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MegaMapping Dark Matter 



Need for massively multiplexed 
spectroscopy is clear 

•  LSST will detect ~10 billion stars and 
~20 billion galaxies over ~20000 deg2 

• Maximizing the science obtained in 
many fields will require extensive 
follow-up 



Multi-Object spectroscopy 
parameter space 

•  Spectroscopic survey speed depends on:  
–  collecting area 
–  field of view 
–  multiplexing 

MSE: 11.25m diameter, 1.5 deg2, 4332 fibers 
SpecTel: 11.4m diameter, 5 deg2, 15000 fibers 
MM: 6.5m diameter, 7 deg2, 20000 fibers 

MSE 

Mega-
Mapper 



MegaMapper delivers 10× DESI survey speed 
(exceeds any other cost-effective future designs) 

Schlegel et al. (2019) 



MegaMapper concept 

•  Copy of Magellan telescopes 
–  Modify primary mirror shape to increase FOV 
–  Straightforward to construct, 15+ years of 

operating experience 
–  Much cheaper than a custom 11m telescope 

• Use 32 DESI spectrographs  
–  16 will already exist from DESI+SDSS-V 

•  Shrink DESI fiber positioners 
–  Reduce pitch from 10.4mm to 6.2mm to 

allow 20K to fit in the focal plane 



Cosmology survey 

•  5-year redshift survey at z>2 proposed 
as a next-gen DESI-like experiment 

Schlegel et al. (2019) Ferraro et al. (2019) 

MegaMapper DESI 



Enormous range of applications 

• Dwarf galaxy/stellar stream spectroscopy 
•  Chemodynamical survey of 106 halo stars 
•  Stellar evolution survey of clusters to 

measure rotation and magnetic fields 
•  Supermassive BH demographics from AGN 

monitoring 
•  IGM tomography 
•  LSST photo-z training sets 
•  . . .  

Najita et al. (2016) 



Dark matter with MegaMapper 

Movie courtesy of Ray Carlberg 



Dark matter with MegaMapper 

• Dynamics of stellar streams are 
sensitive to dark matter substructure 

Bonaca et al. (2019) 



Dark matter with MegaMapper 

• Dynamics of stellar streams are 
sensitive to dark matter substructure 

de Boer et al. (2020) 



Dark matter with MegaMapper 

•  Kinematics of stellar streams depend 
on perturber properties 

Bonaca et al. (2019) 

-  Need ~1 km s-1 velocities 
-  MegaMapper will increase 

available sample size/
surface density by >10× 
relative to AAT 



Dark matter with MegaMapper 

•  Streams can substantially improve mass 
measurements for the Milky Way 
–  Current uncertainties ~50% 
–  Affects predicted DM density near Sun and 

MW satellite population 

Bonaca & Hogg (2018) 



Dark matter with MegaMapper 

• Dwarf galaxy density profiles 
–  Measuring with RVs alone requires 104 stars 

Chang & Necib (2020) 
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Dark matter with MegaMapper 

•  Confirming/measuring masses of newly 
discovered dwarf galaxies 
–  Tightens minimum halo mass constraints 
–  Improves J-factors for γ–ray observations 

Confirming Rubin dwarf 
candidates will require: 
~1 yr of wide-field MOS 
observations OR an ELT 

Nadler et al. (2020) Najita et al. (2016), Simon et al. (2019) 



• Wide-field multi-object spectroscopy can 
have a significant impact on DM models 
–  Velocity measurements for stream stars will: 

§ Constrain the mass function below 107 M¤ 
§ Determine the mass of the Milky Way 

–  Velocity measurements of dwarf galaxies will: 
§ Tighten constraints on minimum halo mass 
§ Determine dark matter density profiles 

• MegaMapper will be the most cost-
effective facility with these capabilities 

Summary 


