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Key Questions

• What is the relation between halo and 
dwarf galaxy properties?

• Does scatter in stellar mass at fixed 
halo mass grow at the faint end?

• Below what halo mass is quenching 
primarily driven by reionization?

• What fraction of low-mass halos host 
galaxies? Where is the cutoff?

• Is H2 cooling required to explain the 
properties of known ultra-faint dwarfs?
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Credit: Yao-Yuan Mao

Milky Way

M31

Local Volume (e.g. ELVES) 
< 20 Mpc

The SAGA Survey 
25-40 Mpc

Sloan Digital Sky Survey 
≲ 200 Mpc

Current Census of the Faintest Galaxies



Theoretical uncertainties parameterized and fit to the data! 

Empirically Modeling the Faint End

EN, Mao, Green, Wechsler 2019 (1809.05542); also see SatGen (Jiang et al. 2021, 2005.05974)

https://github.com/shergreen/SatGen
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1. Resimulate Milky Way-  
    like halos from large   
    cosmological volume.

2. Paint satellite galaxies   
    onto subhalos using    
    galaxy—halo model.

4. Calculate likelihood of  
    observed satellites  
    given galaxy—halo  
    connection parameters.

3. Apply observational  
    selection functions  
    based on imaging data.
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Empirically modeling the Milky Way 
satellite population 

• Calibrate halo abundances and 
properties on simulations of MW 
analogs with realistic LMCs and 
merger histories 

• Model satellite detectability as a 
function of luminosity, size, and 
3-d position 

• Probabilistically infer the faint-end 
galaxy-halo connection (priors 
informed by brighter systems and 
hydrodynamic simulations)

EN & Wechsler et al. 2020 (1912.03303)

MW

LMC
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Faint-end slope consistent with GAMA  
luminosity function

Scatter in luminosity at fixed Vpeak < 0.2 dex (!)

Minimum peak halo mass corresponding to 
observed MW satellites < 3 x108 M☉

Satellite disruption consistent with FIRE sims

Galaxy occupation fraction consistent with 
100% down to the minimum halo mass

Measurements of amplitude, scatter, 
& slope of galaxy-halo size relation

EN & Wechsler et al. 2020 (1912.03303)
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Current Milky Way satellite data are consistent with: 
• A power-law faint-end SMHM relation, with a steeper slope than the bright end 

• 100% halo occupation down to peak virial masses of Mmin ~ 3 x108 M☉ EN & Wechsler et al. 2020 (1912.03303)

Faint-End Constraints from Empirical Models

Mmin



The Faint-End Stellar Mass-Halo Mass Relation
ELVES: Danieli et al. 2022 (2210.014233)Manwadkar & Kravtsov 2022 (2112.04511)

• Semi-analytic models and hydro sims often predict flattening & growing scatter in the SMHM relation  
• ELVES and MW-inferred SMHM relations are consistent; mild preference for growing scatter in ELVES
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Credit: Niusha Ahvazi (UCR/Carnegie)

The Galaxy Occupation Fraction

Preliminary 

• In certain SAMs (e.g., Galacticus), H2 cooling is required to fit the inferred galaxy occupation fraction  
• In simulations, the occupation fraction is definition & resolution-dependent; interpret with caution! 

Munshi et al. 2021 (2101.05822)

6 < zrei < 9

Niusha Ahvazi 



• UniverseMachine: an empirical model that connects dark matter accretion to star formation 
• Consistent with MW-inferred SMHM, despite lack of low-mass quenching; faint-end calibration in prep.

Y. Wang, EN et al. 2021 (2102.11876)

UniverseMachine
UniverseMachine

Star Formation History Constraints

Yunchong 
(Richie) Wang 

UniverseMachine 
DR1 prediction



Looking Forward: Next-Generation Discoveries

Preliminary

• Complete observations of ~10 MW analog 
satellite populations are needed to overcome 
host-to-host subhalo mass function scatter 

• Rubin and Roman dwarf observations will 
provide crucial complementary information

Forecast assuming sensitivity to all 
MW satellites: ~2σ detection of a 
galaxy formation cutoff!

Preliminary 



Looking Forward: The Milky Way in Context
SAGA III (in prep.)

• SAGA III observations of ~100 MW-analog satellite systems, down to M★ ~106 M☉, in prep. 
• MW-inferred galaxy-halo model is consistent with SAGA II; hints of tension at bright end, as in ELVES

SAGA II: Y.-Y. Mao et al. 2021 (2008.12783)

Preliminary 



• Are faint-end SMHM relations with flattening & growing scatter consistent with current data? 
What future observations most incisively test these predictions?  

• How best to measure and mode the cutoff in galaxy occupation? Can this be tested outside 
the Milky Way?   

• Can evidence of the need for H2 cooling to form ultra-faints be tested directly?

• Why is the Local Group quenched fraction anomalous? 

• How does the faint-end galaxy-halo connection vary with host system and environment?


