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Dense Molecular Gas 1n Atlas3D E and SO Galaxies:
15CO, HCN, HCO™

The Sample:

e 205 elliptical and SO galaxies within 40 Mpc volume and observable from
La Palma

e survey in 12CO(1-0) at the IRAM 30m telescope ~ 25% detected
e strongest 18 detections selected for this study (15 currently observed):

Alison Crocker (UMass Amherst, Oxford Univ.),

Melanie Krips, Martin Bureau, Lisa Young, Timothy
Davis, Leo Blitz, Katey Alatalo, and the Atlas3D

teamnl: Michele Cappellari, Eric Emsellem, Davor Krajnovié, Richard
McDermid, Roland Bacon, Maxime Bois, Fréderic Bournaud, Roger
Davies, Tim de Zeeuw, Jésus Falcon-Barroso, Sadegh Khochfar, Harald
Kuntschnner, Raffaella Morganti, Thorsten Naab, Tom Oosterloo, Marc
Sarzi, Nicholas Scott, Paolo Serra, Remco van den Bosch, Glenn van de
Ven, Gijs Verdoes-Kleijn, Anne-Marie Weijmans

[L.ine ratios:
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Am 220 .
e measure of average optical depth
—< ' 12 13
NG4459 1 — CO/*2CO(1-0) ratio is between 5-25 for spiral galaxies
% YIey) (Paglione et al. 2000, pink region here)
T - 1 NGC 6240 — higher ratios seen in starbursts with diffuse molecular gas
N
— (more 1200 is optically thin)
("_\']I 10__ % — 7 — lower ratios (<5) seen in Milky Way GMCs
8 T ! 1 e E/SOs span full range : various average optical
o B = | depths
~ |
N8 NGC4526 + | — 3 galaxies with very low 12C0/13C0O(1-0) ratios; possi-
— HH ,i[, bly enhanced 13c0 abundance from old stars, possibly
| ] very optically thick
. NGC366|36 3607 . . — 1 galaxy with a high starburst-like 1200/13CO(1—0) ra-
Observations and Data: T % £ EIS0 tio: UGC09519
e e ratios for the (1-0) and (2-1) transitions corre-
e observations to rms noise level of 1.1 and 0.6 mK for 1°CO(1-0) and _ IR lafhe
. — similar average gas properties within the smaller (2-1)
H(jN'(];—O)7 I‘eSpeCtlvely (30 km/S ChaHHGIS) 12(]5%/13(:0(1 O) 100 radius beam
5 5 = — NGC 4459 sole outlier from the general trend
e 15/15 detected in ¥*CO(1-0) and 14/15 in 13CO(2-1)
e 9/11 detected in HCN(1-0) and 6/11 in HCO™ (1-0)
e Examples of lines in 3 galaxies: — —————zeeg HCN/CO
1.00F - ; |
UGC09519 _ _ NGC3866 St : e measure of dense molecular gas fraction
f - - E ' - m Starburst . 12
) L m Seyfert i — HCN/*“CO(1-0) ratio is between 0.2-0.9 for spiral galax-
fA ' ' ies (Gao & Solomon 2004, pink region here)
:é — higher ratios seen in starbursts (more with 13CO) and
1.E =) some Seyferts
- " 3 M382 - — even higher ratios seen in some Seyfert galaxies (see NGC
] - 5 1068 in blue; hypothesis of XDR-influenced chemistry)
1 & L NG Arp 220 i e F /SOs have similar dense gas fractions as spirals
] LZ) i NG£i4 NGC 6240 ’ — mnearly all E/SOs intersect with the spiral range of
s - - HCN/12co
iéé HH i — the one upper limit clearly below is the same galaxy that
= |_]:_|+ ] approached the starbursts in 12CO/13CO ratio (UGC
- % . 09519); it thus has lots of optically thin molecular gas
— but is not similarly powered by a starburst (the low
_--1_¢ ﬁv i HCN/12CO ratio reveals there is not enough dense gas)
— the galaxies with very low 12CO/13CO(1—O) ratios have
_ 001 ! L] ! ] particularly high HCN/12CO ratios; this fits with the
i O 1 10 100 hypotlllgsis that they have a higher fraction of optically
d | HCN/2CO(1-0) | thick 700
— HCN/HCO*
¥ . .
% : Arp 220 e measure of AGN /SN influenced chemistry
] — HCN/HCO+ ~ 1 in star-forming MW and M31 GMCs
T 1T NGC1068 (pink region, Pirogov 1999, Brouillet et al. 2005)
. T'_._|= — HCOT enhanced by cosmic rays (ie. from SNe)
6 _ L= — HCN can be enhanced by XDR chemistry surrounding
. . . . . . . . — L powerful AGN (Lintott & Viti 2006)
Spectra centered on the optical radial velocity. Vertical dotted lines indicate the region 5 — AGN-dominated LIRGs have higher ratios, SB-dominated
: . - o . . . —  — — LIRGs have lower rati Kri t al. 2008, Imanishi et
used to obtain integrated intensities (based on '*CO(1-0) line width). All lines shown O ! ' B T
. . = NGC 6240 | . .
are over 30 detections except for the HCN(1-0) line of UGC 09519. = . _ e E/SOs vary significantly, most > 1
Interestingly, the line profile of NGC 5866 shows a clear double peak structure in T iz _ two below 1: UGC 09519 and NGC 2764; possibly SNe
both HCN and HCO™, while its CO lines show a single peak. This difference in shapes T tmportant for chemistry
? . ] o — several > 1.5: but not particularly powerful AGN... what
suggests a much lower dense gas ratio at low relative velocities, thus near the galaxy’s Emo causes such high ratios? denser than average GMC gas?
. . . . . . i + metallicity effect?
center. This central drop in HCN is opposite to what is seen in XDR chemistry of -ggftgtrst 1
3 . . .
some Seyferts where HCN is enhanced in the central regions. o T
0.1 1.0 10.0
HCN/“CO(1-0)
" DA LR LR LR
| + Atas3D E/SOs
< Gao & Solomon 2004
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- SFR and molecular gas:
e SFR/CO or SFR/HCN trace how efficiently stars form from the molecular
= 10" ; or dense molecular gas, respectively
a e IR scales linearly with HCN, while the IR is overluminous with respect to
I ;
CO in LIRGs and ULIRGs (linear fit has slope > 1, Gao & Solomon 2004)
107F ; e E/SOs lie above the relation found between IR and CO in the GS04 sample
' (have too much IR per CO, like LIRG/ULIRGS)
Mo
“ e much better agreement with the IR vs HCN relation; confirms idea that
100 - Slope=13 <+ - Slope=10 - HCN is particularly good dense gas tracer and it is the dense gas that
Y VY R OY: 1 I PP E 1V RS UUOOY RO predicts SFR better than the total molecular gas
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