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Galactic Bulges: 
What are the issues?

• Are bulges similar to elliptical galaxies?

• How are the kinematics of stars and gas connected?

• Are bulges triaxial? Can they be confused with bars?

• What kind of stellar populations do bulges contain?

• How and when did galactic bulges form? 



NGC5953: Formation of a KDC?

NGC5954
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NGC7742: the ring galaxy

WPFC2/F336W/F555W/F675W

de Zeeuw et al. 2002, Falcón-Barroso et al. 2006



SAURONSAURON Sa bulges stellar velocity fields

Falcón-Barroso et al. 2006 [MNRAS, 369, 529]



Velocity Dispersion drops
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13 kinematically decoupled components in our sample



Star-forming nuclear rings

NGC4245

NGC4274

NGC4314

• Fraction of nuclear star-forming rings (SFRs) consistent with previous studies (21%)

• Strong decrease gas velocity dispersion at the SFRs

• SF nuclear rings usually associated with bar-driven gas flow to the ILRs



[OIII]/Hb – Hb relation

• Star formation rates in our sample 

similar to normal disk galaxies

• Anti-correlation between SFR (or 

LHa) and Hb in inner 3 kpc

– Star forming regions associated 

with cold gas

– Gas velocity dispersion in low-

star forming galaxies dominated 

by the gravitational motion



SAURONSAURON Sa bulges line-strength maps
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RedRed: E + S0 SAURON BlueBlue: Sa bulges SAURON
Models: Thomas et al. 2003

Sa galaxies show a large range in age and Mg/Fe ratio. Sa galaxies show a large range in age and Mg/Fe ratio. 

Central index-index diagrams



Line strength gradients

Most gradients of spiral galaxies are negative in Mgb and positive for Hb (like ellipticals). 

Some Sa spirals generally have negative Hb gradients, and positive Mgb gradients.
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The Mgb - relation



The Mg2 – s relation for bulges

Falcón-Barroso et al. 2002



The Mgb - relation
5.0            Hb [Å] 2.0



The Mgb - relation

Mgb LS 
map



Mg b – s diagram as an age-indicator:

• Ha from Hb from paper VII

• Ha emission comes from 107 years 
old stars

• Diagram shows that the galaxies 
with young stars in their centers also 
have Hb emission, indicative of 107

years old stars



Maybe a better diagram: Hb-s



Mg b – s diagram as an age-indicator:

Central ageCentral age is uncorrelated with: the presence of a velocity dispersion presence of a velocity dispersion 
dropdrop, and the rotational supportrotational support of the galaxy. 

This might imply that central disks that cause the drops are long- lived! 



Inclined samples give different results from unbiased ones.

The answer: young stars can be found everywhere in the disk, 
even in the very inner regions. The bulge ABOVE the disk is OLDOLD.

What kind of stellar populations do bulges contain?

• Evidence for YOUNGYOUNG stellar populations:

• Lots of scatter in Mgb - s relation (This work)

• Mgb - s relation (Prugniel et al. 2001,Proctor & Sansom 2002)

• Positive Mgb gradients (This work)

• Evidence for OLDOLD stellar populations:

• Mgb - s relation of inclined galaxies (i.e.Jablonka et al. 1996)

• Fundamental Plane of inclined galaxies (Falcón-Barroso et al. 2002)

• Broadband colors of inclined galaxies (Peletier et al. 1999)

• Line-strength gradients of Gorgas et al. 2002



The End


