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Early-‐type	  

Late-‐type	  

The	  red	  sequence	  is	  very	  Gght:	  
Conclusions:	  
• 	  Galaxies	  exhaust	  star-‐forming	  gas	  
quickly	  (lack	  of	  galaxies	  in	  green	  valley!)	  
• 	  No	  ongoing	  star-‐formaGon	  in	  the	  red	  
sequence	  

ETGs~ 50% of (SDSS) mass    
[Bernardi et al. 2009] 
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Textbook	  knowledge:	  
	  
ETGs:	  
	  
• 	  “have	  no	  axis	  of	  rotaGon”	  

• 	  “many	  are	  pure	  spheroids”	  
	  
	  
• 	  “no	  ISM”	  

	  
• 	  “no	  ongoing	  star-‐formaGon”	  

• 	  “really	  really	  boring”	  

Meet	  a	  early-‐type	  galaxy…	  
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Textbook	  knowledge:	  
	  
ETGs:	  
	  
• 	  “have	  no	  axis	  of	  rotaGon”	  
	  	  	  	  90%	  of	  ETGs	  rotate!	  

e.g.	  Emsellem	  et	  al.,	  2011	  
• 	  “many	  are	  pure	  spheroids”	  
	  	  	  	  ~90%	  have	  imbedded	  stellar	  	  
	  	  	  	  disks!	  	  Krajnovic	  et	  al.,	  2013	  
• 	  “no	  ISM”	  

	  
• 	  “no	  ongoing	  star-‐formaGon”	  

• 	  “really	  really	  boring”	  

Meet	  a	  early-‐type	  galaxy…	  
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Massive	  ETGs	  have	  large	  X-‐ray	  halos	  

e.g.	  O'Sullivan	  et	  al.,	  2001	  
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Figure 4a – continued

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 366, 1151–1200

~70%	  of	  ETGs	  have	  ionised	  gas	  disks	  

The	  hot	  ISM	  

e.g.	  Sarzi	  et	  al.,	  2006	  

e.g.	  O'Sullivan	  et	  al.,	  2001	  
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~70%	  of	  ETGs	  have	  ionised	  gas	  disks	  

The	  hot	  ISM	   The	  cold	  ISM	  
~40%	  of	  ETGs	  have	  HI	  reservoirs	  

The ATLAS3D project – XIII. Neutral hydrogen 1841

Figure 2. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with very large H I

distributions relative to the stellar body. The top row shows total-H I contour images. We refer to the caption of Fig. A1 for a description of the content of each
image. In this figure the top-right scale bar indicates 10 kpc at the galaxy distance. The bottom row shows position–velocity diagrams of galaxies in the top
row, drawn along an axis which highlights relevant features in the H I kinematics (see text). We plot angular and velocity offset along horizontal and vertical
axis, respectively. The diagrams are drawn along an axis whose position angle is indicated on the bottom right of each diagram (north to east). Contours are
drawn at 1.0 × 2n mJy beam−1, n = 0, 1, 2, . . . . The cross on the bottom left indicates 10 kpc along the horizontal axis and 50 km s−1 along the vertical axis.

Figure 3. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with H I distributions of
size similar to that of the stellar body. See the caption of Fig. 1 for a description of the images. In this figure, position–velocity diagrams are drawn using the
R01 cubes. Contours are drawn at N0 × 2n mJy beam−1, n = 0, 1, 2, . . . , where N0 = 0.5 for NGC 2768, 0.75 for NGC 5422 and NGC 3489, and 1.0 for
NGC 7280.
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HI	  in	  Early-‐Type	  Galaxies	  

• 	  40%	  of	  field	  ETGs	  detected	  
• 	  <10%	  of	  cluster	  ETGs	  

• 	  DetecGon	  rate	  independent	  of	  	  
	  	  	  galaxy	  mass	  
	  
• 	  HI	  Masses:	  107	  to	  1010	  Msun!	  

	  à	  significant	  fracGon	  of	  all	  	  
	  	  	  	  	  	  	  	  	  	  	  	  ETGs	  as	  H	  I-‐rich	  as	  spiral	  
	  	  	  	  	  	  	  	  	  	  	  	  galaxies!	  

