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MSE Scientific Capabilities

• For the study of nearby galaxies, MSE enjoys a number of 
competitive advantages over existing or planned MOS facilities.

1. Sensitivity (M1 = 11.25m).
2. Dedicated operations model.
3. Available resolution (“very high”, “moderate”, “low”).
4. Wavelength range (0.36 - 1.8 microns).



MSE Performance in Context

• Notable 4m and 8m facilities:

- WHT/WEAVE
- VISTA/4MOST

• None of the expected 4m- or 8m-class facilities is planning a 
systematic survey of nearby galaxies.

- Mayall/DESI
- Subaru/PFS



Studying Dark Matter in Nearby Galaxies
• Nature of dark matter on galaxy 
scales remains poorly understood.

• Measuring total masses and density 
profiles for stellar systems 
usually relies on the Jeans 
Equation:
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Survey Targets: Nearby Clusters
• Nearby galaxy clusters are ideal environments for measuring ϱDM(r) 
for halo masses up to ≈1015 M⊙.	

• A byproduct of a cluster survey would be the stellar mass function 
at z~0 in cluster environments down to M* ~ 106-7 M⊙.

MSE Detailed Science Case (2016)



Elements of a Nearby Galaxies Survey
• Current and future imaging surveys (e.g., NGVS for Virgo) will 
dramatically increase the number and variety of dynamic tracers for 
spectroscopic follow up (Ngal = 3500, NUCD ~ 300, NGC ~ 38000).

• In the HSC/LSST/Euclid era, it will be possible to produce 
comparable samples of targets in any nearby group or cluster.

Powalka et al. (2016) Ferrarese et al. (2016)



Survey Targets: Large Galaxies
• Large galaxies in the local volume can be mapped using RGB stars, 
globular clusters, satellite galaxies, planetary: suitable for halo 
masses up to ≈1012-13 M⊙.	

MSE Detailed Science Case (2016)



Key Capability: Sensitivity
• The number of available targets in many interesting galaxies and 
environments rises very steeply with magnitude. 

- MSE’s sensitivity and high multiplexing are crucial.

- dedicated survey operations is critical, too.

Brown et al. (2008)Jordán et al. (2007)

globular clusters in Virgo

halo stars in M31



Survey Targets: Dwarf Galaxies
• Dwarf galaxies in the Local Group probe halo masses of 106-1011 M⊙.	

• Dynamical tracers for such galaxies are individual stars (RGB, HB, 
SGB, MS).

• A complete dynamical picture will likely involve (1) MSE wide-field 
kinematics; (2) astrometry (WFIRST, ELTs) and (3) central velocity 
dispersions based on ultra-faint stars (ELTs).

Muñoz et al. (2016)

Ibata et al. (2016)



• Dwarf galaxies in the Milky Way are the most DM-dominated systems 
known, with M/L > 103 M⊙	in some cases.

• Measuring both ϱDM(r) and β(r) is possible with large samples. 

Survey Targets: Dwarf Galaxies

• MSE’s high sensitivity will be critical for amassing the largest 
possible radial velocity samples.

MSE Detailed Science Case (2016)
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Alternatives to DM. 1. Tides 

Lokas et al. (2010)

• For some systems, the fundamental assumption of virial equilibrium 
may not be valid.



Alternatives to DM. 2. Modified Gravity 
• In MOND (Milgrom 1984), the gravitational acceleration is changed 
so that 

aM and aN are the modified and Newtonian accelerations and a0 is a 
constant.

where: μ(x) ! 1 for x ! ∞
μ(x) ≈ x for x ! 0

Lokas (2001)



Alternatives to DM. 3. Binary Stars 
• In the absence of DM, the lowest-mass satellites would have central 
velocity dispersions ≪1 km/s.

• Spectroscopic binaries can inflate the observed dispersion and M/L.

McConnachie & Côté (2010)

(M/L)int ~ 2

(M/L)obs ~ 300



Key Capability: Velocity Precision
• For the lowest mass and lowest surface brightness satellites, the 
expected velocity dispersion is ~ 0.1 km/s.

- Identifying binaries will require radial velocity errors of ~0.1 
km/s or better and longterm monitoring: unique MSE capabilities.

McConnachie & Côté (2010)

(M/L)int ~ 2

(M/L)obs ~ 300



• MSE will be the world’s preeminent astronomical telescope for 
studying dark matter.

• Key performance advantages: sensitivity, dedicated operations 
model, mapping speed, velocity precision, choice of resolutions.  

• For nearby galaxies, it should be able to answer some fundamental 
questions about dark matter and gravity on galaxy scales.

- what is the role of binaries in Local Group dwarfs?

- how important are tides in Local Group dwarfs?

- can theories of modified gravity be ruled out on small scales?

- what is anisotropy parameter for galaxies as a function of mass?

- what is the total DM content and DM density profile from dwarf 
to cluster mass scales (Mh = 106 - 1015M⊙). 

MSE and Nearby Galaxies
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