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4DWARFS



Motivation:  
The Science 



(I) ORIGIN

Salvadori et al. 2015, 2019

• Dwarf galaxies are intrinsically metal-
poor. 


• Ideal laboratories to study yields of the 
first zero-metallicity stars


• Detailed comparison between surveys 
will reveal how much dwarf galaxies of 
different sizes have contributed to the 
metal-poor halo, [Fe/H]<-2



(I) ORIGIN

• 4DWARFS will quantify the fraction of stars that were born from material produced by 
zero-metallicity, massive (>150 M☉), pair instability supernovae (PISN). 


Salvadori et al. 2015, 2019



(I) ORIGIN

• 4DWARFS will quantify the fraction of stars that were born from material produced by 
zero-metallicity, massive (>150 M☉), pair instability supernovae (PISN). 


(I) ORIGIN: Key requirements 
• High number statistics to find and quantify rare populations 
• A range of dwarf galaxies of various sizes 

Salvadori et al. 2015, 2019



(II) EVOLUTION

• The effects of delayed nucleosynthetic 
channels are especially prominent in dwarf 
galaxies


• 4DWARFS will constrain the fundamental 
physics of nucleosynthesis, i.e. measure 
yields, metallicity dependence and time-
delay distributions. 


• Especially important for the r-process, 
where Sagittarius and Fornax show a 
unique enhancement


• Highly complimentary to the Consortium 
Galactic HR surveys & S10 TiDES


Skúladóttir & Salvadori 2020
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(I) EVOLUTION: Nucleosynthetic channels 
• High S/N spectra with HRS and LRS 
• Dwarf galaxies with different star formation histories 



(III) GLOBAL PICTURE 

Cicuendez & Battaglia 2018

Dwarf galaxies are key for the study of the hierarchical galaxy formation

• 4DWARFS will quantify the number of 
mergers happening in dwarf galaxies of 
various sizes


• 4DWARFS will be vital to quantify how much 
dwarf galaxies (and of which sizes) have 
contributed to the build-up of the Milky Way 


• High-precision radial velocities, chemical 
abundances and age estimates will allow us 
to fully characterise the disruption of 
Sagittarius and its influence on the Milky 
Way. 


• Reveal the structure of dark-matter in these 
dark-matter-dominated systems


• Highly complementary to all other Galactic 
4MOST surveys 
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(I) GLOBAL PICTURE: Hirarchical galaxy formation 
• Large number statistics 
• Full spatial coverage of dwarf galaxies and their streams 
• Radial velocities, chemical abundances and stellar ages 



The 4DWARFS survey 



4DWARFS 



Target Selection

• Without 4DWARFS, 
4MOST will have a very 
limited and biased view 
of Sagittarius and the 
Sagittarius stream


• Other dwarf galaxies too 
faint for the consortium  
HR halo survey.



4DWARFS 

• Chemical abundances in 
all dwarf galaxies in the 
Southern hemisphere 
using both LRS and HRS


• ~120,000 stars with 
detailed chemical 
abundance 
measurements (>15 
elements) in dwarf 
galaxies + the Sagittarius 
stream



Magnitude distribution

• LRS: ~2/3 of fibre hours


• HRS:~1/3 of fibre hours



4MOST needed!
• WEAVE cannot do a comparable survey


• Sagittarius, Fornax and Sculptor are not accessible

• The majority of the Sagittarius stream is in the South


• Other facilities

• Typically more than an order of magnitude more telescope time for only ~1/4 

of 4DWARFS


• MOONS:

• Field of view 500 - cannot cover full spatial extent arcmin2

• NIR/IR: >650nm - most of the diagnostics of heavy elements + the low 

metallicity tail is at <500nm

• Different abundance scale relative to 4MOST! 


No other available or planned facility that can observe these dwarf 
galaxies as efficiently as 4MOST 

4MOST is a unique facility for 4DWARFS 



Conclusions
• 4DWARFS is a proposed 4MOST community survey 


• All dwarf galaxies in the Southern Hemisphere

• The Sagittarius stream + the Omega Cen stream

• Targets: 130,000 stars

• Total observational time: 512k fibre hours (~1/3 HRS and ~2/3 LRS)


• Science goals: 
• (I) ORIGIN: First stars

• (II) EVOLUTION: Nucleosynthetic channels (SNIa, AGB stars, NSM)

• (III) GLOBAL PICTURE: Hierarchical galaxy formation

•Other: IMF variations, globular clusters, lithium-rich giants etc.


•Will provide radial velocities, chemical abundances and ages for all the target stars 

• 4DWARFS will increase the number of stars in dwarf galaxies and streams with detailed 
abundance information (>15 elements) by several orders of magnitude, ensuring the 
far-reaching impact of this survey. 

•Highly complementary to existing Galactic surveys, as well as S10 TiDES 

4DWARFS can only be done with 4MOST!



Survey metrics



Targets



Exposure time estimates


