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Local Galaxy Stellar Mass Function (GSMF)

Leja+ (2020) 
     

Few z~0 galaxies at M* >1011.3 Msun 

Leja+ (2020) 
     



Local Galaxy Stellar Mass Function (GSMF)
                     The MASSIVE Survey  (Ma et al. 2014) 

          An integral field spectroscopic & photometric survey  
              of the  ~100 most massive galaxies within ~100 Mpc 

    Volume-limited: target all early-type galaxies (northern sky)   
               with M*> 1011.5  Msun 

   Multi-wavelength study of all mass components:  
           stars, cold/warm/hot gas, dark matter halos, black holes 

Chung-Pei Ma, Jenny Greene, Jonelle Walsh, Nicholas McConnell, Jens Thomas 
Graduate students: Melanie Veale, Irina Ene, Viraj Pandya, Charles Goullaud, 
                     Emily Liepold, Matthew Quenneville, Jacob Pilawa, Silvana Andrade 
Undergrads + High school students 
MASSIVE-HST:   John Blakeslee, Joe Jensen 
MASSIVE-CFHT:  John Blakeslee 
MASSIVE-CO:     Tim Davis 
MASSIVE-Xray:   Andy Goulding 
MASSIVE-IMF:    Meng Gu, Drew Newman 



Gu+22: Stellar population synthesis 
models of 41 MASSIVE galaxies


• Requires high-resolution, high-S/N 
slit spectroscopy


• These SPS models fit for the IMF, 
finding steeper-than-Kroupa IMF 
with 


• (Among other things) These models 
measure stellar M/L for each galaxy


• Combine with new Luminosities 
from Quenneville+24 to infer stellar 
mass

⟨α⟩ = 1.84

Gu et al 2022, ApJ, 932, 103

arXiv:2110.11985

Fig 1c of LM24

SPS Stellar Mass 
Measurements

Quenneville et al 2024, MNRAS, 527, 249

arXiv:2210.08043



Dynamical Stellar Mass 
Measurements

Dynamical measurements of the 
stellar mass now exist for 12 
MASSIVE galaxies


11 use orbit-based stellar-dynamical


1 uses gas-dynamical methods


The inferred stellar masses from 
SPS and dynamical models are 
consistent!


Fig 1b of LM24
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• Use measured  and new -  
relations to predict  for all 
MASSIVE galaxies


• GSMF is number density of 
galaxies per stellar mass bin at a 
given mass: 





• Our GSMF from Dynamical and SPS-
based masses are consistent! (And 
systematically higher than prior 
measurements!)
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• Our stellar masses at the high-mass 
end are ~1.6x higher than prior 
GSMF measurements (shift their 
curves right)


• Most prior work assumed Milky-Way-
like IMF. Our SPS-based stellar 
masses fit for IMF and are ~1.84x 
more massive.


• Prior work found minimal GSMF 
evolution since z = 1. Our high-mass 
z = 0 GSMF suggests substantial 
mass growth since z = 1

Use Leja+20 GSMF

Use MASSIVE 
Galaxies

GSMF: important 
takeaways



• Black hole mass function is convolution of GSMF 
and (BH Mass)—(Stellar Mass) scaling relation


• Scatter in BHMF mostly due to scatter in scaling 
relation


• Expect 1-14 SMBH above   (3 known so far)1010M⊙
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The high-mass local 
Black Hole Mass Function 

(BHMF)
• Scatter in BHMF mostly due to scatter 

in scaling relation


• Velocity-Dispersion-based BHMF is 
inconsistent with GSMF-based BHMF 
below 


• BHMF from Sato-Polito+23 (cyan 
dotted) is substantially higher than all 
prior measurements above 

109M⊙

1010M⊙
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• The results are relatively 
insensitive to redshift and mass 
ratio distribution!
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A Mystery: 
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Our new z=0 stellar mass function combines Leja+ (2020) & MASSIVE survey 

Our higher amplitude at M* > 1011.5 Msun   solves some puzzles: 
      (1) Reported lack of massive galaxy evolution between z=1 and 0 
      (2) Reported deficit in predicted GW amplitude compared to PTA results 
      (3) M* from dynamical method & stellar pop synthesis (bottom heavy IMF) 
                agree within ~7% 
       
Predicted number of local SMBHs (within 100 Mpc)  
      (1) Large uncertainties at MBH > 1010 Msun but consistent with known pop. 
      (2) Many more to be detected at MBH ~ 109 Msun   

All local BH mass density predicted from galaxy M* has ρ >~ 106 Msun/Mpc3 

               Quasars:  ρBH ~ (0.25-1) x 106 Msun/Mpc3        

                 Obscuration? Lower efficiency (ε < 0.1)? 

Summary


