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GAMA in context

- ~ 300 sq. deg; r < 19.8 (2 mag fainter than SDSS)

- 200k redshifts; second largest redshift survey

- M* galaxies to z ~ 0.3 (1/4 SDSS volume)

- full and continuous optical spectra (SDSS-like)

- genuinely panchromatic (UV-opt-NIR-MIR-FIR)

- unprecedented completeness; no density bias.

- parent sample for SAMI (2500 galaxies)
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recipe for a galaxy
ingredients: given (or assuming) all of the following -
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������������������  :���������	
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������������������  
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������������������  =���������	
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������������������  0∫t���������	
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������������������  dt’���������	
��
������������������  ∫dZ���������	
��
������������������  ψ*(t’;���������	
��
������������������  Z)���������	
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������������������  ∫dM���������	
��
������������������  p(M)���������	
��
������������������  fstar(λ,���������	
��
������������������  M,���������	
��
������������������  t-t’,���������	
��
������������������  Z)���������	
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������������������  

���������	
��
������������������   Dust���������	
��
������������������  extinction/attenuation/obscuration���������	
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������������������   E(Av,���������	
��
������������������  λ)
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soup: the evolving spectrum for a general stellar pop’n -
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SSP spectral evolution
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what, no NIR?

if the models cannot 
describe the data well,

then they cannot 
be used to interpret them!
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• M*/LNIR varies less with time

• M*/LNIR is less sensitive to the precise SFH

• LNIR is substantially less affected by dust

folklore: NIR data enables
a better estimate of stellar mass
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• M*/LNIR varies less with time

• M*/LNIR is less sensitive to the precise SFH

• LNIR is substantially less affected by dust

NIR data breaks the
age-dust-metallicity degeneracy

and so provides a better
estimate of stellar mass

folklore: NIR data enables
a better estimate of stellar mass
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variations in M*/L in 
different wavebands
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variations in M*/L in 
different wavebands
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it is true that M*/LK 
varies less at longer wavelengths,

but M*/Li is nearly as stable 
as M*/LJ or M*/LK.
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������������������  5.5 x���������	
��
������������������  4.0 x���������	
��
������������������  4.5
implied���������	
��
������������������  mass���������	
��
������������������  accuracy:

variations in M*/L in 
different wavebands
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variations in M*/L in 
different wavebands
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x���������	
��
������������������  3 x���������	
��
������������������  2 x���������	
��
������������������  3 x���������	
��
������������������  4
implied���������	
��
������������������  mass���������	
��
������������������  accuracy:

using just (g - i), 
it is possible to estimate M*/Li

to within a factor of 2.

variations in M*/L in 
different wavebands
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the generic relation between 
M*/Li and (g - i)
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the generic relation between 
M*/Li and (g - i)
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through a coincidence
of stellar evolution physics,

variations in each of 
age, dust, SFH, and metallicity

all preserve the relation 
between M*/Li and (g - i).

the generic relation between 
M*/Li and (g - i)
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the generic relation between 
M*/Li and (g - i)
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expected relatio
n

expected 
uncertainties

the generic relation between 
M*/Li and (g - i)
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the generic relation between 
M*/Li and (g - i)
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the generic relation between 
M*/Li and (g - i)
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the empirical relation 
between M*/Li and (g - i) is

both tighter and more linear
than might be expected

from our models and priors.

the generic relation between 
M*/Li and (g - i)
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worth thinking about...

- in the optical there is a degeneracy between
age/SFH, dust obscuration, and metallicity.

- but you can place strong constraints on M*/L.

- precisely because M*/L does not depend strongly
on the values for the age, dust, or metallicity,
it is not necessary to model these in great detail!

- the degeneracies between dust, age, SFH, and Z 
actually help in making (optical) M* estimates.
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what is NIR good for?
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- optical colour is a good 
indicator of M*/Li.

- optical colour is a bad 
indicator of age, Av, Z.

what is NIR good for?
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indicator of age, Av, Z.

- optical-NIR colour is a 
bad indicator of M*/Li.
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- optical colour is a good 
indicator of M*/Li.

- optical colour is a bad 
indicator of age, Av, Z.

- optical-NIR colour is a 
bad indicator of M*/Li.

- optical-NIR colour is a 
bad indicator of age/SFH.
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- optical colour is a good 
indicator of M*/Li.

- optical colour is a bad 
indicator of age, Av, Z.

- optical-NIR colour is a 
bad indicator of M*/Li.

- optical-NIR colour is a 
bad indicator of age/SFH.

- optical-NIR colour is a 
good indicator of Z/Av.

what is NIR good for?
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what is NIR good for?
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what is NIR good for?

- NIR data breaks the 
degeneracy between 
age/SFH and dust/Z.

- This means you have to 
model these things well!
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what is NIR good for?

- NIR data breaks the 
degeneracy between 
age/SFH and dust/Z.

- This means you have to 
model these things well!

- Popular SSP libraries do 
sample Z-space finely 
enough to be useful!
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ABSTRACT

We compare estimates of stellar mass, M∗, and dynamical mass, Md, for a sample of galaxies from the Sloan

Digital Sky Survey. Under the assumption of dynamical homology (i.e.,M̃d ∼ σ 2
0 Re, where σ0 is the central

velocity dispersion and Re is the effective radius), we find a tight but strongly nonlinear relation between the

two mass estimates: the best-fit relation is M∗ ∝ M̃0.73
d , with an observed scatter of 0.15 dex. We also find that,

at fixed M∗, the ratio M∗/M̃d depends strongly on galaxy structure, as parameterized by the Sérsic index, n.

