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The ubiquity of  
(small-scale) cold gas in the CGM

Lan et al. (2017)
also: 
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Lau et al. (2015) 

Crighton et al. (2015) 
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d ~ NHI / nHI ≲100pc

Generally: Large fA, small fV.

+ kinematic information, neighbouring quasar nightlines, …
e.g., Rauch et al. (1999)

Prochaska et al. 
(2017)

e.g., Churchill et al.(2003)



Lya cares!

optically thicker medium

absolute frequency offset 

Adams (1972)

…about the amount of HI. …it’s structure.

Why should we care…?

MG et al. (2017)

…, & its kinematics.
e.g., Bonilha et al. (1979), Verhamme et al. (2006, 2008), 

Dijkstra et al. (2006a,b, 2009, 2012), …
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aller clouds



LyC cares!
Why should we care…?

…about the amount of HI. …it’s structure.
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Veilleux et al. (2005)

Hα 
X-ray 
UV

the best method for studying the gaseous halos of star-forming
galaxies.

4. CORRELATION ANALYSIS

We shall now move on to a more quantitative comparison of
the properties of the diffuse X-ray with other properties of host
galaxies. For convenience, definitions of the data values we
use (from both Paper I and this paper), the table numbers from
which they were extracted, and the figures in which they are
used are given in Table 3. In Paper I we considered the thermal

emission from the nuclear region and the disk exterior to the
nucleus separately. In this paper we combine the X-ray lu-
minosities of the nucleus (LX ;nucl) and the disk (LX;disk) to give
a total X-ray luminosity LX ;diskþnucl from hot gas with zj j <
2 kpc of the plane of the galaxy. For convenience we refer
to this combination of Paper I’s disk and nuclear regions as the
disk in the rest of this paper. Halo region (i.e., zj j > 2 kpc)
luminosities are used as published in Paper I.

Given the very significant absorption of the diffuse emission
from NGC 4945 by the high Galactic foreground hydrogen, the

Fig. 1.—False-color composite images of the central 5 kpc by 5 kpc of (a) M82, (b) NGC 1482, (c) NGC 253, (d) NGC 3628, (e) NGC 3079, ( f ) NGC 4945,
(g) NGC 4631, (h) NGC 891, and (i) NGC 6503. H! emission is shown in red, optical R band in green, and 0.3–2.0 keVenergy band soft X-ray emission in blue. The
X-ray emission is the point-source–subtracted diffuse emission that has been adaptively smoothed to achieve a local signal-to-noise ratio of 3, which tends to
oversmooth structure in the X-ray emission. All images are shown on a square root intensity scale. In contrast to Figs. 2–13 presented in Paper I, the same absolute
intensity is not used, in order to show some of the fainter emission features. The galaxies are shown in order of (approximately) decreasing SF rate per unit area.
Note the close spatial similarities between the minor-axis–oriented H! emission and the diffuse X-ray emission, in particular the limb-brightened outflow cones in
NGC 1482, NGC 253, NGC 3079, and NGC 4945.
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Strickland et al. (2004)

1. How does cold gas get into the CGM? 
2. Why does it move? 
3. How does it affect Lyα / LyC escape?

Why does it move?

Trainor et al. 
(2015)

also:  
Kunth et al. (1998), 
Steidel et al. (2000), 
Erb et al. (2014), …
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(ATHENA 3D simulations)

Cold gas survival (in a hot wind)

Problem:               ! How does the cold gas survive? tdrag ≫ tcc



Schneider & Robertson (2017)
Scannapieco & Brüggen (2015)

Also:
Klein+94 

Mellema+02 
Pittard+05,10 
Cooper+09 
McCourt+15 
Armillota+17 

…

Problem:               ! How does the cold gas survive? tdrag ≫ tcc

Cold gas survival (in a hot wind)



(I) Mixing is your foe –  
but also your friend

nwind

ncl

Tcl

Twind
Begelman & Fabian (1990)

) t
cool,mix

⇠ 10t
cool,cl

�

100

⇤(T
mix

)/⇤(T
cl

)

0.1

Require: t
cool,mix

< t
cc

T
cl,4 ⌘(T

cl

/104 K)

P
3

⌘nT/(103 cm�3 K)

⇤
mix,�21.4 ⌘⇤(T

mix

)/(10�21.4 erg cm3 s�1)

r
cl

> r
cl,crit ⌘

v
wind

t
cool,mix

�1/2
⇡ 2 pc

T 5/2
cl,4Mwind

P
3

⇤
mix,�21.4

�

100
<latexit sha1_base64="D5mx6lFYVnKsF9gqv6WJ+DI0TFw="></latexit><latexit sha1_base64="9b1DuPPo/c8Y3cypufTFTPUU37E="></latexit><latexit sha1_base64="9b1DuPPo/c8Y3cypufTFTPUU37E="></latexit><latexit sha1_base64="W+OpGdaInHGCSFI4o87VGUhvICo="></latexit>

