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- We presented stellar populations of early-type galaxies with recent star formation
- We focus on the ETGs with mid-IR excess and quantify the amount of intermediate-age
stars through a stellar population analysis of the SDSS stacked spectra.

1. Data and Sample

- Bright ETGs (Mr < -21.5) from WISE
mid-IR and GALEX near-UV data with
spectroscopic sample of SDSS galaxies at
0.04 <z<0.11.

- 397 bright (Mr < -21.5), quiescent, red
ETGs without AGNs.

- Classifying ETGs based on near-UV and
mid-IR excess emissions.



2. SDSS Stacked Spectra of ETGs

- We stacked the SDSS spectra of bright ETGs with different amounts of mid-IR and near-UV
excess emissions!

F, (normalized)

©
]
~N
-
o
S
o
o~
-
<
=

(normalized)

Fy

F, (normalized)

—_,—m—m—m—m—m—————————————— e ——— ———

i V"\II'N ]N'i?

4000 4200 4400 4600 41800 5000

E+A (25)

H, H,
" NeMe (82) : [3.4]-[12] > 1.3, NUV-r < 5.4

=)

" 'NnMe (113)

————— -

——t
1.3, NUVer > 5.4

[91]
_L' | i L__x_x_x_lhx_ ! ! ! |
I N U SN NEN S NSNS R ICEESESSNENEE SR | IENIENISIESESSNSELENSSSESESEEER)

|
Lit1 sl

Wavelength (&

- Median stacking with normalized (by
Median of 4150-4250 A range) spectra.

- S/N increased by an order of
magnitude (~71-281) compared to
individual spectrum (~11)

- Measurement of 4000 A break and Lick
indices of Balmer absorption lines.



3. Tracing Recent Star Formation History of ETGs
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- [3.4]-[12] color is likely to be more correlated with the D, 4000 and H6 EW than NUV-r color.

- Mid-IR can be a useful diagnostic tool of the existence of young (<1 Gyr) and intermediate
(1-5 Gyr) age stars.




4. Stellar Populations of ETGs with mid-IR Excess

- STARLIGHT at 3800-7650 A
- 45 templates of Bruzual & Charlot
(2003) model generated from STELIB

library
- 15 ages (between 1 Myr and 13 Gyr)
- 3 metallicities (2=0.004, 0.02, 0.05)
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- The mass fraction of young (~*1Gyr) and intermediate-age (1-5 Gyr) populations for the ETGs
with mid-IR excess is small, but is not negligible compared to the ETGs without mid-IR excess.
- ETGs with mid-IR excess emission have experienced star formation in the previous 1-5 Gyr.
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Figure 6. The fractions of stellar populations with different ages in the total stellar mass for E+As (top panel) and three subclasses (bottom panels). Each column

indicates the result from the fit with templates of different age and metallicity distributions. The title in each column indicates which template we use for the fit: the
number in age means the numbg metallicity means the number of

metallicity bins: 2 (Z = 0.02, 0. Y l.,lﬂh (:] m G - rm H E‘h m T
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Figure 7. Same as middle panels of Figure 5. but for young and intermediate-age populations of the three subclasses of ETGS in three differsnt combinations of
models and IMFs at the same age and metallicity distributions as in Figure 5.
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Figure 3. H, vs. D,4000 for the SDSS stacked spectra of three subclasses of
ETGs and E+As (large symbols) Colors are the same as in Figure 1. Gray
filled and open symbols represent individual spectm for three subclasses and E
+As, respectively. The large cross indicates median errors of individual

spectrumi. The solid line represents a model of continuous star formation
histories with a solar metallicity, a fixed = = 0.5 Gyr, and different formation
time (10-0.1 Gyr). We indicate two formation ages of 5 and 10 Gyr.
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