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Do the properties of the cool CGM depend  
on the galaxy properties?

SDSS

Is there cool gas around both types of galaxies?
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Millions of photometric galaxies
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Focus on ~3,000 absorbers at z~0.5
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SDSS galaxies (<200 kpc) around 3,000 absorbers at z~0.5
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~2,000 galaxy-absorber pairs statistically.  

The color distribution of galaxies associated with absorbers

<200 kpcAll absorbers
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The color distribution of galaxies associated with absorbers
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Cool gas is around both  
star-forming and passive galaxies.
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1 2 3

0.00

0.02

0.04

0.06

0.08

1 2 3 1 2 3

1 2 3

0.00

0.02

0.04

0.06

0.08

1 2 3 1 2 3

 m
ea

n 
nu

m
be

r 
of

  
as

so
ci

at
ed

 g
al

ax
ie

s 

strong absorbers W>1 Å

g-i [mag]

r~30 kpc ~80 kpc ~150 kpc



10 100 500
rp [kpc]

10�2

10�1

100

M
g

II
co

ve
ri

ng
fr

ac
ti

on
f c

W MgII
0 > 1.0 Å
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~10x higher around star-forming galaxies  
than around passive ones.
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Cool gas around galaxies
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Excess absorption  
around star-forming galaxies within 50 kpc.

Cool gas is around both  
star-forming galaxies and passive galaxies.



The mean absorption as a function of galaxy properties

The scaling relations between absorption and galaxy properties
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The cool circumgalactic gas (r~50 kpc) knows about  
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Signatures of gas flows in the circumgalactic medium

accretion

outflows
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Cool gas around galaxies

Star-forming galaxies Passive galaxies

Excess absorption  
around star-forming galaxies within 50 kpc.



Cool gas around galaxies

Star-forming galaxies Passive galaxies

Excess absorption  
around star-forming galaxies within 50 kpc.



OVI ~105.5 K 

galaxy systemic velocities indicates a close phys-
ical and/or gravitational association.

CGM gas as traced by O VI reflects the un-
derlying bimodality of the general galaxy popu-
lation (12, 23). We found a correlation of NOVI

with specific star formation rate sSFR (≡SFR/M*)
(Fig. 3). For the 30 galaxies with sSFR ≥ 10−11

year−1, there were 27 detections with a typical
column density log NOVI = 14.5 (24) and a
high covering fraction fhit ≈ 0.8 to 1 maintained
all the way out to R = 150 kpc (Fig. 2). For the
12 galaxies in the passive subsample (sSFR ≤
10−11 year−1), there were only four detections with
lower typical NOVI than the star-forming sub-
sample (25). Accounting for the upper limits in
NOVI and sSFR, we can reject the null hypothesis
that there is no correlation between NOVI and
sSFR at >99.9% confidence for thewhole sample
and >98% for each of the 50-kpc annuli shown in
Fig. 1 (21). This effect remained even when we
controlled for stellar mass: AKolmogorov-Smirnov
test over log M* > 10.5, where the star-forming

and passive subsamples overlap, rejects at >99%
confidence the null hypothesis that they draw
from the same parent distribution of NOVI (fig.
S2). We therefore conclude that the basic dichot-
omy between star-forming (“blue-cloud”) and
passive (“red-sequence”) galaxies is strongly re-
flected in their gaseous halos, and that the CGM
out to at least 150 kpc either directly influences or
is directly affected by star formation.

O VI is a fragile ionization state that never
exceeds a fraction fOVI = 0.2 of the total oxygen
for the physical conditions of halo gas and is
frequently much less abundant (Fig. 4). Our ob-
servations imply a typical CGM oxygen mass
MO, for star-forming galaxies, of

MO ¼ 5pR2〈NOVI〉mO fhit
0:2
fOVI

! "

¼ 1:2" 107
0:2
fOVI

! "
M⊙ ð1Þ

where we have taken a typical mean column
density 〈NOVI〉= 1014.5 cm−2 andR = 150 kpc, and

the hit rate correction fhit computed separately
in three 50-kpc annuli (Figs. 1 and 2). This mass
of oxygen is strictly a lower limit because we
have scaled to the maximum fOVI = 0.2 (Fig. 4).
The corresponding total mass of circumgalactic
gas is

Mgas ¼ 177
Z⊙
Z

! "
MO

¼ 2" 109
Z⊙
Z

! "
0:2
fOVI

! "
M⊙ ð2Þ

where Z is the gas metallicity, and the solar
oxygen abundance is nO/nH = 5 × 10−4 (26).

