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Low-mass galaxies are difficult to find!

Low-mass galaxies are abundant in 
number, but scarce in number density 
at a fixed apparent magnitude limit. 

Galaxy number density as a function of 
redshift and magnitude

3
Fig. 66 of arXiv:1904.04907 (MSE Science Team); made by YYM. 
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Simulations ← Symphony (Nadler, …, YYM+, ApJ 2023)

   ↓ Milky Way-est (Buch, Nadler, Wechsler, & YYM, ApJ 2024)
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Local Group

Distance

Local Volume
< 20 Mpc

The SAGA Survey
25 – 40 Mpc

SDSS
Up to ~200 Mpc

MW
~60 sat. M31

~25 sat.

e.g., ELVES (Carlsten+2021)
TRBG/SBF

~10 satellites per system
~25 systems

e.g., Sales+2013: 
r < 17.77; ~ 1 sat. per host

SAGA: Geha+2017, YYM+2021, YYM+2024
Redshift survey r < 20.7 (M*~106–9 M☉)

~4 satellites per systems; ~100 systems

e.g., 
Drlica-Wagner+2020
McConnachie+2012
and MANY more!

YYM+ (SAGA III, arXiv:2404.14498)
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The SAGA Survey
Exploring Satellites Around Galactic Analogs - sagasurvey.org 

A galaxy redshift survey to measure redshift (distance) for 
satellite galaxies around 100 Milky Way-like galaxies.

The SAGA Team
Marla Geha (Yale), Yao-Yuan Mao (Utah), Risa Wechsler (Stanford), 
Nitya Kallivayalil (UVa), Erik Tollerud (STScI), Ben Weiner (Arizona), 

Yasmeen Asali (Yale), Mithi A. C. de los Reyes (Amherst), Erin Kado-Fong (Yale), 
Ethan Nadler (USC), Yunchong Wang (Stanford), John F. Wu (STScI) 
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https://sagasurvey.org/
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SAGA: finding satellite galaxies in a haystack

~ 2,500 / sq. deg.

SAGA Stage I

~ 1,000 / sq. deg.

SAGA Stage II

~ 200 / sq. deg. ~ 4 / sq. deg.

Photometric catalogs
(DES/LS/SDSS)

AAT/2dF, MMT/Hectospec
Palomar/DBSP, SALT, Keck, Gemini

Spectroscopically
Confirmed Satellites
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The SAGA Survey: 101 “Milky Ways”

DR1
Geha, Wechsler, YYM+ (2017)

8 hosts
27 satellites

14 newly discovered
(12,000 redshifts)

8

DR3
YYM et al. 2024

101 hosts
378 satellites

229 newly discovered
(60,000+ redshifts)

DR2
YYM et al. (2021)

36 hosts
127 satellites

69 newly discovered
(25,000 redshifts)

Submitted 
at KITP in 
May 2017
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SAGA: Satellite Mass Functions

30% of systems host > 1 
LMC-mass satellites.

10
Stellar Mass

Why does it look like a 
rainbow?

The correlation between high- 
and low-mass ends of the SMF 
is expected from the underlying 
dark substructures. 
[cf. YYM+2015, Smercina+2022]

People with color vision deficiency:
You may see a non-monotonic, but 
still graduate change in color, where 
the gradient aligns with the change in 
the satellite mass function amplitude. 

Number of satellites above  
certain stellar masses

YYM+ 2024 (SAGA III)
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So, is the Milky Way special in the SAGA context?

Perhaps Milky Way is an older, slightly less massive host with a recently accreted 
LMC/SMC system that brings the system’s total mass to 10^12 solar masses.

# of satellites vs. most massive satellite mass
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SAGA: Updated results

With the amount of data we obtain, we have 
build an empirical model to accurately 

account for survey incompleteness 

Observed stellar mass function

Overall quenched fraction for SAGA systems
is about 1-sigma lower (more star formation) than 

the Local Group

Observed quenched fractions

YYM+ (SAGA III, arXiv:2404.14498)
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SAGA: star-forming and quenched satellites
Color vs. stellar mass Size vs. stellar mass Distance to host vs. mass

A color-mass cut can approximately, 
but not fully, separate star-forming 

and quenched satellites.

Size-mass relation consistent with 
Local group satellites. No missing 

LSB objects down to Gold.

Satellites are more likely to be  
quenched in the inner region, 

especially for massive satellites. 

YYM+ (SAGA III, arXiv:2404.14498)
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SAGA: quenched fraction vs. distance to host

Geha, YYM+ (SAGA IV, arXiv:2404.14499)
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SAGA: Plane of Satellites?

A potential test of CDM.

570+ pairs over 100+ systems. 
No clear signature of co-rotating 
satellite plane in SAGA systems.

Hint of excess when satellites are on the 
same side → satellite pairs?

Fig. 1, Phillips+2015

Opening angle definition:

15YYM+ (SAGA III, arXiv:2404.14498)



16Yao-Yuan Mao (Utah) See our e-posters at  sagasurvey.org.  Data will be public very soon!

SAGA Paper V
Y. Wang, Nadler, YYM+

2404.14500

SAGA Paper IV
Geha, YYM, Wechsler+

2404.14499

SAGA Paper III
YYM, Geha, Wechsler+ 

2404.14498

http://sagasurvey.org
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Can we repeat what we did with field/isolated galaxies?

Major merger events? 
Variation due to host properties?
Satellite quenching, stripping, and disruption? 

So many variables to model for satellite systems!! 

