
Probing the Co-Evolution of Galaxies and the CGM 
 with Large Surveys

Ting-Wen Lan 藍鼎⽂ 
Kavli Fellow 

with 

Masataka Fukugita Brice Ménard Houjun Mo Guangtun Zhu 



SDSS

The dichotomy of galaxy types

Star-forming galaxies Passive galaxies



Circumgalactic medium (CGM)

Inflows

Outflows



The Circumgalactic Medium (CGM)

Inflows

Outflows



1969
Bahcall & Spitzer

John Bahcall Lyman Spitzer



1986
Jacqueline Bergeron

Jacqueline Bergeron

1 
galaxy-absorber pair



Steidel et al. (1997)

Searching for galaxy - absorber pairs 

Galaxies with absorbers
Interlopers



200 2013

50 1995-2010

1986 1 Bergeron

Steidel et al. 
Churchill et al. 
Chen et al. 

Nielsen et al. 

Steidel et al. (1997)

Searching for galaxy - absorber pairs 



Is the dichotomy of galaxy types  
reflected in the CGM?

SDSS

Key questions

Is the evolution of galaxies reflected in the CGM?
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Detecting MgII absorbers in SDSS quasar spectra
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~80,000 absorbers



millions of photometric galaxiesMetal absorbers 

h�MgII · �Ngali

Probing the associated galaxies with a statistical approach

SDSS photometric galaxies
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~10x higher around star-forming galaxies  
than around passive ones.
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Is the dichotomy of galaxy types  
reflected in the CGM?

SDSS

Key questions

Is the evolution of galaxies reflected in the CGM?

Yes, cool gas is more abundant around 
star-forming galaxies than around passive galaxies. 



Evolution of the SFR of galaxies

Whitaker et al. (2012) 
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Probing the associated galaxies with a statistical approach

SDSS photometric galaxies



millions of photometric galaxiesMetal absorbers 
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Probing the associated galaxies with a statistical approach

DESI Legacy Imaging Surveys
2 magnitudes deeper than SDSS

Dey et al. (2019)



0.5 1.0 1.5
Redshift

0.1

0.5

1.0
hN

M
gI

I
ga

l
(r

p
<

20
0

kp
c)

i

SDSS z<20.7

0.5 1.0 1.5
Redshift

0.1

0.5

1.0
hN

M
gI

I
ga

l
(r

p
<

20
0

kp
c)

i
The DESI Legacy
Imaging Surveys z<22.5

SDSS z<20.7

Number of associated galaxies as a function of redshift

~15,000 pairs statistically

Lan ApJ submitted  
arxiv:1911.01271
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Å

)

9.0 < log M⇤/M� < 9.5

50 100 400
rp [kpc]

0.001

0.01

0.1

1.0
C

ov
er

in
g

fr
ac

ti
on

f c
(W

�
27

96
>

1
Å
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Gas mass in the CGM evolves consistently  
with the SFR of galaxies.
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Excess gas mass vs SFR
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The cosmic evolution of SFR of galaxies is  
reflected in the properties of the CGM.
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Is the dichotomy of  
galaxy types  

reflected in the CGM?

Key questions

Is the evolution of galaxies 
 reflected in the CGM?
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