	  à	  …	  but	  typical	  density	  is	  lower	  
	  
•  Majority	  of	  HI	  in	  disks/rings	  	  
•  Most	  dynamically	  relaxed	  

The ATLAS3D project – XIII. Neutral hydrogen 1847

galaxies’ optical images (their fig. 8). This index is proxy for the
bulge-to-disc ratio of a galaxy (e.g. Weinmann et al. 2009), so that
it is often used to select samples of early- or late-type systems.
Adopting standard criteria for this selection, Catinella et al. (2010)
results show that spiral galaxies are on average H I-richer than ETGs,
and that most H I non-detections are ETGs for M(H I)lim/Mstar of a
few per cent. However, consistent with our result, they also show
that there is a substantial overlap between the gas content of early-
and late-type galaxies.

Another element of similarity between spirals and ETGs with H I

is that the majority of all H I-rich ETGs show disc-like H I mor-
phology [64 per cent over the entire sample and 80 per cent above
M(H I) = 5 × 108 M"]. Therefore, a significant population of ETGs
exists which has similar M(H I), M(H I)/LK and H I morphology as
spiral galaxies. What is then the difference between the H I proper-
ties of these two types of galaxies?

To investigate this we compare the distribution of H I column
density N(H I) in detected ETGs and spirals. For the latter we use
total-H I images constructed from WSRT data cubes as part of the
WHISP survey (van der Hulst 2002). We make this comparison as
fair as possible by: (i) using WHISP images at a 30 arcsec angular
resolution, similar to that of our ETG H I images, and (ii) studying
only WHISP galaxies which either belong to the ATLAS3D parent
sample (54 galaxies), or fall within the same recessional velocity
and MB range as spirals in the ATLAS3D parent sample but are
outside the sky area covered by it (29 galaxies).

We build the normalized N(H I) histogram for each detected ETG
and spiral separately. To do so we use for each galaxy all pixels
with detected H I emission in the total H I image. Fig. 10 shows the
median of all ETG histograms (red line) and of all spiral histograms
(blue line). Both distributions increase with decreasing N(H I) down
to the sensitivity limit of the observations. WHISP data cover a wide
range in sensitivity and are on average a factor of ∼5 shallower than
our observations of ETGs. The relative normalization of ETG and
spiral N(H I) distributions is therefore uncertain.

Figure 10. Distribution of H I column density N(H I). The solid red line
shows the median distribution for detected ETGs. The solid blue line shows
the median distribution for spirals in the WHISP sample (see text). The
shaded area corresponds to the 16th and 84th percentile (equivalent to
±1σ for a Gaussian distribution). Thin black lines represent the best-fitting
Schechter function for ETGs and spirals, with a dotted line showing the
extrapolation of the best fit to column density below the sensitivity of the
observations. The dashed red line represents the column density sensitivity
of the shallowest total H I images presented in Fig. A1.

We choose to normalize the histograms in the figure to the inte-
gral of the respective best-fitting Schechter function above N(H I)=
1019 cm−2. These best fits are shown by solid black lines in the
N(H I) range where the fit was performed, and their extrapolation
to lower column density is represented by a dotted black line. For
spiral galaxies we find α = −0.99 ± 0.04 and N∗ = (1.03 ± 0.07) ×
1021 cm−2. For ETGs N∗ is an order of magnitude lower, (9.2 ± 0.6)
× 1019 cm−2. This value is close to our sensitivity threshold (red
dashed line in the figure) so that α is not well constrained for ETGs.
Therefore, we assume the same flat slope found for spiral galaxies
(α ∼ −1).5 We note that, although in different contexts, several
authors have successfully parametrized the distribution of N(H I) in
galaxies using a Schechter function (e.g. Zwaan et al. 2005b).

Fig. 10 and the above Schechter function parameters show a
significant difference between ETGs and spirals. The N(H I) dis-
tribution of spirals is very broad and stretches up to a few times
1021 cm−2. In contrast, the distribution of N(H I) in ETGs drops
very quickly and, on average, stops at ∼3 × 1020 cm−2. Most ETGs
never reach column densities above 5 × 1020 cm−2 at the resolution
of our data. This value is the mean column density of H I within
the bright disc of spiral galaxies, derived from the tight relation
between H I mass and H I radius within the 1 M" pc−2 = 1.25 ×
1020 cm−2 isophote (e.g. Broeils & Rhee 1997; Noordermeer et al.
2005). Therefore, ETGs rarely host neutral atomic gas as dense as
even the average column density in the disc of spirals. It is in-
teresting to note that the few ETGs with H I at about 1021 cm−2 –
NGC 2685, NGC 2764, NGC 3619 and NGC 7465 – are all galax-
ies with large amounts of molecular gas (Paper IV), complex and
prominent dust distributions and star-forming regions (Paper II).

