


•  Stellar Populations of Spiral Galaxy Bulges:!
  Spectroscopy: Full spectral fitting using stellar population 

models!

•  Bulges at intermediate redshift (z<1):!
  Bulges vs. ellipticals on the Fundamental Plane!

•  Structural Analysis of Spirals Galaxies:!
  Imaging: Bulge/Disk Decompositions: shape of bulge profile!

•  Introduction to The Next Generation Virgo Cluster Survey 
(NGVS: PI Dr. Laura Ferrarese)!









Messy physics 
(gas cooling, star-

formation, 
 dust, SN feedback 
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N-body merger trees 
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Driver et al. 2007abc 



   ellipticals are formed via mergers &/or rapid collapse 

   “classical” bulges are ellipticals that happen to have formed a prominent 
disk around them (after last major merger event) 

   HOWEVER not every central component that is in excess of the inward 
extrapolation of an exponential fit to the disk SB profile is a “bulge” 

Formed by secular redistribution of disk material.  Retain memory of “disky” origin: 
1)  apparent flattening is similar to that of the outer disk 
2)  contains a nuclear bar (will only see in face-on galaxies) 
3)  boxed shaped (only seen in edge-on galaxies) 
4)  has SB profile Sérsic index n ~ 1 – 2 (nearly-exponential light profile) 
5)  more rotation-dominated than classical bulge (in Vmax/σ vs. ε diagram) 
6)  a low-σ outlier in the Faber-Jackson (1976) relation (MB,bulge vs. σ) 
7)  dominated by Popn I material (young stars, gas, dust) but no sign of merger  
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MacArthur, Courteau, 
& Holtzman (2003) 
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MacArthur, Courteau, 
& Holtzman (2003) 



Late-type bulges 
are much better 
described by 
~exponential 
profiles!

(Sérsic n ~ 1) 

•  Also consistent with 
N-body models of 
secular evolution (e.g. 
Scannapieco & 
Tissera 2003)    !

MacArthur, Courteau, & 
Holtzman (2003) 

secular 
(z=0) 

secular + 
mergers 

(z=0) 



Stars have spectra that depend on temperature, pressure,
and chemical abundance

HOT
(OBA)

WARM
(FG[sun])

COOL
(KM)





[Fe/H] ≡ log(n(Fe)/n(H)) – log(n(Fe)/n(H))sun 

(X,Y,Z) ≡ fractional abundance by WEIGHT 
of (H, He, Everything else)    X + Y + Z = 1 

Any element other than Hydrogen or Helium 

Luminosity-weighted sums of their SSP components 

Single age, single metallicity stellar population 
(single burst of star formation) 



Strateva et al. (2001) 



 Collected long-slit spectroscopy of 8 nearby face-
on late-type barred/unbarred galaxies using the 
Gemini-Multi-Object Spectograph 

 Spectral coverage in the optical(~4000-6700Å) 
Exposure times of ~1.5 hours per galaxy!

GMOS spectrograph!



NGC 173 (Sc)   NGC 7490 (Sbc)  

NGC 7610 (Scd)  NGC 7495 (SABc)  NGC 7741 (SBcd) 

UGC 2124 (SBa) NGC 628 (Sc)  

IC 239 (SABcd)  





re = 11.3”    rd = 70.6”MacArthur, González, & Courteau, 2009, MNRAS, 395, 28 



MacArthur, 
González, & 

Courteau, 2009, 
MNRAS, 395, 28 

  bound-constrained optimization: best-fit linear non-zero 
combination of spectral templates 

-> here using 
70 templates 
from Bruzual 
& Charlot 
2003 models 
with full range 
of age and 
metallicity 



Fit based on 
bound 
constrained 
optimization 
of a non-zero 
linear 
combination 
of SSP model 
spectra 

Data 

Regions 
masked from 
fit 

MacArthur, 
González, & 

Courteau, 2009, 
MNRAS, 395, 28 



Population Synthesis 
Fits for R=0 spectra 

MacArthur, 
González, & 

Courteau, 2009, 
MNRAS, 395, 28 



MacArthur etal. 
2009, MNRAS, 
395, 28 

Light-Weighted 
values 

Mass-Weighted 
values 



Ellipticals from 
Thomas et al. 
2005: SSP 

Bulges from 
Ganda et al. 
2008: SFH 

Bulges from 
MacArthur et al.  

Bulges from 
Ganda et al. 
2008: SFH 

Bulges from 
Morelli et al. 
2008: SSP 



 observing distant galaxies requires a combination 
of high spatial resolution imaging from the Hubble 
Space Telescope and deep spectroscopy from Keck  



MacArthur 
et al. 

2008, ApJ, 
680, 70  
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Kinematic profiles derived using pixel 
fitting software of van der Marel (1994) 

re 

MacArthur etal., 2008, ApJ, 680, 70 



MacArthur etal., 2008, ApJ, 680, 70 



  Emerging picture for galaxy bulge formation from local 
galaxy studies plus higher redshift studies :  

    bulge formation is dominated by processes  
    that are common to all spheroids, whether  
    or not they currently reside in a disk 
  The formation process occurs on shorter  
    timescales for spheroids with higher masses 
  The contribution to the bulge mass via secular  
    processes, or “rejuvenated” star formation is small,  
    but generally increases in weight with smaller mass 
  These observations provide fundamental constraints for 
    galaxy formation models  
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HST/ACS Virgo Cluster Survey !
(PI Patrick Côté/NRC-HIA) !

Each galaxy 
observed for a 
single orbit with the 
Advanced Camera 
for Surveys on HST:  
0.05 arcsec/pixel,    
∼3.4 ✕ 3.4 arcmin 
FOV) 

Two Filters:  
F475W (≈SDSS g) 
F850LP (≈ SDSS z)  





•  The  NGVS has been granted approx. 140  nights as a CFHT/MegaPrime Large 
Program. Data will be acquired in the four spring semester from 2009 to 2012. 

•  The NGVS will survey the Virgo Cluster out to its virial radii, in u*g′r′i′z′, to g′ ≈ 25.7 (10σ) 
and µg′ ≈ 27.7 (2σ) 

•  Compared to the VCC: 100× improvement in depth, 40× in surface brightness, 6× in 
encircled energy, 5× in SED coverage. Plus, many synergistic opportunities with surveys 
at non-optical wavelengths. 

ACS VCS (F475W/g) SDSS (g) CFHT/MegaCam (i) 

The NGVS: A CFHT Legacy 





2 deg ~  
600 kpc 



An approx. 11x10 arcmin composite ugi color image showing 
NGC 4435 and NGC 4438, to the North-West of M87 
(produced by Yannick Mellier with Terapix) 







https://www.astrosci.ca/NGVS/Home.html 
https://www.astrosci.ca/NGVS/NGVS_Movie/Movie.html 