Even for the most conservative ionization cor-
rection ( fOVI = 0.2), the OVI-traced CGM con-
tains a mass of metals and gas that is substantial
relative to other reservoirs of interstellar and cir-
cumgalactic gas. If our sample galaxies lie on the
mean trend of gas fraction for low-z galaxies
(27), they have interstellar medium (ISM) gas
masses of MISM = 5 × 109 to 10 × 109 M◉ and
contain M O

ISM = 2 × 107 to 10 × 107 M◉ of

A B

log (Mhalo/M  )Impact parameter [kpc]

Fig. 2. O VI association with galaxies. (A) O VI column density, NOVI, versus R
for the star-forming (blue) and passive (red) subsamples. Solid and open
symbols mark O VI detections and 3s upper limits, respectively. The
detections in the star-forming galaxies maintain log NOVI ≈ 14.5 to R ≈
150 kpc, the outer limit of our survey. (B) Component centroid velocities with

respect to galaxy systemic redshift for O VI detections, versus inferred dark-
matter halo mass. The range bars mark the full range of O VI absorption for
each system. The inset shows a histogram of the component velocities. The
dashed lines mark the mass-dependent escape velocity at R = 50, 100, and
150 kpc from outside to inside.

Fig. 3. O VI correlation
with galaxy properties.
(A) O VI column density
versus sSFR (≡ M*/SFR).
Star-forming galaxies
are divided frompassive-
ly evolving galaxies by
sSFR ≈ 10−11 year−1; our
detection limit is sSFR ≈
5× 10−12 year−1. (B) The
galaxy color-magnitude
diagram (sSFR versusM*)
for SDSS+GALEX galaxies
from (23).
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FIG. 5.— Top Panels: Dependence of C IV rest frame equivalent width on the sSFR of the host galaxies within Rvir≤ 0.5 from the COS-Dwarfs survey
(left panel). The right panel shows the same after including the data from COS-Halos (tagged with open circles) and, Borthakur et al. (2013) (green points).
The star-forming (blue squares) and passive (red diamonds) galaxies show distinctly different C IV detection rates. The filled symbols represent detected
CIV 1548 absorption and the open symbols with arrows are 2σ upper limits on non-detections. Bottom Panels: Same as the top panels, now in terms of
AOD column densities. The open symbols with downward arrows are 2σ upper limits on non-detections and the filled symbols with upward arrows are lower
limits on column densities.

of 13 km s−1 and a standard deviation of 50 kms−1. There
is one exception, with one system being at ≈ 350 km s−1
from its host galaxy. However, statistically most of the de-
tected C IV absorption are closely associated with the galax-
ies in velocity space. This is perhaps not surprising, since we
are selecting lines of sight very close to the foreground galax-
ies. But there is no observational reason or systematic error
or selection effect that prevent us from more commonly de-
tecting strong C IV absorption at high velocities relative to the
systemic redshift of the associated galaxies.
Figure 6 also compares these velocities with the escape ve-

locities of the halos in which they reside. We convert the stel-
lar masses of the galaxies to the total dark matter halo mass
by using the method described in Moster et al. (2010). We
assume a spherically symmetric NFW profile (with concen-
tration parameter, c=15) and calculate the escape velocity as a
function of halo mass at three different radii (R = 50, 100, 150
kpc respectively). In Figure 6 these mass-dependent escape
velocities are shown as dashed lines. We see that little of the
fitted absorption velocity centroids exceed the estimated es-

cape velocities of these galaxies. Some of the velocity ranges
are comparable to the escape velocities (range bars) but that
can be attributed to the line wings. We conclude that most of
the detected C IV absorption is consistent with being bound to
the dark matter halos of their host galaxies.
There is always the chance that these galaxies have as-

sociated C IV absorption at higher relative velocities that re-
mains unseen because it is below our detection limits. We can
roughly estimate that any such high velocity absorption com-
ponents should have a factor of ≈ 5-10 lower column den-
sities than the typical detected absorption (Figure 2, bottom
panels), since the detections typically have column densities
that are 5-10 times above the detection limits.

5. MINIMUM MASS OF CGM CARBON

One of the striking findings of the COS-Halos survey
was that around L∗ galaxies, there is about as much oxy-
gen (proxied by O VI ) as found in the ISM of those galax-
ies (Tumlinson et al. 2011b). Analysis of the lower ioniza-
tion transitions further showed the presence of a large reser-
voir of metals and gas in the cool CGM (conservatively,

CIV ~105 K 
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The dichotomy of galaxy types in the CGM 



How large imaging surveys can help before PFS?
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Connecting the CGM and galaxy properties with large surveys

—  HSC r<26
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Probing galaxies and CGM relation  
through cosmic time!



Do the properties of the cool CGM depend  
on the galaxy properties?

Is there cool gas around both types of galaxies?

Yes, there is cool gas  
around all galaxies.
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Scaling relations  
between gas and galaxies.
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