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Star formation law

Gas(HI+H,) v.s. SFR

Kennicutt 1998 Apl




Dense gas star formation law

g 8 e
" The fit line: Ly/Lycy=900
- for L,<10''L O
E | IR © O
i 1012; 3
Ti-t
=
©
)
o< 1011 = e
ﬁ_‘ C
n C
I i
:(; L
= 1010:— E
[« L
- C
109 . i i L] . g ; ik
10° 107 108 10° 1019

Lycy (K km s™ pc® )

Gao&Solomon 2004 Ap) é%’l\étl_%/z‘% 5



5
A

$E A2 HPCS 5-451E R IE K

T | A S L S BN LR N B B

Log I: Lir/ L-E:]

Log[L'es/(K km s 'pe®)]

=P
Wang, Zhang, Shi, 2011, MNRAS letters mej%, ri;é’%



HCN 4-3 and CS 7-6
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* Sources: NGC 1068 and Arp 220
e 1-Olines at 3mm band with IRAM 30m
e 3-2lines at 1mm band with APEX



NGC 1068

Nearby face-on Seyfert 2 galaxy

1-0 lines at 3mm band with IRAM 30m
3-2 lines at 1mm band with APEX
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NGC 1068

This composite image shows X-ray (red), optical (green), and
radio (blue) data credit: NASA/NRAO/NSF
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CO in NGC 1068
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Isotopic lines of dense gas tracers in NGC 1068
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NGC 1068 1Imm: non-detection
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Optical depths of 1-0 lines in NGC 1068

* Assuming the 2C/*3C abundance ratio (~40)
are the same for all the dense gas tracers

* HCN 1-0: 4.6
* HCO* 1-0:3.0
* HNC 1-0:0.73




Isotopic abundance ratios

Using the line ratio of H3CN 1-0 and HC*N 1-
0, and assuming a **C/13C abundance ratio

14N/>N would be greater than 539 (290+/-30
for local ISM Adande&Ziurys 2012 AplJ), based
on the non-detection of HC°N 1-0

H13CO*1-0 /HC*80O* 1-0
160/180 ratio 270



Excitation of gas in NGC 1068

* None of 3-2 lines was detected
* The dense gas tracers are below TE condition

* Density in the nuclear region is less than the
critical density of 3-2 lines, even though the
normal dense gas tracers of 3-2 lines are still

comparableto 1-0 lines
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Arp 220: the nearest ULIRG
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Dec, offset [arcsac]

Molecular gasin Arp 220
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Detected Isotopic lines in Arp 220
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H3CO* v.s. SiO
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Optical depth of dense gas tracers and
excitation in Arp220

Difference line profile:H**CN 1-0 and HCN 1-0

H13CN/HCN ratio much larger than that in NGC
1068: mainly due to optical depth or 3C/**C
ratio?

H3CN 3-2/1-0: close to unity, much higher
than that in NGC 1068, excitation conditions

HN13C 3-2/1-0: 2.6+/-0.6, warmer or denser
than that of H13CN?

Single dish v.s. interferometer




Prospects and Proposals

* 3-2 lines: HCN and H*3CN with JCMT and ARO SMT
toward nearby infrared bright galaxies to
determine optical depth of HCN 3-2, APEXis
another choice

e 3-2 and 1-0 lines toward local point like (U)LIGRs
with IRAM 30m

* Test the relation between isotopic lines of dense
gas tracers and dense gas mass in Galactic
massive star forming regions (JCMT?)



Dense gas in nearby galaxies with TianMa
telescpe

CS 1-0 at Q band

HC;N 2-1 (Ku band) 5-4 (Q band)

13CS 1-0°?

Derive conversion factor from line luminosity

to dense gas mass: Mapping massive star
formation in the Milky Way with those lines



Thanks



