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Figure 1. Comparison of previously published NUV magnitudes
and GALEX catalog GR6 data for the Atlas3D sample. The one
pink triangle outlier is ngc4578, for which the new catalog data use
a much deeper exposure.

lation to curves of growth or from two-dimensional image
fits, and Figure 1 presents a comparison of the catalog
photometry to the results of Donas et al. (2007), Gil de
Paz et al. (2007), Jeong et al. (2009), and Carter et al.
(2011). There may be a systematic offset on the order of
0.2 mag for faint galaxies (NUV ≥ 16), in the sense that
the published magnitudes are brighter than the catalog
values.

We use the asymptotic NUV magnitudes and the
2MASS KS-band magnitudes (tabulated in Paper I) to
compute NUV-K colors. While this procedure is not as
accurate as aperture matching, it is adequate for our pur-
poses here as we use the photometry only to indicate the
distributions of galaxies within a color-magnitude dia-
gram. Likewise any systematic offsets on the order of 0.2
mag are still small compared to the scatter in the colors
of red sequence galaxies.

4. COLD GAS IN RED SEQUENCE GALAXIES

4.1. Molecular gas

Figures 2 through 5 show color-magnitude diagrams
and their analogs for the Atlas3D early-type galaxies,
with symbol sizes scaled to the molecular gas masses.
Figure 2 presents u− r colors, and Figure 3 shows NUV-
KS colors with the modification that molecular masses
are normalized to the stellar mass as M(H2)/M∗. A com-
parison of the two panels provides visual illustration of
important statistical results from Paper IV, namely that
the CO detection rate and M(H2) distributions are sur-
prisingly constant over the luminosity range of the sam-
ple. Thus in Figure 3 there is a trend for M(H2)/M∗

to be larger for low luminosity galaxies, but statistically
speaking it is because M∗ is smaller and not because
M(H2) is larger.

The red sequence is clearly evident in these figures,
as are a number of the Atlas3D members in the green
valley and even into the blue cloud. These ‘blue tail’
early-type galaxies have Mr > −20.5, MK > −23.4 or
log(M∗/M") < 10.6; according to the luminosity func-
tions derived by Bell et al. (2003) they have L ! 0.6L∗,
whereas galaxies of L > 0.6L∗ are still on the red se-
quence. The ‘blue tail’ early-type galaxies are therefore
analogous to those detected in clusters at moderate red-
shift, for example, by Jaffé et al. (2011). The CO de-

Figure 2. Optical color-magnitude diagram for the Altas3D sam-
ple. CO detections are indicated in red circles and nondetections in
black crosses; the sizes of the red circles indcate the value of M(H2),
scaled logarithmically as indicated in the legend. Contours under-
neath show the red sequence and the blue cloud as indicated by a
sample of 60000 galaxies with redshifts in the range 0.01 ≤ z ≤ 0.08
from SDSS Data Release 8. No V/Vmax correction is applied, so
the contours are intended to mark the general locations of the red
sequence and the blue cloud in this diagram but not to indicate
relative numbers of galaxies in different regions. The dotted lines
are the red sequence ridgeline and a parallel line 2σ redder, as
described in section 4.3.

tection rate exceeds 50% among them, which supports
the suggestion that they are blue because of ongoing
star formation. They are also known to have younger
stellar populations in their centers (Scott et al. 2012;
Kuntschner et al. 2010).

In contrast to the blue tail galaxies, many of the CO
detections (particularly those with L ≥ 0.6L∗) also be-
long to galaxies which are securely located in the heart of
the red sequence, and this is true whether one considers
optical or UV-IR colors. In section 5 we consider inter-
nal reddening by dust associated with the molecular gas,
and we show that the dust plays a large role in keeping
these H2-rich red sequence galaxies on the red sequence.
However, the “raw” colors (before correction for internal
reddening), as presented in this section, are relevant for
comparisons to large surveys and studies of high redshift
galaxies, where internal dust corrections are often not
done.

Figure 4 presents an analog of a color-magnitude di-
agram which is constructed using the Hβ line strength
index in place of color. As both the Hβ line strength and
NUV-K color are sensitive to the presence of young stel-
lar populations, and as the Atlas3D sample displays a
tight relationship between Hβ line strength and NUV-K
color, Figures 3 and 4 are qualitatively similar. The only
notable differences are two outliers in the (NUV-K)–Hβ
relation, NGC1266 and UGC09519, which are both red
sequence galaxies in NUV-K colors but have strong Hβ
absorption, and undoubtedly these are galaxies with sig-
nificant internal reddening by dust. Even more so than
the NUV-K diagram, the Hβ-magnitude diagram dra-
matically emphasizes a dichotomy between a tight red

Gas	
  rich	
  ETGs	
  don’t	
  avoid	
  the	
  red	
  sequence…	
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Data	
  sets:	
  
• 	
  IFU	
  (Integral	
  Field	
  Unit)	
  spectroscopy	
  
[SAURON	
  IFU	
  on	
  the	
  WHT]	
  
• 	
  Photometry	
  [INT/SDSS]	
  
• 	
  Single	
  dish	
  carbon	
  monoxide	
  detec/ons	
  
[IRAM-­‐30m]	
  
• 	
  Millimeter	
  interferometry	
  [CARMA/PdBI]	
  
(on	
  detec/ons,	
  ~50	
  galaxies)	
  
• 	
  HI	
  data	
  [WSRT]	
  (DEC	
  >+	
  10	
  deg)	
  

The	
  ATLAS3D	
  project:	
  
A	
  complete,	
  volume	
  limited	
  survey	
  of	
  
local	
  early-­‐type	
  galaxies,	
  out	
  to	
  42	
  Mpc	
  
(and	
  visable	
  from	
  WHT).	
  
