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Why study dwarf galaxies?
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                    Dwarf galaxies
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                    Dwarf galaxies: dark matter
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Core

Self-interacting or warm dark matter
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                    Dwarf galaxies: dark matter
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CuspCore

Cold Dark MatterSelf-interacting or warm dark matter
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                    Dwarf galaxies: intermediate-mass black holes
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                    Dwarf galaxies: intermediate-mass black holes
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Stellar velocities are among the main pathways to 
probe the distribution of mass around galaxies
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Stellar velocities are among the main pathways to 
probe the distribution of dark matter around galaxies
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One dimensional velocity data (black dots)

Many possible 
solutions that 

fit the data 
(Black lines)
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One dimensional velocity data (black dots)

Many possible 
solutions that 

fit the data 
(Black lines)

Several density 
models possible with 

just one velocity 
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We need the 2D motion on the sky-plane
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We need the 2D motion on the sky-plane
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We need the 2D motion on the sky-plane
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                     3D kinematics

M ∝ σ2
real

For robust mass modeling, one requires   
and many tracers of the gravitational potential (stars)

ϵdata ≲ σreal

σ2
data = σ2

real + ϵ2
data
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How much precision and 
how much time?
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Draco dwarf spheroidal
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                     Measuring proper motions
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Proper motion dispersion profiles
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Γdark ≡
∫ rmax

rmin

d log ρ
d log r ρ(r) dr
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If binaries inflate the line-of-sight dispersion profile 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If binaries inflate the line-of-sight dispersion profile 
σLOS,Nhigh
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1  agreement between PM only and 3D mass modeling fits.σ

Tests with line-of-sight data

Tests with proper motion data
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Magnitude limit Field of view
PM precision (end 
of mission or 20 yr 

baseline)

Number of stars 
with PM errors < 

0.02 mas/yr 
(Per field/galaxy)

HST ~ 28 ~ 3’ x 3’ ~ 0.01 mas/yr O(102)

JWST ~ 30 ~ 2’ x 2’ ~ 0.01 mas/yr O(102)

Gaia ~ 21 All-sky ~ 0.1 mas/yr O(0)

Euclid ~ 26 ~ 45’ x 45’ ~ 0.03 mas/yr O(0)

Roman ~ 28 ~ 40’ x 25’ ~ 0.05 mas/yr O(0)

Theia ~ 22 ~ 30’ x 30’ ~ 0.01 mas/yr O(103)

HWO ~ 30 ~ 3’ x 3’ ~ 0.003 mas/yr O(104)

*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

Draco’s CMD (Grillmair+98)
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PM precision (end 
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

Draco’s FOV (Vitral+24)

~ 18’

~ 14’
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

Draco’s PM dispersion profile 
(Vitral+24)
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

Confidence intervals from Jeans modeling 
(Guerra+23)

Inner slope (0: Core / 1: Cusp)
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

- Fields limited by existing observations. 
- New funding cuts from NASA 
- Increasing systematics with time
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*Disclaimer: numbers are approximative and depend on multiple factors (magnitude, exposure time, analyzed source, etc)

Currently 
available

20 yr wait

>10 yr wait 
(If approved)

>50 yr wait

-

-

Magnitude limit Field of view
PM precision (end 
of mission or 20 yr 

baseline)

Number of stars 
with PM errors < 

0.02 mas/yr 
(Per field/galaxy)

HST ~ 28 ~ 3’ x 3’ ~ 0.01 mas/yr O(102)

JWST ~ 30 ~ 2’ x 2’ ~ 0.01 mas/yr O(102)

Gaia ~ 21 All-sky ~ 0.1 mas/yr O(0)

Euclid ~ 26 ~ 45’ x 45’ ~ 0.03 mas/yr O(0)

Roman ~ 28 ~ 40’ x 25’ ~ 0.05 mas/yr O(0)

Theia ~ 22 ~ 30’ x 30’ ~ 0.01 mas/yr O(103)

HWO ~ 30 ~ 3’ x 3’ ~ 0.003 mas/yr O(104)

-



What is the best telescope for 
dwarf galaxies’ kinematics?
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All of them!
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• Identify and constrain/characterize systematics from each telescope. 

•Wisely choose observation schedules (see McKinnon+24, sect. 5). 

•Measure first epochs with wide-field telescopes (e.g., Roman, Euclid and Theia)
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• Identify and constrain/characterize systematics from each telescope. 

•Wisely choose observation strategies (see McKinnon+24, sect. 5). 

•Measure first epochs with wide-field telescopes (e.g., Roman, Euclid and Theia)
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• Identify and constrain/characterize systematics from each telescope. 

•Wisely choose observation strategies (see McKinnon+24, sect. 5). 

•Measure first epochs with wide-field telescopes (e.g., Roman, Euclid and Theia)
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• Dwarf galaxies help us to probe the nature of dark matter, as well as galaxy evolution. 

• Most of our knowledge of their internal kinematics comes from a single velocity dimension 
(line-of-sight), which leads to many degeneracies. 

Proper motions (transverse velocities in the sky) are needed to lift these degeneracies. 

• Currently, only Hubble is able probe dwarf galaxy proper motions (on a stellar level) with 
trustworthy uncertainties. 

• Future missions will target different important goals (field of view, magnitude depth, 
different wavelengths, etc), but none fills all the check points for an ideal proper motion 
subset. 

• The solution might be to combine different epochs from different observatories, which will 
require better handling of current telescope systematics.

→

Thank you!


