit  of real o ser ations 
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. 

Brightness range
(magnitudes)

1 .0  G  20.0

12.0  G  17.0

4.0  G  19.0

10.0  G  1 .

1 .0  r  22.0

1 .0  r  22.

1 .0  r  22.

20.0  r  2 .9

10.   G  19.

1 .0  r  22.

Targets
(millions)

1.5

1.5

10.0

2.5

1.7

1.0

1.6

8.0

0.5

0.3

> 28

Table 2. The minimal 
number and typical 
magnitude range of 
targets that each  
Consortium Survey 
expects to observe 
in the first fi e- ear 
survey of 4MOST.

Consortium Survey

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

Guiglion et al. 2019
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Open-time surveys (“community surveys”)
Ø selected through the ESO Public Survey process

• Call for Letters of Intent
• Evaluation by the ESO Public Survey Panel

– assessing conflicts with consortium surveys
• Invitation to selected projects to submit a proposal
• Evaluation by PSP with recommendation to OPC and ESO DG
• Recommendation by OPC to ESO DG
• Negotiations of Survey Management Plan with ESO

Distinction between two survey types
Ø “participating” surveys

• share the focal plane (and operations) with consortium surveys

Ø ”non-participating” surveys
• ‘stand-alone’ surveys à operational impact

4MOST Surveys
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Participating surveys
Øwill be executed together with the consortium surveys

• common observation preparation
• common selection function computation
• multiple surveys in same observation, i.e. sharing of focal plane
• sharing of 1-dimensional spectra (reduction level 1)
• accounting in fibre hours

Non-participating surveys
Øwill not be executed together with the participating 

surveys
• no sharing of the focal plane, i.e. observation restricted to 

particular survey
• software and support for OB preparation by 4MOST consortium
• raw data will be reduced by the 4MOST Consortium and 1D 

calibrated spectra delivered to the PIs 

4MOST Surveys
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Participating surveys
Ø fully integrated approach
Ø fibres mixed together for the observations
Øuniform data reductions of all observations
Ø reduced data distributed to the individual surveys
Ø reduced data delivered to ESO according to single survey 

management plan
Non-participating surveys
Ø independent of the participating surveys
Ø receive individual observing nights

• each exposure counts as 2436 fibres, whether allocated or not
Øhigher-level data products according to survey 

management plan agreed with ESO

4MOST Surveys
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More information at 
www.4most.eu/cms/science/community

4MOST Surveys

http://www.4most.eu/cms/science/community
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Survey solicitation and selection done by ESO 
through Public Survey process (Phase 1)
Operations handled by 
Ø4MOST consortium (Phase 2 and data reductions)
ØESO (observations)

Data distributed through the ESO Science Archive 
Facility (Phase 3)

4MOST Operations
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10 consortium surveys presented to community
ØMessenger 175, March 2019 
Ø4MOST workshop, May 2019

Call for Letters of Intent
Ø2nd half 2019
Ø tools (ETC) provided by ESO and 4MOST consortium
Øpresent science project, required observations and team
Ø time unit will be fibre hours 

• number of fibres times exposure time

Public Survey Panel (PSP)
Øevaluates the science cases of the projects
Ømay recommend merging of surveys
Ø recommends survey projects for proposals

4MOST Survey Selection
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Proposal solicitation to selected projects
Proposal selection
Ø recommendations by PSP

• will assess how the surveys will match overall observing 
efficiency

Ø recommendations by OPC
Øapproval by ESO DG

Selection is independent of whether a survey is 
participating or non-participating
Participating surveys are merged with the 
consortium surveys into a single survey 
Ø they are handled identically for all following steps

4MOST Survey Selection (2)
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Participating surveys
Ø target catalogues merged (consortium and participating 

surveys)

Ø single joint survey plan

Ø4MOST operations group prepares OBs

Ø single Science Team

ØPIs form the Science Coordination Board

Ø shared effort on
• survey strategy
• selection functions
• quality assurance
• higher-level pipelines

Øhigh-level data delivered to ESO archive

4MOST Operations
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These could, for example, be require-
ments on the signal-to-noise ratio (S/N) 
per target, or on the sky area to be 
 covered. An additional consideration is 
that, owing to the nature of multi-object 
spectrographs, the spectra of targets will 
 partially overlap on the detector (cross-
tal  et een nei h ourin  fi res on the 
CCD). This implies that all Participating 
Surveys will have to fully share the raw 
data as well as the calibrated spectra in 
order to be able to assess and mitigate 
the impact of this cross-talk effect on 
their science.

