


Bernardi et al. 1998 

Central properties: ET galaxies show strong homogeneity 



redshift 

At z=2 only 5%  of the stellar mass in elliptical galaxies at z=0 
was already in place. 



Trujillo et al. 2002 

Massive, quiescent galaxies have increase their size by about a factor of 
5 since z ≈ 2 (Trujillo et al. 2006; Longhetti et al. 2007; van Dokkum et 

al. 2009; Cimatti et al. 2008; Franx et al. 2008) 
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Bezanson et al. (2009) 
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•  Age-metallicity degeneracy 

•  Non-solar abundances (different metallicities 
using different indicators) 

•  Presence of hot population (BHB, blue 
straggles) 



All populations older than ≈108 yr make PN and 
in a large galaxy, hundreds are available for study. 

We can observe them up to very large radius. 

If one can measure [OIII]4363, [SII]6716,6731 and 
[NII]6548,6584, then one can directly measure a 
population’s abundance distribution function and 
constrain its history of chemical enrichment. 

Possibility of getting, not only the mean values but 
also the dispersion 

. 



Measuring Metallici8es in PNe 



•  [OII]4363 is 1/100 of [OIII]5007 for Te≈12000K 

•  If we can get Teff-> we can get Ne,S, Ar and O 
(unprocessed α-elements)        age of the PN. 



NGC 4697 
d=11 Mpc PN 

  Stars 

42 PNe in M31  bulge (Richer+1999; Jacoby & Ciardullo 1999), Also in M32  
(Stasinka et al. 1998; Richer et al. 2008) and NGC5128 (Walsh et al 1999) 



NGC 4697 



•  Spectral resolution: 1000-5000 
•  Wavelength coverage ~3000-11000 
•  Typical magnitude: 27  
•  Flux=1-1.5x10-19 erg cm-2 s-1 A  (for [OIII]4363) 

•  Typical exposures times =20h 
•  With a 30m: out to ~7 Mpc 
•  With a 42 m: out to ~15 Mpc 





Ciardullo et al. 2002 

[OIII]/Hβ 

[NeIII]/Hβ 



The Magnitude of the bright cut-off 
is Universal M*=-4.5.  In all types 

of galaxies and in different parts of 
the same galaxy 

PNLF obtained for ~20 early-type galaxies up to  
distances of ~10 Mpc.  

Where M=‐2.5 log F5007‐13.74 



But why doesn’t the PNLF depend on age?   According to 
stellar evolution … 

  Younger popula8ons have higher turn‐off masses 

  Higher turnoff masses produce higher mass central stars 

  Higher mass central stars have higher Post‐AGB luminosi8es 

  Brighter central stars mean greater [O III] λ5007 fluxes 





d(Coma)= 93 Mpc   (Ho=75 km/s/Mpc) 

M*(5007)=-4.5  m*(5007)=30.34  F*(5007)=2.34 x 10-18 erg/cm2/s 

m*+2.5 (Coma)  S/N=4 36 hours 4 nights 
  30 fields 120 nights x 3 

30 fields 8 fields 
Total= 25 nights 

7 arcmin size 