Wouldn’t it be easier to do this with isolated (field) 
low-mass galaxies? 🤔



18Yao-Yuan Mao (Utah)

Local Group

Distance

Local Volume
< 20 Mpc

The SAGA Survey
25 – 40 Mpc

SDSS
Up to ~200 Mpc

MW
~60 sat. M31

~25 sat.

e.g., ELVES (Carlsten+2021)
TRBG/SBF

~10 satellites per system
~25 systems

e.g., Sales+2013: 
r < 17.77; ~ 1 sat. per host

e.g., 
Drlica-Wagner+2020
McConnachie+2012
and MANY more!

SAGA: Geha+2017, YYM+2021, YYM+2024
Redshift survey r < 20.7 (M*~106–9 M☉)

~4 satellites per systems; ~100 systems
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A search of very nearby field 
low-mass galaxies: Pegasus W

19

Ground-based telescope
(Images used for the search)

McQuinn, YYM+, ApJ 2023

Hubble Space Telescope
(Follow-up observation)

Distance ~ 900 kpc 
Stellar mass ~ 6 ✕104 M☉

Color-magnitude 
diagram (HST)
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But there’s more!  Leo M and Leo K

McQuinn, YYM+, ApJ 2024

Color-magnitude diagram (HST)
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Inferring star-formation histories… reionization quenching? 

McQuinn, YYM+, ApJ 2023
McQuinn, YYM+, ApJ 2024

Peg W (6 ✕104 M☉) Leo M (1.5 ✕104 M☉) Leo K (1 ✕104 M☉)

↑ Cumulative star formation history 

A new discovery 
may be an isolated 
quenched galaxy! 

Stay tuned!
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Local Group

Distance

Local Volume
< 20 Mpc

The SAGA Survey
25 – 40 Mpc

SDSS
Up to ~200 Mpc

MW
~60 sat. M31

~25 sat.

e.g., ELVES (Carlsten+2021)
TRBG/SBF

~10 satellites per system
~25 systems

e.g., Sales+2013: 
r < 17.77; ~ 1 sat. per host

SAGA: Geha+2017, Y.Y.Mao+2021
Redshift survey r < 20.7 (M*~106–9 M☉)

~4 satellites per systems; ~100 systems

e.g., 
Drlica-Wagner+2020
McConnachie+2012
and MANY more!
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SAGA helps the search of nearby low-mass galaxies 
  

Stellar mass vs. redshift →
for nearby galaxies in SAGA     

↓ SAGA galaxy redshift-magnitude distribution 

YYM+ (SAGA III, arXiv:2404.14498)
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Lensing signals from SAGA photometric selection

Thornton, Amon, …, YYM+ (arXiv:2311.14659)

Led by Joseph Thornton and Alex Amon
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xSAGA: SAGA Survey meets Machine Learning
Using a convolutional neural network (CNN) on 
SAGA data + DESI Imaging, we can efficiently 
select very low redshift galaxy candidates!
[John F. Wu, Joshua Peek, and SAGA Team, ApJ 2022]
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SAGA provides an unprecedented data set for 
very low-redshift galaxies ( z < 0.03 ), more than 
doubled previously exist redshifts. 

Images and method from J.F.Wu, …, YYM+ (ApJ 2022).   See also Dey, …, YYM+ (MNRAS 2022) for a different method. 
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Efficient search of very low-redshift galaxy candidates
Machine learning method gives a probabilistic prediction of how likely a galaxy may be at very low-redshift. It does 
not provide precise redshifts for individual objects (still requires follow-up), but enable statistical studies of 
low-mass, low-redshift galaxy candidates. Example below is the radial profile of low-mass satellites.

26

J.F.Wu, …, YYM+ ApJ 2022
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Mayall telescope at Kitt Peak 
National Observatory

DESI Secondary Target Program: LOW-Z galaxies!
DESI = Dark Energy Spectroscopic Instrument. E. Darragh‑Ford, J.F.Wu, YYM+, ApJ 2023
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In addition to dark matter science, very low redshift 
low-mass galaxy survey can enable studies of:

● Galaxy evolution
● “Very local” cosmology 
● Time-domain science (e.g., SNe, GW)

Yao-Yuan Mao (Utah)

DESI Secondary Target Program: LOW-Z galaxies!
DESI = Dark Energy Spectroscopic Instrument. E. Darragh‑Ford, J.F.Wu, YYM+, ApJ 2023
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Local Group

Distance

Local Volume
< 20 Mpc

The SAGA Survey
25 – 40 Mpc

SDSS
Up to ~200 Mpc

MW
~60 sat. M31

~25 sat.

e.g., ELVES (Carlsten+2021)
TRBG/SBF

~10 satellites per system
~25 systems

e.g., Sales+2013: 
r < 17.77; ~ 1 sat. per host

e.g., 
Drlica-Wagner+2020
McConnachie+2012
and MANY more!

SAGA: Geha+2017, YYM+2021, YYM+2024
Redshift survey r < 20.7 (M*~106–9 M☉)

~4 satellites per systems; ~100 systems

sagasurvey.org 

The impact of LMC is important!

← Partially resolved 
isolated low-mass 
galaxies.

SAGA
+ML

+DESI
+Rubin
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Thank you!
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SAGA: Satellite Radial Distribution

31YYM+ (SAGA III, arXiv:2404.14498)
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SAGA: number of satellites vs. most massive satellite
# of satellites vs. most massive satellite mass

& estimated group (halo) mass

YYM+ (SAGA III, arXiv:2404.14498)
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SAGA: close 
satellite pairs?

YYM+ (SAGA III, arXiv:2404.14498)


