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How do galaxy SFR and gas content relate?
Kennicutt-Schmidt Law: 3 a Zgasl-4'1-5

Models (e.g. Narayanan+08, KTo7): SFR a (gas density)*5

Observations & history

CO(J=1-0) traces total molecular gas
Traditional relation between Lz — L',

1-0)

HCN(J=1-0) traces dense molecular gas, responsible for
star formation

Linear relation between Lz — L'\icn-0) (Gao & Solomon os)
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| HCN(1-0)/CO(1-0)
However, recent work 3 PR 4{5
questions the robustness = VLY
o) @(2986@0 gQ)O (g so
Of HCN(J::L-O) as d dense g -+
gas tracer in AGNSs | HCOo+(1-0)/cO(1-0)
Observations of higher 3'5;‘0-2- 7
HCN(2-0)/CO(1-0) in ULIRGs 2 d
(most of which hostan AGN)  £°'[ N nh st T
Does AGN influence of o owTe T
chemistry/abundance of 00 gm0 et tes1?
HCN? 20_1_ ) | o 1
Does the higher HCN(1-0)/ 3 ) . .
CO(1-0) reflect a higher Boop Y= ¢ 0" s
dense gas fraction? e PRI

SFR@50 -- 7/6/09



Density of the gas probed T
by molecular lines (in LTE):  °F . . . . s
Nerit = Aul / ruI 7_ _
. HCN(1-0)
& M e e s S I
NeilHCN(2-0)/HCO+(2-0)]>10  § .} i )
~ C ]
N [HCN(1-0)]= n_ [HCO+(3-2)] ¥ sf T 0'(1-0) 3
p—A— BB A, C0(3-2)
-f
; A A A p A A A A A CO(1-0)
3t I : Lol
10 100
T(K)

SFR@50 -- 7/6/09



34 nearby galaxies with 10*° < L < 10*5 L

Molecular line observations:
CO(1-0), HCO+(1-0), HCN(1-0), HCO+(3-2) &
HCN (3' 2) [Gao & Solomon ‘o4, Gracia-Carpio+08, Bussmann+08]

.=1033—-107"/cm~-3

Range in n

Homogeneous AGN identification
(BPT optical emission-line diagnostic)
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* Overall: relation between Lig-L' ., becomes shallower as n_;,

(Conversely, L' -L,r becomes steeper)
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Ratio of molecular lines with different densities should vary with L5
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critical density contrast:

Rcrlt Iog( crlt[HD] / ncrit[LD] )
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critical density contrast
Rert = 10g( Ng[HD] / nfLD] )
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HD/LD line luminosity

ratios increase with L,
(index a>0)

This effect is more
pronounced for higher
density contrast

Larger samples over a
larger dynamical range
would help confirm this
trend



Simulations Observations
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log(Ly [Lo])

Simulations: gas-rich
disk galaxies and galaxy
mergers with fixed
Galactic abundance

Higher spread of HCN/
CO luminosity ratios in
more IR-bright galaxies

Evolutionary stage of
the merger may play a
role



Our results support a higher dense gas fraction (higher
average density) in ULIRGs

We reproduce the observed spread of HCN/CO without AGN-
induced chemistry/abundance effect

AGN reside in high-density gas-rich systems and are

generally not the main driver of a higher HCN/CO luminosity
ratio
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Increased density of molecular gas
during galaxy merger may be the
underlying cause of the higher L /L,

NGC 520 L . NGC 6240




