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What drives cosmic SFR evolution?  

How does it start?  
metal-free/metal-poor primordial gas. 



• Current facilities are limited in the abilities to 
probing star formation and ISM in the early 
Universe!

• Using nearby extremely metal poor galaxies
as local laboratories.



Outline

• Star formation efficiency at extremely 
low metallicity.

• Molecular gas at extremely low 
metallicity.



1. Star formation at low metallicity
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2. 观测
Molecular gasg

Atomic 
gas

HI 21 cm 
lines
HI 21 cm 
lines

Carbon 
Monoxide
Carbon 
Monoxide

CO is a poor tracer of H2 in metal poor galaxies:

faint and unknown CO-to-H2 factor.
 Employ dust to trace the cold gas content, 
with gas-to-dust ratio. 
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Blue: HI gas,    Green: Far‐UV,    RED: 70+250 um
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1. Star formation at low metallicity
Sample (PI: Y. Shi) 



Spatially Resolved Dust Map!

Diffuse Region! Star Forming Regions!

GDR=total‐gas(=HI‐gas‐
mass)/dust‐mass

GDR x Dust‐Mass=Total 
Gas Mass
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Shi et al. 2014 Nature



3.结果与讨论。
Material fuels for star formation at extremely 
low metallicity?

H2 vs HI
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3.结果与讨论。
A much higher molecular gas fraction is seen 
than models’ predictions (Shi et al. 2014 Nature). 
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LCO x αCO = H2 mass

CO offers a direct evidence for the existence 
of cold molecular gas in which star formation 
takes place.
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Elmegreen et al. 2013 Nature, 495, 487

WLM (13% Zsun)

Rubio, Elmegreen et al. 2015 Nature, 525, 219

WLM

SMC at 20%Zsun

No CO has been seen < 10% Solar, arising questions if
star forms in molecular gas or just in atomic gas.
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• Leroy +2007                PdBI Failed
• Schruba+2012            IRAM 30m                                    Failed
• Warren+2015               CARMA                                         Failed
• Amorin+2016              IRAM 30m                                     Failed
• ALMA archive             ALMA (Sextans A, 10 mins)         Failed
• ALMA archive             ALMA  (Sextans A, 1 hrs) Failed
• Hunt et al. 2015            ALMA  (SBS 0335, 2.6 hrs)          Failed
• Cormier et al. 2017      ALMA  (SBS 0335, 2.7 hrs)           Failed
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IRAM 30m, Spain, 2014/08Sextans A: 7% Solar metallicity
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Shi et al.2015 ApJL
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IRAM 30m, Spain, 2016/03 DDO 70: 7% Solar metallicity
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Bolatto et al. 2013 ARAA
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(open‐time, grade A)
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Rubio, Elmegreen et al. 2015 Nature

Larson’s Law

To test at sub-pc scale, if star-forming clouds 
at very low metallicity are different or the 
same as those in the Milky Way.
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What drives cosmic SFR evolution?

How does it start?  metal-free/metal-poor 
primordial gas. 

(1) Decreased SFR/gas-mass in very metal-poor gas. 
(2) Existence of molecular gas at very low metallicity.


