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• B
etter understanding of  the feeding/feedback cycle in LE

R
G

 
• role of LE

R
G

 in the lifecycle of m
assive galaxies 

• Statistical approach: w
ell defined (volum

e-lim
ited) LE

R
G

 
sam

ples + control sam
ples of R

Q
 early-type galaxies 

• M
ulti-w

avelength (m
ulti-phase) study of LER

G
 (m

eso scale): 
– 

w
arm

 ionized gas + stellar com
ponent (IFU
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– 

m
olecular gas (single dish and interferom

etry)  
– 

detailed radio jet m
orphology (brightness gradients, 

deflections, co-spatial heating, outflow
s) 

– 
dust (high resolution optical im

aging in tw
o bands)  
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The R
ole of M

olecular G
as in LE
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G

s - I  
 • 

H
2  / dust present in a significant fraction of R
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 and R

L E
TG

 
• 

nuclear dust m
ore likely to be found in R

L E
TG

 (van D
okkum

 &
 Franx 95; 

de R
uiter et al. 2002, Verdoes K

leijn &
 de Zeeuw

 2005) 
• 

E
vidence for a relation betw
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 and dusty disks in E
TG

 cores 
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 B
2: volum

e lim
ited sam

ple of 23 objects w
ith z<0.03;  

             18 observed in C
O

 [P
randoni+ 2007; O

cana-Flaquer+2010] 
 3C

:  volum
e lim

ited sam
ple of 26 objects w

ith z<0.031 
              observed in C

O
 [Lim

+ 2003] 
 U

G
C

: A
ll galaxies w

ith radio jets  w
ith  v<7000 km

/s (z<0.0233) 
                                                                    optical diam

eter > 1 arcm
in 

                sam
ple of 18 objects observed in C

O
 [Leon+ 2003]  

 TA
N

G
O

: 20 additional sources w
ith 0.031<z<0.1 observed in C

O
 [O

cana-Flaquer
+2010]  no uniform

 selection criteria 
 + S

outhern S
am

ple: 11 objetcs w
ith z<0.03 

 
"
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N
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R
G

s - I  
 "
 Is H

2  m
ore abundant in LE

R
G

s w
rt R

Q
 E

TG
 and/ore R

adio w
eak A

G
N

? 
   • 

H
2  seem

s to be m
ore abundant in LE

R
G

 than in R
Q

 E
TG

  
• 

LE
R

G
 m

ostly have  log M
(H

2)~7.5 – 8 M
sun 

• 
radio w

eak A
G

N
 have sam

e m
olecular m

ass properties as R
Q

 E
TG

 
 • 

this result seem
s to be robust against scaling relations and distance 

selection effects 

• 
this result rem

ain consistent w
ith H

E
R

G
 being richer in H

2   
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G
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orphology and kinem

atics different in R
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 E
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s ? 

A
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ycle 3 O

bservations for 9 of the 11 R
G

 in the S
outhern sam

ple: 
[typical resolution of 0.6-0.7 arcsec / ~100-250 pc] 
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 "
 N

o evidence so far... but com
parison biased tow

ards gas-rich galaxies 
and com

pact C
O

 structures.  
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s - III  
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 Is the H

2  of internal or external origin? 
 • 

13 
(33%

) 
of 

ATLA
S

3D 
C

O
-rich 

sub-sam
ple 

show
 

significant 
(>30°) 

kinem
atic m

ajor axis m
isalignm

ent betw
een stellar and gas com

ponents 
!

 external origin  

• 
2 w

ith other signs of external origin  

"
 38%

 external [A
latalo+13]  
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P
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: The case of N
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C
 3100 
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 E

vidence of feeding/feedback?  
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D
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odeling of C

O
 kinem

atics  
• 

C
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bined C
O

/ w
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 ionized gas analysis 
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S
um
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ary 

• 
H

2  is m
ore abundant in LE

R
G

 than in R
Q

 E
TG

  
• 

H
2  is m

ore abundant in LE
R

G
 than in radio w

eak (no large scale radio jets) 
 B

ased on our ongoing m
ulti-phase study of a pilot LE

R
G

 sam
ple (11 sources): 

 • 
H

2  m
orphology and kinem

atics sim
ilar in LE

R
G

 and gas-rich R
Q

 E
TG

s  
• 

H
2 disks are very frequent in cores of LE

R
G

s (rings also present) 
• 

LE
R

G
 seem

 to have sm
aller disks/rings (sub-kpc)  than gas-rich R

Q
 E

TG
s 

• 
H

2  is of external origin in at least 33-50%
 of LE

R
G

 (sim
ilar fractions for gas-rich R

Q 
E

TG
s) 

• 
N

G
C

 3100: detailed kinem
atic m

odeling !
 tentative evidence of H

2  radial inflow
s 

(A
G

N
 feeding?)  

• 
N

G
C

 3100: link betw
een disrupted C

O
 m

orphology and presence of O
III em

ission 
along radio jet (A

G
N

 feedback in action?) 
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O
pen Q

uestions 
 • 

A
re the m

any observed sub-kpc/kpc scale H
2  disks in LE

R
G

s in agreem
ent w

ith 
C

C
A

? 

• 
C

an the various evolutionary phases of C
C

A
 (see Lakhchaura talk) explain w

hat w
e 

observe?  

• 
C

an gas/stars m
isalignm

ents be explained in C
C

A
?  

 • 
H

ow
 the environm

ent fit in?  
  • 

A
re LE

R
G

 statistically im
portant for galaxy-scale feedback? 
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