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 •   Stellar population variations can cause scatter about the FP, obscuring 
these relations and limiting the use of the FP as a distance estimator 

 •  Conversely, trends in the FP with stellar population can reveal clues 
linking the structural & stellar assembly histories of early-type galaxies 

 •  We determine the variations in stellar populations in FP space, and 
examine: (i) the implications for the merger histories of galaxies;          
(ii) whether SP trends drive FP variations with galaxy morphology & 
cluster richness; & (iii) prospects for improving FP distance estimates 

 •  The Fundamental Plane (FP) relates the dynamical and structural 
properties of early-type (i.e. bulge-dominated) galaxies 

Motivation and outline 

 •  We explore these issues with the 6dF Galaxy Survey, which measures 
FP and stellar population parameters for large NIR-selected samples 



The 6dF Galaxy Survey – a brief introduction 

•  NIR-selected using 2MASS down to K = 12.65 

•  z-survey: 137000 spectra and 125000 redshifts 

•  v-survey: 10000 FP peculiar velocities; also                               
ages, metallicities and [α/Fe] for 7000 galaxies 

•  17000 deg2 (δ<0º,|b|>10º) to <cz>≈16500 km/s 

•  Fibre aperture = 6.7 arcsec ≈ 7 kpc at <cz> 



Beutler et al., 6dFGS: Baryon Acoustic Oscillations & the Local Hubble Constant, astro-ph/1106.3366 
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Fit the Fundamental 
Plane as 3D Gaussian 
distribution using 
maximum likelihood. 

Study variations in the 
NIR Fundamental Plane 
with wavelength, 
morphology and    
group/cluster richness. 



Principal axes of           
the 3D Gaussian 
Fundamental Plane 
with respect to the 
observed parameters  

r ≡ log Re, s ≡ log σ, i ≡ log 〈I〉e 

–v1 is ~mass-to-light ratio: 
  log(M/L ) = (r+2s) – (i+2r)  
                 = –r+2s–i 
  cf.     –v1 = 1.13r – 1.72s – I 

–v2 is ~luminosity density: 
  log(L/R3) = (i+2r) – (3r)  
                = i–r 
  cf.    –v2 = i – 0.89r 

–v3 is not special physically 

short axis = through 

long axis = along 

medium axis = across 



A 3D Gaussian distribution is found, empirically, to be an excellent fit to 
the observed bright end (σ > 100 km/s) of the NIR Fundamental Plane 
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ML method recovers mock FP accurately and precisely 
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The J-band Fundamental Plane for 8901 early-type galaxies  

FP: r = a s + b i + c 

9 parameters (8 independent) 

slope & 
offset 

scatter 

location 



[1] Stellar population parameters 
(age, metallicity, [α/Fe]) for 7143 
galaxies with FP parameters 

[2] Derive directional derivatives     
of SP parameters in FP space; find 
variations with all of σ, Re, Ie & δFP 

[3] SP parameters vary with v1 
(through FP) and v3 (across FP), 
but not with v2 (along FP ~ L/Re

3) 

[4] Relate this result to merger 
histories: lower luminosity 
densities ⇒ more mergers 

[5] Can (some of) these trends be used to reduce the scatter in the FP? 

[submitted] 



Age-metallicity distribution for 7143 early-type galaxies 



Pair-wise 
correlations 
between stellar 
population 
parameters and 
Fundamental 
Plane parameters 

Correlations               
are consistent with 
well-known trends: 

• All SP’s show clear 
trends with log σ 

• Metallicity shows 
trends with log Re 

• There are weak or 
no trends with log Ie 

(in red) 	
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Age trend in the Fundamental Plane 
The variation in age is mainly through the FP (i.e. in v1 direction) 

old 

young 



[Z/H] trend in the Fundamental Plane 
Variation in metallicity is mainly across the FP (i.e. in v3 direction) 

high metallicity 

low metallicity 



[α/Fe] trend in 
the Fundamental 
Plane 

Variation of [α/Fe] 
runs both through 
and across the FP 
(i.e. in a combination 
of the v1 and v3 
directions) 

high [α/Fe] 

low [α/Fe] 



                                                              Stellar population parameter 
                      ………..Age………..           ………Metallicity…..….     …..Over-abundance….. 

Directional derivatives of stellar population parameters w.r.t. 
the FP principal axes, the FP observables, and M, L and M/L 

Significant trends (in bold) have χ>5 (i.e are significant at >5-sigma): e.g.     
age with v1, metallicity with v3 and over-abundance with both v1 and v3. 

Can use the 3D directional derivatives to predict the 2D pair-wise correlations 
between the stellar population parameters and the FP parameters.	



FP parameter 



2D correlations 
between stellar 
population 
parameters and 
Fundamental Plane 
parameters 

Predicted correlations 
based on directional 
partial derivatives         
are generally consistent 
with – but not identical 
to – the observed 
correlations 

The 2D correlations are 
projections of more 
complex 3D correlations 

(blue) 	
  

(red)	
  



                                                              Stellar population parameter 
                      ………..Age………..           ………Metallicity…..….     …..Over-abundance….. 

FP parameter 

No stellar population parameter has any significant trend with v2, the long axis 
of the FP – i.e. no variation in stellar population with luminosity density.	



Directional derivatives of stellar population parameters w.r.t. 
the FP principal axes, the FP observables, and M, L and M/L 



FP relation for galaxies in 
Kobayashi (2004) simulation         
of galaxy merger histories 
There is a trend in merger history 
along the FP, but no trend between 
merger history & scatter off the FP. 
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v2 vs log σ for elliptical galaxies 
in Kobayashi (2004) simulation 
There is a clear trend of merger 
history with v2 (luminosity density), 
but there is no readily apparent 
trend with σ. 
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Fundamental Plane differences with age of stellar population 

There is a clear trend in the r-offset of the FP with age; additionally, galaxies 
with ages <3Gyr have larger rms scatter in distance than older galaxies.       
So, in principle, we can reduce the scatter in the overall FP either by 
selection on age or by compensating for the variation with age of the FP. 

FP slopes a & b FP r-offset vs b FP r-offset vs a 



Fundamental Plane differences with metallicity of stellar population 

There is a weaker trend in FP r-offset with metallicity; so in principle could 
further reduce overall FP scatter by compensating for the effects of [Z/H]. 

FP slopes a & b FP r-offset vs b FP r-offset vs a 



M
orphology	
  

R
ichness	
  

Variation of FP parameters with group richness & morphology 

Simulations show that these significant FP r-offsets are not explained by the stellar 
population differences between clusters & field (or E/S0’s & early-type spiral bulges). 

FP slopes a & b FP r-offset vs b FP r-offset vs a 

FP slopes a & b FP r-offset vs b FP r-offset vs a 

clusters               field 

E/S0                     
spiral 



[2] For ~7000 of these galaxies, stellar population parameters (age, 
metallicity, [α/Fe]) are measured from Lick absorption line indices 

[3]  The 3D directional derivatives of the stellar population parameters in 
Fundamental Plane space show variations with all of σ, Re, Ie and δFP 

[5]  Stellar population parameters vary with v1 (through FP) and v3 (across 
FP), but not v2 (along FP ~ luminosity density); suggests that the extent 
of the FP in v2 is driven by merger histories not stellar populations 

[6]  These SP trends can in principle be used to reduce the scatter in the FP 

[1]  Successfully fit distribution of ~104 6dFGS galaxies in Fundamental 
Plane space as a 3D Gaussian distribution using maximum likelihood 

Summary and conclusions 

[4]  We recover the pair-wise 2D relations between stellar population & FP 
variables from these 3D trends, with some unexpected dependencies 


