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Background: 2 Key Mass Scales
e M. = characteristic mass = 1-3 x 10! M

sun

transition to “dwarf”
properties: bursty
SFHs, lower
concentration, higher
gas content, lower
dust/metallicity M.
(Kauffmann+03,

Kannappan 04,

Dalcanton+04)

note mass-velocity
correspondence
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Background: 2 Key Mass Scales
e M, = turnoff mass = 1-2 x 10t M,
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Quenching Processes

halo growth above cold accretion mass scale
falling Into cluster environments

AGN feedback (temporary if acting alone)
mergers (temporary If acting alone)

“‘quenching mergers” = mergers that use up cold gas in
mass/envt regime hostile to new cold gas accretion



we know about quenching without merging -

e.g.
gas stripping, harassment

o
o
%

Virgo infall, Kenney + 2004

what about merging without quenching?

leftover gas, fallback of debris, temporary quenching +
later accretion  star-forming/disk-building early types



What is an early type?
o Early Type Galaxy (ETG) = E, SO, dE, dSph

« SOs have bulge +
smooth outer disk,
may have bars or
Incipient spiral arms
(=S0/a); bulge size
can be small (van
den Bergh 1976)

o typed by 3+
iIndependent people
In g or B band



Early types are common on the blue sequence!
~1% above M, ~ 10 M., but 20-50% below M, ~ few 101° M,

sun

blue-sequence ETGs vetted _
but spirals not  lower limit types uniformly vetted

HYPERLEDA/SDSS/2MASS Nearby Field Galaxy Survey



Early types are common on the blue sequence!
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mass-radius relation:

blue-sequence ETGs have similar or larger radii

HYPERLEDA/SDSS/2MASS Nearby Field Galaxy Survey



(total) mass-s relation:

blue-sequence ETGs have similar or smaller s

Nearby Field Galaxy Survey



(total) mass-s relation:

blue-sequence ETGs have similar or smaller s

robust to mass estimation

Nearby Field Galaxy Survey



Evolutionary Scenarios

e recent quenching mergers fading up to the red

seguence -
=

-
s
e preexisting or newly formed ETGs growing disks

& evolving down toward the blue sequence‘;

\

e static systems with slow star formation and
minimal evolution




M~ M, guenching mergers
C10



BUT recall blue-seq ETGs are rare above M,
and become important below M,

(lower limit)

HYPERLEDA/SDSS/2MASS sample



What are most blue-sequence ETGs like?



What are most blue-sequence ETGs like?



Overview of Properties

 modest density envts ¢ SO/disky E structure

cluster ctrs I

mean field



bluer outer disks, bluer centers, and more
blue-centered color gradients



signs of mergers/interactions

no satellite statistics yet
but worth further study!

gas kinematic asymmetries
50% of blue-seq ETGs have highly asymmetric gas rotation curves

blue-centered profiles
60% blue-seq, 50% borderline, 20% red-seq — may reflect triggered
pseudobulge growth (Kannappan, Jansen, & Barton 2004)

catalogued (large-ish) companions
more common for borderline/red-seq than blue-seq



more gas, more star formation



gas fractions mass dependent

35,000 SDSS-2MASS galaxies

“photometric gas fractions”
from u-K colors

1 0 -1 -2

(Kannappan 2004)

~10% gas common for
low-mass red seq
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gas detections
In the Nearby
Field Galaxy
Survey



secondary disks (polar, counterrotating)

galaxies with
decoupled gas
all near the blue
sequence

but does this
mean new disk
growth?



1. clear secondary disk, subdominant

apparently smooth
disky E, low SFR

HI extends to 2-3 x R,, but

<10% gas fraction
(Kannappan, Matthews, et al.)

cross-correl’n profile
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\ newly confirmed companion




2. unresolved secondary disk likely

round E, low SFR,
embedded inclined
spiral (Vader &
Vigroux 1991)




3. single, warped stellar disk; gas just arrived?

S0/a, non-coplanar
gas, small neighbor,

mini-starburst
(Kannappan & Fabricant 2001)




4. unresolved secondary disk, dominant in ctr

smooth SO,
low SFR




4. unresolved secondary disk, dominant in ctr

smooth SO,
low SFR

gas




5. the polar ring: “lighting up” pre-accreted gas

SO core diameter ~ 5 kpc
projected separation 30 kpc
~2:1 or 3:1 mass ratio incl. gas

= HI contour from Cox et al. 2001




timescales for star formation

polar ring



timescales for star formation

-
/

best 2-SSP model often says >~10% mass iIs 25-640 Myr old




bottom line

secondary disks have formed/are forming, both
Inside-out and at large radii

Interactions may help trigger stellar disk growth
In pre-accreted gas and/or deliver gas

new disk growth is most significant below M,



Summary: Blue-Sequence ETGs

handful above M, probably quenching mergers

numbers rise below gas/quenching thresholds, M, & M,
modest density environments and mostly SO types

M-r and M-s similar to red seq but reach larger r, lower s
mix of fading mergers, disk-building systems, and stasis

companions may drive “bursty” disk & pseudobulge
growth (but mass ratio matters!)




Implications of This Population

catch quenching,
merging, & disk
regrowth in action

coordinated disk &
(pseudo)bulge
growth

possibility of re-
forming spirals
source & sink terms
forz=z1 0 evoln of
red seq and maybe
spirals too — not
passive below M,

R L

Metevier+ 2006 (preliminary)



Connection to blue

spheroids at high z???




What about the sub-M, red sequence?