So we find that as far as H I properties are concerned, the main
difference between ETGs with large amounts of H I and spirals is
that the former miss the high-column-density H I typical of the bright
stellar disc of the latter. This is reasonable as the star formation rate
per unit area is much larger in spirals than in ETGs. Instead, the
H I found in ETGs has column densities similar to those observed
in the outer regions of spirals. In spirals, gas in these regions often
exhibits warps and unsettled morphology and kinematics, and is
taken as a signature of the on-going accretion of gas on the host
galaxy (Sancisi et al. 2008). This is similar to what we find in
ETGs. As mentioned in Section 4, most of the H I-rich ETGs have
a disc- or ring-like morphology, but in many cases part of the gas
has not settled yet (or has been disturbed recently). This suggests
that despite appearing as extremely different objects in their central
regions, H I-rich ETGs and spirals may look very similar in their
outskirts.

Based on numerical simulations, several authors have argued
that it is possible to form an ETG with a disc by merging two gas-
rich galaxies (e.g. Naab & Burkert 2001; Barnes 2002; Springel
& Hernquist 2005; Naab, Jesseit & Burkert 2006; Robertson et al.
2006). The distribution of the gas around the simulated merger
remnants resembles in many aspects the H I systems discussed here.
The size and mass of the distribution vary greatly depending on the
properties of the merging galaxies and the merger geometry, and

5 The best-fitting Schechter function to the N(H I) distribution of spirals has
a flat slope at low column densities not fully probed by the WHISP data.
We verify the prediction of this fit at low column density by analysing a
very deep WSRT H I image of a prototypical nearly face-on spiral galaxy,
NGC 6946 (Boomsma et al. 2008). We find that the N(H I) distribution in
this galaxy is flat and in excellent agreement with our best-fitting spiral
Schechter function between a few times 1018 and ∼1020 cm−2, confirming
the validity of our fit.
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Figure 2. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with very large H I

distributions relative to the stellar body. The top row shows total-H I contour images. We refer to the caption of Fig. A1 for a description of the content of each
image. In this figure the top-right scale bar indicates 10 kpc at the galaxy distance. The bottom row shows position–velocity diagrams of galaxies in the top
row, drawn along an axis which highlights relevant features in the H I kinematics (see text). We plot angular and velocity offset along horizontal and vertical
axis, respectively. The diagrams are drawn along an axis whose position angle is indicated on the bottom right of each diagram (north to east). Contours are
drawn at 1.0 × 2n mJy beam−1, n = 0, 1, 2, . . . . The cross on the bottom left indicates 10 kpc along the horizontal axis and 50 km s−1 along the vertical axis.

Figure 3. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with H I distributions of
size similar to that of the stellar body. See the caption of Fig. 1 for a description of the images. In this figure, position–velocity diagrams are drawn using the
R01 cubes. Contours are drawn at N0 × 2n mJy beam−1, n = 0, 1, 2, . . . , where N0 = 0.5 for NGC 2768, 0.75 for NGC 5422 and NGC 3489, and 1.0 for
NGC 7280.
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Figure 2. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with very large H I

distributions relative to the stellar body. The top row shows total-H I contour images. We refer to the caption of Fig. A1 for a description of the content of each
image. In this figure the top-right scale bar indicates 10 kpc at the galaxy distance. The bottom row shows position–velocity diagrams of galaxies in the top
row, drawn along an axis which highlights relevant features in the H I kinematics (see text). We plot angular and velocity offset along horizontal and vertical
axis, respectively. The diagrams are drawn along an axis whose position angle is indicated on the bottom right of each diagram (north to east). Contours are
drawn at 1.0 × 2n mJy beam−1, n = 0, 1, 2, . . . . The cross on the bottom left indicates 10 kpc along the horizontal axis and 50 km s−1 along the vertical axis.

