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提纲 

• 致密分子气体: 星系中恒星形成研究的关键 

• 我们的工作：NGC 1068 及Arp 220中致密分
子气体同位素的观测 

• 总结与展望：JCMT以及天马望远镜 
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  星系中的致密分子气体与恒星形成及
恒星形成定律 

恒星形成定律的提出：Schmidt(1959)原子气体 

 Kennicutt(1998) 原子气体+分子气体 

Gao&Solomon(2004) 致密分子气体(HCN 1-0) 

Wu et al (2005)延伸到河内恒星形成区 

Kennicutt 1998 ApJ 
Gao&Solomon 2004 ApJ 

斜率大约1.4 斜率1 

Wu et al. 2005 ApJL 3 



Star formation law  

Kennicutt 1998 ApJ 
 
 

Gas(HI+H2) v.s. SFR 
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Dense gas star formation law 

Gao&Solomon 2004 ApJ 线性关系 5 



近邻星系中CS 5-4与恒星形成 

Wang, Zhang, Shi, 2011, MNRAS letters 
也是线性关系 
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 HCN 4-3 and  CS 7-6 

Zhang et al. 2014, ApJL 依然是线性关系 
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但是，问题远没有解决         
ü遗留的主要问题： 

1.不同致密分子气体探针之间的一致性 

2.致密分子气体质量的估算的不确定性(分子谱线光度
到质量的换算) 

3.致密分子气体占总气体比重与星系的关系及原因？ 

4.致密分子气体的激发状态？ 

ü致密分子气体探针同位素： 

1.大部分的致密分子气体探针是光厚谱线 

2.光薄谱线(比如同位素分子)的信息对于致密分子气体十分重要 

3.同一分子的多条跃迁可以估算激发：温度密度信息 

4.由于信号很弱，大样本的观测不易 
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观测情况 

• Sources: NGC 1068 and Arp 220 

• 1-0 lines at 3mm band with IRAM 30m 

• 3-2 lines at 1mm band with APEX 
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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 
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This composite image shows X-ray (red), optical (green), and 
radio (blue) data credit: NASA/NRAO/NSF 
 



CO in NGC 1068 

Schinnerer et al. 2000 



 

•  (3mm) 

• HC18O+ 1-0  

• (H13CN 1-0, H13CO+ 1-0, HN13C 1-0)

 

• HC15N 1-0 H15NC 1-
0

 

• 1mm  



Isotopic lines of dense gas tracers in NGC 1068 

Wang et al. 2014 ApJ 
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NGC 1068 1mm: non-detection 

Wang et al. 2014 ApJ 
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Optical depths of 1-0 lines in NGC 1068  

• Assuming the  12C/13C 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 
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Isotopic abundance ratios 

• Using the line ratio of H13CN 1-0 and HC15N 1-
0, and assuming a 12C/13C abundance ratio 

• 14N/15N would be greater  than 539 (290+/-30 
for local ISM Adande&Ziurys 2012 ApJ), based 
on the non-detection of  HC15N 1-0 

• H13CO+1-0 /HC18O+ 1-0  

• 16O/18O  ratio 270 
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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 
comparable to 1-0 lines 
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Arp 220: the nearest ULIRG 

3mm and 1mm lines 

Wang et al. 2016 MNRAS 
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Molecular gas in  Arp 220 

Sakamoto et al. 2008 ApJ CO 3-2 with SMA 



Detected Isotopic lines in Arp 220 

Wang et al. 2016 MNRAS 
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H13CO+ v.s. SiO  

SiO ! 
 

 H13CO+  

SiO 
(1-0 and 3-2) 



Optical depth of dense gas tracers and 
excitation  in Arp220 

• Difference line profile:H13CN 1-0 and HCN 1-0 

• H13CN/HCN ratio much larger than that in NGC 
1068: mainly due to optical depth or 13C/12C 
ratio? 

• H13CN 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  
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Prospects and Proposals 

• 3-2 lines: HCN and H13CN with JCMT and ARO SMT 
toward nearby infrared bright galaxies to 
determine  optical depth of HCN  3-2, APEX is 
another choice  

• 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?) 
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Dense gas in nearby galaxies with TianMa 
telescpe 

• CS 1-0 at Q band 

• HC3N 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  
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