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Red and Dead
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Conventional wisdom:

elliptical galaxies

are “red and dead”

Red colors consistent with stars
forming at at z~3

® Luminosity functions of massive
red galaxies consistent with no

growth via star formation (SF)
(Brown et al. 2007; Cool et al. 2008;

Bell et al. 2006).
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Evidence for Younger Stars

Line-index dating:

X Depth of Balmer Ilnes |nd|cat|ve of young B and A stars
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Evidence for Younger Stars

Line-index dating:

% Depth of Balmer lines indicative of young B and A stars
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Evidence for Younger Stars

Line-index dating:

% Depth of Balmer lines indicative of young B and A stars
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Evidence for Younger Stars

Near-UV observations

% Most ellipticals in z=0.4 cluster have young stellar
mass fractions of >0.1% (Ferreras & Silk 2000)

% 30% of 2100 early-type galaxies (ETGs) have
colors that require a young (< 1Gyr) component
(Kaviraj et al. 2007)

% Near-UV excess over background without far-Uv
excess, indicative of young stars (56 ETGs;
Donovan Meyer et al. 2010)
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Fuel for Star Formation in Ellipticals
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Evidence for cool gas:

Detections
% Radiatively cooling gas in 30-40% of elllptlcals
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Fuel for Star Formation in Ellipticals

Evidence for cool gas:

x  Ha emission from gas at ~104 K
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Fuel for Star Formation in Ellipticals

% Evidence for cool gas:

¥ dust/dust lanes (e.g., Peng et al., 2002)
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Star Formation in Ellipticals

Evidence for star formation:
@ QOptical line indices suggest young ages
® Ultraviolet colors suggest young stars

% Cool gas and dust exists

Low-level star formation is possible!

However, it's difficult to measure star formation rates less
than ~10-2 M vyr-1 at distances of nearby ellipticals (e.q.,
Young et al. 2009).
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Detecting Young Stars in the Ultraviolet

Search for individual stars and star clusters

X Optical data: hopeless —> background is too bright

F814W WFPC2
X In the ultraviolet:

% young stars are brighter

% less background
(old stars emit little)
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Previous UV-Bright Star Searches

NGC 5102 (S0) —
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UV Imaging with Hubble
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Can measure SFR in
nearby ellipticals to
10-5 MX yr-1 for
distances ~ 18 Mpc
using WFC3!
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Targeted Elliptical Galaxies

NGC 4697 (PAH) NGC 4374 (OVI+AGN)

4 "red and dead”

nearby ellipticals : Ay .
(10-18 Mpc) - '

red sequence

NGC 4636 (OVI) NGC 3379 (control) .
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UV-Bright Sources

UV HST/WFC3 imaging (F225W+F336W, 2 orbits per filter)
® Many sources in both WFC3 filters but not in previous optical data

F814W WFPC2
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Distribution of Sources

NGC 3379 NGC 4636
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Color-Magnitude Diagram

H. Alyson Ford 1



04/29/13

Consistent with Star Clusters

0.0
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Potential Contaminants

Background galaxies:

% AGNs & star forming galaxies expected but controllable
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Radial Surface Density Profiles

Age: .3 PRBEWNAEZEN T—0.8 —— |1
. 0.8 S PRBENWPIIBW 0.3 —

< 40 Myr (Blue; main sequence) 0.3 P2LBWN-FB36W L0 —

40 Myr to 1 Gyr (Green)

> 1 Gyr (Red)

V‘S %

Background level

H. Alyson Ford



04/29/13

Star Formation Rates & Histories
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Specific Star Formation Rates
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Further Results

No clear correlation between SF indicators and
detected SF

SF is consistent with previously measured line index
ages that indicated all observed galaxies are
uniformly very old (Kuntschner et al. 2010; Sanchez-
Blazquez et al. 20006; Trager et al. 2000)

~0.03% of U-band light — wouldn’t affect line index

Level of frosting:
® 10-8 of stellar mass younger than 100 Myr
% 10-5 younger than 1 Gyr
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First direct detection of young stars in elliptical galaxies
using Hubble Space Telescope WFC3 UV imaging

Ongoing, low level star formation detected in all targets
(~10-5M yr-1)

Star formation history roughly constant from 0.5-1.5 Gyr
(~4 x 10-4 M[X yr -1), but decreased by a factor of
several in past 0.3 Gyr

Frosted by a fraction 10-8 of stars younger than 100 Myr,
10-5 younger than 1 Gyr
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Future Work

Images from 2MASS
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Future Work

.-... Interactions?
AGNSs?
‘ ',.,;'_ o Ages?
Masses?

Images from 2MASS
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