Figure 3. A sequence of H I-rich ETGs with increasingly less regular gas configurations (left to right). The sequence shows galaxies with H I distributions of
size similar to that of the stellar body. See the caption of Fig. 1 for a description of the images. In this figure, position–velocity diagrams are drawn using the
R01 cubes. Contours are drawn at N0 × 2n mJy beam−1, n = 0, 1, 2, . . . , where N0 = 0.5 for NGC 2768, 0.75 for NGC 5422 and NGC 3489, and 1.0 for
NGC 7280.
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Molecular	  gas	  in	  Early-‐Type	  Galaxies	  
–  DetecWon	  rate:	  22%	  

–  Molecular	  gas	  masses	  in	  range	  107	  to	  109	  Msolar	  

–  Molecular	  gas	  fracGons:	  7%	  to	  0.02%	  (Msolar/LK)	  

–  No	  detecGons	  of	  molecular	  gas	  in	  slow	  rotators	  

–  DetecGon	  rate	  independent	  of	  luminosity!	  
	  

DetecGon	  rate	  also	  seems	  to	  
be	  independent	  of	  
environment!	  

Young	  et	  al,	  2011	  
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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

•  DetecGons	  do	  not	  avoid	  the	  
red	  sequence	  

•  Mass	  fracGons	  also	  don’t	  
depend	  on	  opGcal	  colour	  

à	  You	  cannot	  select	  galaxies	  
by	  colour	  and	  expect	  ISM/star-‐
formaWon	  free	  samples!!	  
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by	  colour	  and	  expect	  ISM/star-‐
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(but	  can	  help	  avoid	  high	  gas	  fracGon	  
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•  DetecGons	  do	  not	  avoid	  the	  
red	  sequence	  

•  Mass	  fracGons	  also	  don’t	  
depend	  on	  opGcal	  colour	  

à	  You	  cannot	  select	  galaxies	  
by	  colour	  and	  expect	  ISM/star-‐
formaWon	  free	  samples!!	  
	  
Even	  NUV-‐IR	  colours	  cannot	  
be	  used	  to	  select	  ISM	  free	  
samples!	  	  
(but	  can	  help	  avoid	  high	  gas	  fracGon	  
objects)	  

Big	  quesWons:	  
Are	  these	  galaxies	  regenerated?	  

Or	  being	  quenched?	  
	  

Where	  has	  the	  ISM	  come	  from?	  
	  

Does	  it	  form	  stars	  normally?	  
	  

à	  Need	  interferometry	  



Probing	  the	  cold	  phase	  ISM	  in	  
early-‐type	  galaxies	  

Disks	  
(~55%)	  

Disturbed	  DistribuWons	  (~10%)	  

Bars	  and	  Rings	  
(~35%)	  

CARMA	  survey-‐	  Example	  Gas	  Morphologies	  

[Davis	  et	  al.,	  2011,	  2013,	  Alatalo	  et	  al.,	  2013]	  
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Davis	  et	  al.,	  Nature,	  2013,	  494,	  328-‐330	  	  	  

Molecular	  gas	  in	  early-‐type	  galaxy	  NGC4526	  

•  Highest	  resoluWon	  image	  of	  
molecular	  gas	  in	  an	  early-‐type	  
galaxy	  EVER.	  

•  We	  resolve	  the	  sphere	  of	  influence	  
of	  the	  black-‐hole	  

•  Shows	  importance	  of	  resonances/
spirals	  at	  small	  scales	  

•  0.25”	  (20	  pc!)	  resoluGon	  CO(2-‐1)	  
observaGons	  with	  CARMA	  



Probing	  the	  cold	  phase	  ISM	  in	  
early-‐type	  galaxies	  

Two	  main	  possibiliGes:	  
• 	  Internal	  stellar	  mass	  loss	  
• 	  External	  accreGon/cooling	  

Both	  leave	  traces	  in	  molecular	  gas	  
kinemaGcs.	  
	  
Internal	  stellar	  mass	  loss	  -‐>	  gas	  rotates	  
like	  stars	  
	  
External	  -‐>	  gas	  can	  rotate	  in	  any	  sense	  
	  
Use	  our	  large	  staGsGcal	  sample	  to	  see	  
which	  is	  dominant:	  

ALIG
N
ED	  

Key	  QuesGon:	  	  
What	  is	  the	  origin	  of	  the	  	  

molecular	  gas?	  