4MOST operations have been designed 
to work within ESO’s La Silla Paranal 
Observatory framework, with as few 
changes to infrastructure and processes 
as possible. Still, two main differences 
from the standard ESO science opera-
tions model are necessary: (1) a joint sci-
ence team for all Participating Surveys 
(i.e., including Community Surveys as 
well as those from the instrument-build-
ing Consortium); (2) common centralised 

tasks in observation preparation and  
data management that are provided as a 
service by the Consortium.

The survey nature of 4MOST operations 
means that Targets of Opportunity or 
time-constrained observations on times-
cales shorter than a few days cannot be 
accommodated. However, transients  
that are numerous enough that they fall in 
randomly distributed 4MOST pointings 
can be observed if they can be included 
into the data stream with a few days lead 
time. Also, targets that require re-visits 
with a certain cadence can, in principle, 
be accommodated, in particular for deep 
fields re uirin  an  isits. To ards the 
end of this paper we discuss the distinct 
case of Non-Participating Surveys, i.e., 
surveys that wish to use 4MOST in single 
survey mode.

ithin 4MOST e define three data le els 
as follows: Level zero (L0) data are raw 
data, calibration data, environmental 
data, and lo  files  Le el one L1  data are 

one-dimensional (1D), calibrated, science- 
ready spectra extracted from the raw 
data; and Level two (L2) data are prod-
ucts resulting from the science analysis 
of 1D spectra, in particular physical prop-
erties of 4MOST targets. Examples of L2 
data include elemental abundances for 
stars or redshifts and e ission line u es 
for galaxies. L2 products also include 
spectra stacked over several OBs. L2 
products that are to be delivered to ESO 
in Phase 3 are deliverable L2 (DL2) prod-
ucts. Any survey may also generate addi-
tional L2 (AL2) products.

Organisational setup and roles

An organisation chart for the operations 
phase is sho n in i ure 1. The Sci- 
ence Tea  is co posed of all scientific 
 members of all Consortium and Partici-
pating Community Surveys; it is the 
 primary exploiter of 4MOST data. The 
Science Coordination Board represents 
the 4MOST Surveys and consists of all 

Science

Science Team

Operations

4MOST Principal 
Investigator

4MOST Executive Board

ESO

ESO Instrument
Scientist

On-mountain
Operations

ESO Archive
(SAF)

Technical
support

Exposure Time
Calculator

Quality Control 1

Operations Manager Project Scientists

Policies Board(s)

Community
Surveys

Non-participating
Surveys

Consortium
Surveys

Joint Operations Group

Legend

ESO

Consortium

Community

Operations 
System

Data Management
System

Consortium
Helpdesk

Technical support

Science 
Coordination Board

Infrastructure
Working Groups

Figure 1. Organigram of operations and 
science-related work packages during the 
operations phase of 4MOST.Walcher et al. 2019
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Extensive survey strategy planning
Ø survey area −70° < & < −5°
Ø currently based on the 10 consortium surveys
Øwill be extended to include the participating surveys, 

when they are selected

4MOST Operations
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Observing conditions

Because many targets from different sur-
veys are observed simultaneously, pro-
posers cannot re uest specific o ser in  
conditions (seeing, Moon) on a per target 
level. In order to avoid having too wide  
a range in target brightness in one area 
of the sky and to simplify scheduling, the 
Consortiu  has identified the disc plane 
of the Milky Way as the region that will 
predominantly be observed during bright 
time, with the rest of the sky devoted 
mostly to grey and dark time. This means 
that tar ets ith a fi re lu inosit  fainter 
than that of the bright sky will be hard to 
schedule at low Galactic latitude, with the 
possible exception of some areas near 
the bulge where some dark/grey time will 
be used. The algorithm to assign targets 
and sky areas to dark/grey/bright observ-
ing time is still being improved and hence 
current diagrams are based on a simpli-
fied approach and are onl  indicati e of 
the final strate .

