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• Массивные галактики: сочетание горячего обеднённого 
газа короны  с обогащённым горячим галактическим 
ветром.  Присутствие холодного газа (~104К) в гало Е-
галактик обнаружено, но происхождение – вопрос 
открытый. 

• Local 21 cm and CO surveys of elliptical galaxies have also 
uncovered cold atomic and/or molecular gas in > 30% of 
nearby ellipticals (e.g., Oosterloo et al. 2010; Serra et al. 
2012; Young et al. 2014). Together, these independent 
studies show that cool gas outlasts star formation in 
massive quiescent halos over an extended cosmic time 
period.  

• No starbursts or AGNs!  



• Cosmic Origins Spectrograph (COS) on board the Hubble Space 
Telescope (HST). The spectral coverage of COS enables 
observations of the full H I Lyman series transitions and metal 
absorption features that probe halo gas under different ionization 
conditions, including C III λ 977, O VI λλ 1031, 1037, Si III λ 1206, 
and Si II λ 1260. 

• Выборка: 16 красных галактик с Mstar > 1011Mc, z = 0.21 − 0.55 
без признаков звездообразования. We search for corresponding 
absorption features in the spectrum of the background QSO over a 
line-of-sight velocity interval of ±500 km s−1 from the systemic 
redshift of the LRG 

• The primary goals of the program are (1) to obtain accurate and 
precise measurements of neutral hydrogen column density N(H I) 
based on observations of the full hydrogen Lyman series and (2) to 
constrain the ionization state and chemical enrichment in massive 
quiescent halo.  

 



В 13 из 16 галактик найдены Lyman absorption 
series.  

 



 



Результаты 

• <log N(H I)> = 16.6 at d < ∼ 160 kpc (~1/3Rvir). 
• The line-of-sight velocity separations between 

the HI absorbing gas and LRGs are characterized 
by a mean and dispersion of <vgas–Vgal> = 29 km s-
1 and <gas-gal> = 171 km s-1. 

• Doppler bHI<20 km s-1, indicating a relatively 
cool gas temperature of T <3 104 K. 

• A detailed ionization analysis is presented 
in a subsequent paper (Zahedy et al. 2018, in 
preparation). 