M
ISALIG

N
ED	  

Davis	  et	  al.,	  2011b	  
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Key	  QuesGon:	  	  
What	  is	  the	  origin	  of	  the	  	  

molecular	  gas?	  

Davis	  et	  al.,	  2011b	  

•  >35%	  of	  cold	  ISM	  accreted!	  

•  >50%	  of	  ISM	  accreted	  in	  the	  
field	  galaxies!	  

•  Cluster	  objects	  have	  aligned	  
ISM	  	  
(ISM	  not	  accreted,	  or	  relaxed?)	  

•  High	  mass	  objects	  have	  
aligned	  ISM	  
	  	  (supressed	  accreGon	  in	  high	  	  
	  	  	  mass	  objects?)	  	  
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Atomic	  gas	  chemistry	  
PACS	  	  [C	  II],	  [O	  I]	  63	  μm,	  
[NII]	  122	  μm	  	  for	  20	  
galaxies	  
SPIRE	  FTS	  	  for	  9	  
galaxies	  

R.	  Lapham/L.	  Young	  et	  al.,	  in	  prep	  
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Atomic	  gas	  chemistry	  

R.	  Lapham/L.	  Young	  et	  al.,	  in	  prep	  

B
rauher et al 08, ISO



 spiral, Irr, etc
 E/S0
 our new data

FIR	  line	  raGos	  in	  early-‐type	  galaxies	  are	  broadly	  
similar	  to	  those	  in	  spirals.	  

Also:	  [C	  II]/FIR	  vs	  FIR/H2	  consistent	  with	  “normal”	  galaxies	  -‐-‐	  Gracia-‐
Carpio	  et	  al	  2011	  



Probing	  the	  cold	  phase	  ISM	  in	  
early-‐type	  galaxies	  

Atomic	  gas	  chemistry	  

R.	  Lapham/L.	  Young	  et	  al.,	  in	  prep	  

But…	  ATLAS3D	  galaxies	  have	  systemaGcally	  lower	  
[O	  I]	  63	  /	  [C	  II].	  
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Atomic	  gas	  chemistry	  

R.	  Lapham/L.	  Young	  et	  al.,	  in	  prep	  

And…	  Surprisingly	  high	  [N	  II]	  122	  /	  [C	  II].	  
	  

Brauher et al 08 
spiral, Irr, etc
E/S0
our new data

BCGs	  

	  
• 	  the	  high	  [N	  II]122/[C	  II]	  galaxies	  are	  
all	  Virgo	  Cluster	  members;	  
• 	  	  they	  are	  also	  HI-‐deficient	  (Serra	  et	  
al	  2012;	  Lucero	  &	  Young	  2013)	  	  
• 	  	  M(H2)/M(H	  I)	  	  >80	  
• [N	  II]205	  also	  strong	  

• 	  	  stripping	  of	  diffuse	  atomic	  gas	  in	  
the	  intracluster	  medium?	  
	  
• 	  	  BUT	  compare	  observaGons	  of	  the	  
central	  galaxies	  of	  cooling	  flow	  
clusters	  (Edge	  et	  al	  2010;	  Miwal	  et	  al	  
2011,	  2012)	  
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Molecular	  chemistry	  
•  12CO,	  13CO,	  HCN,	  HCO+	  	  	  Crocker	  et	  al	  

2012;	  	  

•  CS,	  CH3OH	  –	  Davis	  et	  al.,	  2013b	  

•  CO	  J=3-‐2	  Bayet	  et	  al	  2012;	  

•  chemical	  network	  modeling	  with	  specific	  
applicaGons	  to	  early-‐type	  galaxies	  

–  enhanced	  cosmic	  ray	  ionizaGon	  

–  high	  metallicity,	  α-‐enhanced	  
abundances	  

(Bayet	  et	  al	  2012)	  
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Star	  formaWon	  -‐	  (Davis	  et	  al,	  in	  prep)	  

•  ETGs	  form	  stars	  less	  
efficiently	  than	  spirals!	  

•  SFE	  lower	  by	  a	  factor	  
~2.5!	  

