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All feedback mechanisms require interaction with the CGM!
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modelled SED
observed quasar spectrum

Detecting metal absorbers in SDSS quasar spectra

Zhu & Ménard 2013
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millions of photometric galaxiesMetal absorbers 

h�MgII · �Ngali

Probing the associated galaxies with a statistical approach
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SDSS galaxies (<200 kpc) around 3,000 absorbers at z~0.5
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Probing the associated galaxies with a statistical approach

randomly-distributed 
background galaxies  

+  
galaxies associated with MgII

randomly-distributed 
background galaxies  

Lan, Ménard & Zhu (2014)
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Probing the associated galaxies with a statistical approach
SDSS galaxies (<200 kpc) around 3,000 absorbers at z~0.5

No need for galaxy redshifts 

Extracting information based on a sample with 
size 100 times larger than previous samples.
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See also  Chen et al (2010),  
Huang et al. (2015), Nielsen et al. (2013) 

~10x higher around star-forming galaxies  
than around passive ones.
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Lan, Ménard & Zhu (2014)
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Redshift evolution of gas profiles

Lan (2020)

Star-forming galaxies

Gas distribtuon evolves similarly with  
the star-formation activity through cosmic time. 



~200,000 emission line galaxies (ELGs)

Zhu and eBOSS 2015



12,000 Emission Line Galaxies from eBOSS (Pilot Data)

Zhu and eBOSS 2015

~200,000 emission line galaxies 



~1,000,000 luminous red galaxies 

Zhu and Ménard
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Gas kinematics 

ELGs ~100 km/s

LRGs ~170 km/s

Lan and Mo (2018)

Mh~1013.5 M⦿

Mh~1012 M⦿
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SDSS

Correlations between  
the properties of galaxies and the CGM

Metal content of the CGM

Three signatures of Feedback in the CGM

Gas distribution and kinematics correlate with star-formation

Spatial distribution of the CGM
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See also Bordoloi et al. 2011, Kacprak et al. 2011,  
Bouche et al. 2012, Lan et al. 2014

Lan & Mo (2018)
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SDSS

Correlations between  
the properties of galaxies and the CGM

Metal content of the CGM

Three signatures of Feedback in the CGM

Stronger absorption along the minor axis of  
star-forming galaxies

Gas distribution and kinematics correlate with star-formation

Spatial distribution of the CGM



Zhu & Ménard 2013



Metal composite spectrum
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(HI, ZnII)

�1.0 �0.5 0.0
�0.8

�0.6

�0.4

�0.2

0.0

0.2

0.4

[Z
/H

]

z = 0.9
W�2796 > 0.8Å
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Damped Lyman alpha systems (Neeleman et al.)
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Three signatures of Feedback in the CGM

Correlations between  
the properties of galaxies and  

the CGM

Spatial distribution of  
the CGM

Metal content of the CGM
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