Observers will not be able to specify 
 seeing conditions for their observations. 
When necessary, longer exposure  
ti es ill e used for a field to atch  
the observing conditions. On a larger 
scale, we expect to tune the scheduling 
algorithm such that areas with many 
background-limited, point-like sources  
or regions that are hard to complete (for 

ti es in the different fi re confi urations 
until they reach the required S/N. To save 
the overheads of repositioning the tele-
scope and acquiring guide stars, several 
fi re confi uration e posures can e 
grouped into one Observation Block (OB) 
that is then observed in one telescope 
visit at that pointing. While we expect that 
exposure times will be typically of order 
20 minutes, shorter times will be used in 
areas with many bright sources at the 
cost of some extra overheads. The maxi-
mum individual exposure time for a con-
fi uration is set at 0 inutes, ecause 
changing differential refraction across the 
field ould cause fi res to drift if e posed 
much longer.

The fi re usa e efficienc  of a rid- 
ased fi re positioner such as that used 

by 4MOST is increased when the  
tar et densit  is si nificantl  hi her than  
the fi re densit  in the field of ie . 
Therefore, science cases that can pro-
vide many more interchangeable targets 
than needed to fulfil the science case 
increase the efficienc  of the oint sur e  
programme.

To get a feeling for what is possible with 
4MOST, we can assume a baseline 
 strategy of visiting a large fraction of the 
southern sky twice, with each visit having 
three fi re confi urations e posed for 
20  inutes each. i en that Paranal pro-
vides about 300 useable nights per year 
with on average duration of 9 hours, along 

ith 4MOST s field of ie  of 4.2 s uare 
degrees, we can expect to cover about 
21 000 s uare de rees in a fi e- ear sur-
vey with two hours total exposure time, 
assuming about 75% effective open shut-
ter time. Such a basic strategy would 

allow one to cover the entire sky in the 
declination range –70 < dec < 5 degrees. 
This particular preferred declination range 
was chosen for two reasons. Firstly,  
one needs to avoid having to cover too 
much sky in the north where observing 
time is limited by the regular occurrence 
of strong northerly winds at Paranal. 
 Secondly, the 4MOST Atmospheric Dis-
persion Corrector only functions up to  
a 55-degree zenith distance and hence 
observations at airmasses larger than 
1.7  ill see si nificant sensiti it  losses 
at the ends of the spectral range. There-
fore, large numbers of particularly long 
observations at dec < –70 degrees 
should be avoided.

To cover special areas on the sky with 
exposures longer than two hours or out-
side this fiducial declination ran e there-
fore requires giving up coverage and/or 
total exposure time within certain areas  
of this sky declination range. A descrip-
tion of the relative coverage of different 
regions by the 4MOST Consortium Sur-
veys is provided below.

4MOST Guiglion G. et al., 4MOST Survey Strategy Plan

Equatorial

24h 18h 12h 6h 0h
30°

–30°

–60°

0°

5198 870 targets

10 100 1000 10 000
Object counts per degree2

20 86 9 896  targets

24 h 18h 12h 6 h 0h

Equatorial

30°

–30°

–6 0°

0°

10 100 1000 10 000
Object counts per degree2

Figure 1. The summed target densities of Consor-
tium Surveys for the HRS (upper left) and the LRS 
(upper right) sampled to the requested complete-
ness, as a function of RA and dec. The area covered 
is represen tative the current survey plan. The lower 
panel presents histograms of the targets as a func-
tion of RA. 
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Three data levels
ØLevel 0

• raw data

ØLevel 1
• 1-dimensional, calibrated, science-ready spectra

ØLevel 2
• products from data analysis

– examples include
» elemental abundances
» redshifts
» emission line fluxes
» stacked spectra

4MOST Operations
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More details at 
www.4most.eu/cms/operations/operations-model/

4MOST Operations

http://www.4most.eu/cms/operations/operations-model/
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Participating surveys
ØSingle science team for all surveys
Ø share survey strategy, OBs, level 1 data products, 

selection function analysis and optionally level 2 data 
products

Ødata open to all science team members, but core science 
protected per survey

Øpublications limited to approved projects

4MOST Policies
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4MOST Messenger
https://www.eso.org/sci/publications/messenger/toc.html?v=175&m=Mar&y=19

The Messenger
No. 175 – Quarter 1 | 2019
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4MOST Website