	  
Could	  this	  effect	  be	  driven	  

by	  different	  physical	  
condiWons	  in	  the	  ISM?	  
(Deep	  potenGal,	  harsh	  

irradiaGon,	  high	  metallicity,	  
alpha-‐enhancements,	  high	  

shear…)	  à	  Gas	  Density	  (HI+H2	  –	  WSRT+CARMA)	  à	  	  

à
	  S
FR
	  d
en

sit
y	  
(G
AL
EX
+W

IS
E	  
22
um

)	  à
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Star	  formaWon	  -‐	  (Davis	  et	  al,	  in	  prep)	  

•  ETGs	  form	  stars	  less	  
efficiently	  than	  spirals!	  

•  SFE	  lower	  by	  a	  factor	  
~2.5!	  

	  
Could	  this	  effect	  be	  driven	  

by	  different	  physical	  
condiWons	  in	  the	  ISM?	  
(Deep	  potenGal,	  harsh	  

irradiaGon,	  high	  metallicity,	  
alpha-‐enhancements,	  high	  

shear…)	  à	  Gas	  Density	  (HI+H2	  –	  WSRT+CARMA)	  à	  	  

à
	  S
FR
	  d
en

sit
y	  
(G
AL
EX
+W

IS
E	  
22
um

)	  à
	  	  

(cauGon!	  Xco…	  systems	  are	  high	  metallicity	  however…)	  
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Star	  formaWon	  -‐	  (Davis	  et	  al,	  in	  prep)	  

•  ETGs	  form	  stars	  less	  
efficiently	  than	  spirals!	  

•  SFE	  lower	  by	  a	  factor	  
~2.5!	  

	  
Could	  this	  effect	  be	  driven	  

by	  different	  physical	  
condiWons	  in	  the	  ISM?	  
(Deep	  potenGal,	  harsh	  

irradiaGon,	  high	  metallicity,	  
alpha-‐enhancements,	  high	  

shear…)	  à	  Gas	  Density	  (HI+H2	  –	  WSRT+CARMA)	  à	  	  

à
	  S
FR
	  d
en

sit
y	  
(G
AL
EX
+W

IS
E	  
22
um

)	  à
	  	  

(cauGon!	  Xco…	  systems	  are	  high	  metallicity	  however…)	  

(cauGon!	  SFR	  calibraGons	  derived	  in	  spirals!)	  
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Star	  formaWon	  -‐	  (Davis	  et	  al,	  in	  prep)	  
HOWEVER:	  
•  ETGs	  form	  	  the	  same	  

amount	  of	  stars	  per	  unit	  
dynamical	  Wme	  as	  
spirals/starbursts/high-‐z	  
objects!	  

•  global	  dynamic	  star-‐
formaGon	  regulaGon?	  

•  Or	  simply	  a	  
manifestaGon	  of	  a	  local	  
dynamical	  model?	  
	  (c.f.	  Krumholtz,	  Dekel,	  	  
	  McKee	  2012)	  	  à	  Gas	  Density/Tdyn	  (HI+H2	  –	  WSRT+CARMA)	  à	  	  

à
	  S
FR
	  d
en

sit
y	  
(G
AL
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+W

IS
E	  
22
um

)	  à
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à	  

Conclusions	  

•  Early	  type	  galaxies	  can	  have	  complex,	  mulG-‐phase	  ISMs!	  
à	  Hot,	  warm	  and	  cold	  gas	  detected,	  dust	  also	  present	  in	  large	  quanGGes	  

•  Much	  of	  the	  gas	  is	  accreted	  
à What	  happens	  to	  stellar	  mass	  loss?!	  

•  Environment	  has	  a	  strong	  effect	  on	  the	  morphology,	  kinemaGcs	  and	  
chemistry	  of	  the	  ISM	  

•  Star	  formaGon	  efficiencies	  low	  in	  early-‐type	  galaxies	  
	  à	  Star	  formaGon	  appears	  to	  be	  dynamically	  regulated	  
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Thanks	  for	  Listening!	  
	  

Any	  quesGons?	  

CARMA	  in	  winter:	  mmarray.org	  
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Atomic	  gas	  chemistry	  

R.	  Lapham/L.	  Young	  et	  al.,	  in	  prep	  

But…	  ATLAS3D	  galaxies	  have	  systemaGcally	  lower	  
[O	  I]	  63	  /	  [C	  II].	  
	  


