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Atomic hydrogen (HI) fuels star formation

Saintonge & Catinella 2022



HI gas is correlated with galaxy optical properties

Catinella et al 2018

These HI scaling relations can be used to estimate 
the HI mass of galaxies ( HI estimator )

a new HI estimator that can 
give unbiased prediction of 
HI gas content to the general 
galaxy population 
( Li et al 2022, ApJ, 941, 48 )
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Not all galaxies tightly follow the average HI scaling relations
HI-rich but low-SFR galaxiesHI-excess star-forming galaxies

Geréb et al 2017 contours represent an SDSS volume-limited sample, of which each galaxy 
is assigned an HI mass using the HI estimator in Li et al 2022, ApJ, 941, 48
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Select fully quenched but HI-rich galaxies based on the  vs  diagramlog MHI/M* NUV − r

• 49 red but HI-rich galaxies (RR)


• 154 red and HI-normal galaxies (control) with the same stellar mass distribution as RR

X. Li, C. Li, et al 2023, to be submittedcontours represent an SDSS volume-limited sample, of which each galaxy 
is assigned an HI mass using the HI estimator in Li et al 2022, ApJ, 941, 48



RR galaxies are very rare and unique

95%

X. Li, C. Li, et al 2023, to be submittedcontours represent an SDSS volume-limited sample, of which each galaxy 
is assigned an HI mass using the HI estimator in Li et al 2022, ApJ, 941, 48



RR galaxies have similar optical properties as control galaxies

X. Li, C. Li, et al 2023, to be submitted

We checked enormous galaxy 
properties:

• star formation rate 
•  break 

• Petrosian 90% radius  

• concentration  

• stellar surface mass density  
• central stellar velocity 

dispersion  
• bulge-to-total ratio  
• morphology T-Type 
• color gradient  
• probability of being a merger 
• probability of having a bar
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RR galaxies tend to locate in lower density environments

overdensity data are taken from ELUCID simulation (Wang et al 2014)

X. Li, C. Li, et al 2023, to be submitted



The projected cross-correlation function of RR is lower than the control sample

X. Li, C. Li, et al 2023, to be submitted

Especially at intermediate scale 
 (0.1 ∼ 1 h−1Mpc)

higher central fraction of RR sample

rlim = 17.77



The projected cross-correlation function of RR is lower than the control sample

X. Li, C. Li, et al 2023, to be submitted

Especially at intermediate scale 
 (0.1 ∼ 1 h−1Mpc)

higher central fraction of RR sample

rlim = 17.77

RR:           90% ± 18 %
control:    64% ± 8 %

SDSS group catalog 
Yang et al. 2007



rlim = 21

The neighbour counts of RR galaxies is less than the control sample

X. Li, C. Li, et al 2023, to be submitted



The HI-to-optical radius ratio
RR galaxies have HI disk radius much larger than the optical radius
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20% of RR galaxies show faint extended structures in their optical images

Images taken from https://www.legacysurvey.org



Summary

• Quenched but HI-rich (RR) galaxies do exist. They are rare and unique.


• RR galaxies have very similar optical properties as control galaxies. The main differences 
are that they have a very high central fraction (~90%) and tend to locate in lower density 
environment compared to control galaxies.


• The HI radius of RR galaxies is about 4 times of their optical radius on average


• 20% of RR galaxies show faint extended structures, implying an extended rotating HI 
disk
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20% of RR galaxies show faint extended structures in their optical images

Images taken from https://www.legacysurvey.org