	
  
Parent	
  sample	
  of	
  all	
  galaxies	
  with	
  	
  
Mk	
  <	
  -­‐21.5	
  à	
  671	
  galaxies	
  
	
  
Morphologically	
  selec0on	
  à	
  260	
  ETGs	
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Disks	
  
(~55%)	
  

Disturbed	
  Distribu/ons	
  (~10%)	
  

Bars	
  and	
  Rings	
  
(~35%)	
  

CARMA	
  survey-­‐	
  Gas	
  Morphologies	
  

[Alatalo	
  /	
  Davis	
  et	
  al.,	
  2013]	
  



Suppressed	
  star-­‐forma/on	
  	
  
in	
  z=0	
  early-­‐type	
  galaxies	
  

Are	
  these	
  galaxies	
  forming	
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•  Detected	
  in	
  UV,	
  balmer	
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  hot	
  dust,	
  radio…	
  

•  Mean	
  star-­‐forma0on	
  rate:	
  0.3	
  Msun/yr	
  

•  Some	
  have	
  more	
  molecular	
  gas,	
  and	
  form	
  more	
  stars	
  
than	
  the	
  Milky	
  way!	
  	
  

	
  	
  	
  	
  	
  	
  (>3	
  Msun/yr)	
  
	
  
à	
  These	
  galaxies	
  are	
  NOT	
  red	
  and	
  dead!	
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à	
  These	
  galaxies	
  are	
  NOT	
  red	
  and	
  dead!	
  BUT:	
  
	
  
•  How	
  efficient	
  is	
  this	
  star	
  forma0on?	
  Galaxies	
  are	
  not	
  

blue!	
  (c.f.	
  Mar0g	
  et	
  al.,	
  2009-­‐	
  morphological	
  quenching)	
  

•  Do	
  we	
  know	
  how	
  to	
  measure	
  SFRs	
  well	
  in	
  ETGs?	
  
-­‐	
  Effect	
  of	
  old	
  stellar	
  popula1ons,	
  deep	
  poten1al,	
  X-­‐ray	
  
halos,	
  alpha-­‐enhancements,	
  magne1c	
  fields…	
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Mar0g,	
  Crocker	
  et	
  al.,	
  2013	
  

•  Resolved	
  star-­‐
forma0on	
  in	
  a	
  
sample	
  of	
  8	
  galaxies	
  

•  8um	
  SFRs	
  

•  Resolved	
  CO	
  (PdBI/
BIMA)	
  
	
  -­‐	
  Galac0c	
  Xco	
  

à	
  ETGs	
  seem	
  to	
  have	
  
lower	
  star-­‐forma/on	
  
efficiency	
  (by	
  factor	
  
~3)	
  than	
  spiral	
  
galaxies!	
  
	
  

Does	
  this	
  hold	
  for	
  all	
  ETGs	
  in	
  local	
  volume	
  (ATLAS3D)?	
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•  Integrated	
  star-­‐
forma0on	
  in	
  the	
  full	
  
ATLAS3D	
  CO	
  
detected	
  sample	
  
	
  à	
  40	
  (60)	
  galaxies	
  

•  22um	
  and	
  22um
+FUV	
  SFRs	
  

•  Resolved	
  CO	
  
(CARMA)	
  

à	
  In	
  a	
  large	
  sample	
  
we	
  find	
  same	
  result-­‐	
  
SFE	
  lower	
  by	
  a	
  factor	
  
of	
  3	
  in	
  ETGs!	
  
	
  

Davis	
  et	
  al.,	
  2013	
  (in	
  prep)	
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What	
  is	
  the	
  cause	
  of	
  this?!	
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Davis	
  et	
  al.,	
  2013	
  (in	
  prep)	
  

•  If	
  one	
  takes	
  into	
  account	
  
the	
  dynamical	
  1me	
  the	
  
ETGs	
  fall	
  back	
  on	
  the	
  
same	
  rela0on!	
  

•  Same	
  as	
  for	
  high-­‐z	
  
galaxies	
  (e.g.	
  Daddi+	
  10,	
  
Genzel+	
  2010)	
  

	
  
	
  
à  Implies	
  dynamically	
  

regulated	
  star-­‐
forma?on	
  

	
  
-­‐	
  bars,	
  spiral	
  structure,	
  
resonances	
  are	
  likely	
  important	
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•  Many	
  Early	
  type	
  galaxies	
  not	
  “red	
  and	
  dead”!	
  

-­‐  ¼	
  have	
  molecular	
  gas,	
  and	
  form	
  ~0.3	
  Msun/yr	
  of	
  new	
  stars	
  
-­‐  Many	
  have	
  star-­‐forma0on	
  surface	
  densi0es	
  HIGHER	
  than	
  those	
  found	
  in	
  

spirals	
  

•  Despite	
  this	
  they	
  form	
  stars	
  less	
  efficiently!	
  	
  
-­‐  Form	
  3	
  0mes	
  fewer	
  stars	
  per	
  unit	
  gas	
  mass	
  

à Molecular	
  gas	
  “fuel”	
  lasts	
  3	
  0mes	
  longer	
  in	
  ETGs!	
  	
  
•  This	
  difference	
  related	
  to	
  the	
  depth	
  of	
  the	
  poten0al	
  

-­‐  ETGs	
  form	
  the	
  same	
  number	
  of	
  stars	
  per	
  dynamical	
  0me	
  as	
  spiral,	
  
starburst	
  and	
  high-­‐z	
  galaxies	
  

à	
  Growth	
  of	
  spheroid	
  at	
  higher	
  redshie	
  can	
  suppress	
  star-­‐
forma/on	
  without	
  destroying/removing	
  cold	
  gas	
  	
  

Conclusions	
  
	
  


