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Hubble’s Tuning Fork
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135 2H13HKEH

Bulges of lenticulars are very
similar to ellipticals. Their
disk are similar to those of
early type spirals, but they
have no spiral arms.

B/T ratios, colors and spectral
properties, neutral and molecular
gas fraction, star formation rate,
average luminosity, M/L ratio are
intermediate to ellipticals and
spirals.

Lenticular galaxies are a
morphological transition class
between ellipticals and early type
spirals.



Surface Brightness Distribution
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NGC 661 V
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Surface Brightness Profile
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Galaxy Surface Brightness

Surface Brightness

I(r) = 6(r) + Iy(r) + I4(r)

de Vaucouleurs’ law:

Iiy(r) = Ib(())1()_3'33(’”/“’)1/4

Sersic law:

~\1/n
Iy (r) = Ib(O)IO_C'*(E)

Disk surface brightness:

Iy(r) = I4(0)e~ "/7)
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Galaxy Surface Brightness

Surface Brightness
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Disk surface brightness:

Ig(r) = Ig(0)e~ /")
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Bulge —Disk
Decomposition

UGC 1250
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Bulge —Disk
Decomposition X* = 2(0;-m;)*/0;?

UGC1250_V Model galaxy

UGC 1250
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Galaxy 2101283 z=0.5187 Model image

Bulge-Disk
Decomposition

Residual image
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Morphological Parameter
Correlations
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The Fundamental Plane
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Fundamental Plane

for Morphological
Mix of Galaxies
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The Photometric Plane
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2-D Correlations
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@ Ellipticals

o Early type
bulges

135 2H13HKEH

Photometric

Plane

Ellipticals and

Early Type
Bulges

Khoshroshahi etal
ApJL 2000




Bulge-Disk Correlations in
Lenticular Galaxies

Barway etal ApJL 2007
Barway etal MN 2009
Barway etal MN 2010
Barway MN etal 2011

Wadadekar etal 2013
Vaghmare etal 2013
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*N-body simulations indicate that the bulge
component of massive (luminous) lenticulars
formed from major mergers.

*But bulges in the less luminous elliptical
probably formed from minor mergers or accretion

events. Stripping of gas from the halo and disk
lead to a change in morphology.

*Correlation between photometric parameters can
be a signature of the formation mechanism.
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Bright field
lenticulars
observed in the K

band: 35
Barway etal 2006

Less luminous
field and cluster

lenticulars with

2MASS data: 49
Bedregal etal 2006
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Bulge-Disk Correlation
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Bulge-Disk Correlation
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Bulge-Disk Correlation
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Bulge-Disk Correlation
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Bulge-Disk Correlation
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1.5

Luminosity as
Differentiator
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1.5 —v—
Positive correlation in low-luminosity

lenticulars implies that they formed by

the stripping of gas from spirals, whose
bulges formed through secular

evolution. : &
AN o
Bulges of more luminous lenticulars
have likely formed through major o,
mergers and rapid collapse.
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83% barred lenticulars belong 1
to the faint group. Bars are
found in 21% of the faint
group, but in only 6% of the
bright group.

Bar Fraction and
Luminosity
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M(r)=-21.5

I

1

—— Faint barred galaxies occur

83% barred lenticulars belong
to the faint group. Bars are
found 1in 21% of the faint
group, but in only 6% of the
bright group.

more frequently in groups and
clusters than their bright
counterparts.
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A Spitzer Study of Pseudobulges

Vaghmare, Barway, Kembhavi
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Sample Selection

SO galaxies from RC3 -3- T -0, B;-14. 0,
1031 galaxies

Cross-correlate with 3.6 Spitzer-IRAC data, delete
galaxies with poor S/N, disturbed morphology

Sample: 185 galaxies
Pre-processing using MOPEX
2-dimensional bulge-disk decomposition using GALFIT
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Pseudobulge
Selection from
Kormendy
Diagram

Superior to
n<2, n>2
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Pseudobulge
Selection from
Kormendy
Diagram

e 12

mag /arcsec

10

14

(-
(*)}

| I I I I
e Bright SOs
o Faint SOs

All pseudobulge hosting galaxies are faint.

Classical bulges can occur 1n faint as well as bright

galaxies .

About 20% of faint galaxies contain pseudobulges.
[f bright and faint galaxies actually have the same
fraction of pseudobulges, the probability of not

finding a single pseudobulge in bright galaxies 1s
~104.
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Luminosity Dependence of Star
Formation-History of SO Galaxies
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Sample Selection

SO galaxies from Barway et. al. 371
SDSS data in u, g, r, I, z for full sample
2MASS data 1n J, H, K for full sample

GALEX data in FUV and NUYV for 242 galaxies

WISE mid-IR data at 3.4, 4.6, 12 for 242 galaxies
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Dislk Galaxies

Distribution of
Sersic Index n

Khosroshahi et al
ApJL 2000
AplJ 2001
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Morphological Mix

Abell clusters ellipticals 34
Coma ellipticals 42
UGC field lenticulars 37
Bulges of early type spirals 26
Bulges of late type spirals 40
Early type dwarf galaxies 128
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Morphological Mix of Galaxies

Ravikumar et al 2006
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The Photometric Plane and Dispersion
Velocity
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The Photometric Plane and Dispersion
Velocity
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Lenticular Galaxies:
Morphological Correlations
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Correlations With Sersic Index
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Environmental Dependence

Cluster lenticulars appear to
have faded relative to field
lenticulars. They could be
early type spirals which have
lost gas due to ram pressure
stripping or galaxy harassment.
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