The size of the differential effect is on the order of 0.6 dex across 2 < n < 10. The apparent n-dependence of

M∗/M̃d is qualitatively and quantitatively similar to expectations from simple, spherical and isotropic dynamical

models, indicating that assuming homology gives the wrong dynamical mass. To explore this possibility, we

have also derived dynamical mass estimates that explicitly account for differences in galaxies’ structures. Using

this “structure-corrected” dynamical mass estimator, Md,n, the best-fit relation is M∗ ∝ M
0.92±0.01(±0.08)
d,n

with

an observed scatter of 0.13 dex. While the data are thus consistent with a linear relation, they do prefer a

slightly shallower slope. Further, we see only a small residual trend in M∗/Md,n with n. We find no statistically

significant systematic trends in M∗/Md,n as a function of observed quantities (e.g., apparent magnitude, redshift),

or as a function of tracers of stellar populations (e.g., Hα equivalent width, mean stellar age), nor do we find

significantly different behavior for different kinds of galaxies (i.e.,central versus satellite galaxies, emission

versus non-emission galaxies). At 99% confidence, the net differential bias in M∗/Md,n across a wide range

of stellar populations and star formation activities is !0.12 dex (≈40%). The very good agreement between

stellar mass and structure-corrected dynamical mass strongly suggests, but does not unambiguously prove, that (1)

galaxy non-homology has a major impact on dynamical mass estimates, and (2) there are no strong systematic

biases in the stellar mass-to-light ratios derived from broadband optical spectral energy distributions. Further,

accepting the validity of both our stellar and dynamical mass estimates, these results suggest that the central

dark-to-luminous mass ratio has a relatively weak mass dependence, but a very small scatter at fixed mass.

Key words: galaxies: fundamental parameters – galaxies: kinematics and dynamics – galaxies: stellar content –

galaxies: structure

Online-only material: color figures

1. INTRODUCTION

Techniques for estimating galaxies’ stellar masses are a

crucial tool for understanding galaxies and their evolution. There

are tight and well-defined correlations between stellar mass and

many other important global properties like color, size, structure,

metallicity, star formation activity, and environment (see, e.g.,

Kauffmann et al. 2003b; Shen et al. 2003; Blanton et al. 2005a;

Gallazzi et al. 2006). Given a galaxy’s stellar mass, M∗, it is

thus possible to predict a wide variety of global properties with

considerable accuracy. In this sense, stellar mass appears to be a

key parameter in determining (or at least describing) a galaxy’s

current state of evolution. Moreover, since the growth of stellar

mass (cf. absolute luminosity, color, etc.) is relatively slow and

approximately monotonic, stellar mass is a particularly useful

parameter for quantifying galaxy evolution.
Stellar mass estimates, whether derived from spectroscopic or

photometric spectral energy distributions (SEDs), are plagued

by a variety of random and systematic errors. These include

a generic degeneracy between mean stellar age, metallicity,

and dust obscuration. It is typical to make the simplifying

assumptions that galaxies’ stellar populations can be described

en masse (i.e.,neglecting age/metallicity gradients and complex

dust geometries) and that galaxies’ complex star formation

histories can be described parametrically. It is rare to attempt

to account for active galactic nucleus (AGN) emission. The

stellar initial mass function (IMF), including its universality or

otherwise, remains a major “known unknown.” Then there is the

complication that different wavelengths probe different aspects

of the stellar population; the inclusion of rest-frame UV or NIR

data can thus, in principle and in practice, have a large impact

on the estimated stellar mass. These effects are compounded

by uncertainties in the stellar evolution models themselves. A

topical example is the importance of NIR-luminous thermally

pulsating asymptotic giant branch (TP-AGB) stars: for the same

data and stellar population parameters, the use of the Bruzual

& Charlot (2003) or Maraston (2005) models can change the

derived value of M∗ by a factor of 3 for galaxies that host young

(!1 Gyr) stars, but only if rest-frame NIR data are included

(van der Wel et al. 2006; Kannappan & Gawiser 2007). Conroy

et al. (2009) have argued that the total random uncertainties in

M∗ are on the order of ∼0.3 dex for galaxies at z ∼ 0.
For these reasons, it is essential to devise some way of as-

sessing the quality of stellar mass estimates through comparison

to some other fiducial mass estimate—this is the primary mo-

tivation for the present paper. Specifically, using a number of

1
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dynamical mass estimation
NOT THE VIRIAL THEOREM!

GMdyn ⇠ �2 Re

GMdyn = K �2 Re

This factor K encapsulates information 
about the structure of the galaxy.

IT IS MODEL DEPENDENT.
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Stellar Mass Function

Size vs Mass

Sersic Index vs Size

Mass-to-Light Ratio vs Colour

Dynamical vs Stellar Mass
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A. If we can assume that M*/Mdyn 
has no astrophysical trend with structure,
then the trend with Sersic n is due to 
systematic errors in the values of Mdyn 

for galaxies with different structures.
At 99%, the bias is < ∼0.35 dex. 

B. If we can assume that our dynamical 
mass estimates are perfectly good, 
then the trend with structure is ‘real’, 
and implies that galaxies with bulgier 
structures have slightly higher values of 
M*/Mdyn.
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the fundamental plane;
aka. the M*/Mdyn relation

- once we have accounted for variations in 
stellar populations and in structure,
all galaxies follow the same M*-Mdyn relation.

- We have extended the fundamental plane
to include all massive galaxies.

- At the same time, we have found a way to
reduce the scatter in the FP by at least 10%.
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- stellar masses are easy.

- dust, metallicities and SFHs are hard.

- but stellar masses are still easy!

- dynamical masses are hard.

- talk to me about the fundamental plane.

testing the consistency between stellar and dynamic 
mass estimates for nearby massive galaxies
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