MG & Oh (2018)

T
mix

⇠
p

T
wind

T
cl

<latexit sha1_base64="L/5xEnJi/X1TGWIE56qP2xUhZzA="></latexit><latexit sha1_base64="wL7c7PP0mmTLEdkQfOLgPgoKlzg="></latexit><latexit sha1_base64="wL7c7PP0mmTLEdkQfOLgPgoKlzg="></latexit><latexit sha1_base64="u3k83MfwPk+8hEP0wgys1f3DMl4="></latexit>

n
mix

⇠
p
n
wind

n
cl

<latexit sha1_base64="etWDo7X2TcibKjddei2t54+gX1A="></latexit><latexit sha1_base64="7BAO9o4e3M9+GZIJTqY0hL1yzTw="></latexit><latexit sha1_base64="7BAO9o4e3M9+GZIJTqY0hL1yzTw="></latexit><latexit sha1_base64="jZVEF9r0iGtP1B3bjbixjzUK+6o="></latexit>

Turbulent mixing layer
(cf. Ji & Oh, in prep.)



(rcl > rcl,crit)
<latexit sha1_base64="rxgi8CMiWjrp74PPqXmd39Tg09Q=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHIxCBAm7NlpJ0MYygnlAsiyzk9lkyOyDmVkhLFva+Cs2Fj6wEz/Bzg+xd/JANPHAwJlz7uVyjhdzJpVlfRq5ufmFxaX8cmFldW19w9zcqssoEYTWSMQj0fSwpJyFtKaY4rQZC4oDj9OG178Y+o0bKiSLwms1iKkT4G7IfEaw0pJr7paEm7ZFgAjP0Bn6+RwhIpjKDl2zaJWtEdAssSekWNn/en4DgKprfrQ7EUkCGirCsZQt24qVk2KhGOE0K7QTSWNM+rhLW5qGOKDSSUdBMnSglQ7yI6FfqNBI/b2R4kDKQeDpyQCrnpz2huJ/XitR/qmTsjBOFA3J+JCfcKQiNGwFdZigRPGBJngYnBFEelhgonR3BV2CPR15ltSPy7ZVtq90G+cwRh52YA9KYMMJVOASqlADArdwD4/wZNwZD8aL8ToezRmTnW34A+P9G6Lem18=</latexit><latexit sha1_base64="AgFeRTpDVuFMz74iELUGWQ74HDU=">AAACCHicbVDLSsNAFJ3UV219RF26cLAKFaQkbnQlRTcuK9gHtCFMppN2cCYJM5NCCVm68VfcuPCBW/0Dd36Irp20RbT1wMCZc+7lco4XMSqVZX0Yubn5hcWl/HKhuLK6tm5ubDZkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6V2fZ35zQISkYXClhhFxOOoF1KcYKS255k5ZuElHcIhZCk/hz+cQYkFVeuCaJatijQBniT0hpere59PboPhVc833TjfEMSeBwgxJ2batSDkJEopiRtJCJ5YkQvga9Uhb0wBxIp1kFCSF+1rpQj8U+gUKjtTfGwniUg65pyc5Un057WXif147Vv6Jk9AgihUJ8PiQHzOoQpi1ArtUEKzYUBOUBacY4j4SCCvdXUGXYE9HniWNo4ptVexL3cYZGCMPtsEuKAMbHIMquAA1UAcY3IA78AAejVvj3ng2XsajOWOyswX+wHj9Bpt+nNk=</latexit><latexit sha1_base64="AgFeRTpDVuFMz74iELUGWQ74HDU=">AAACCHicbVDLSsNAFJ3UV219RF26cLAKFaQkbnQlRTcuK9gHtCFMppN2cCYJM5NCCVm68VfcuPCBW/0Dd36Irp20RbT1wMCZc+7lco4XMSqVZX0Yubn5hcWl/HKhuLK6tm5ubDZkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6V2fZ35zQISkYXClhhFxOOoF1KcYKS255k5ZuElHcIhZCk/hz+cQYkFVeuCaJatijQBniT0hpere59PboPhVc833TjfEMSeBwgxJ2batSDkJEopiRtJCJ5YkQvga9Uhb0wBxIp1kFCSF+1rpQj8U+gUKjtTfGwniUg65pyc5Un057WXif147Vv6Jk9AgihUJ8PiQHzOoQpi1ArtUEKzYUBOUBacY4j4SCCvdXUGXYE9HniWNo4ptVexL3cYZGCMPtsEuKAMbHIMquAA1UAcY3IA78AAejVvj3ng2XsajOWOyswX+wHj9Bpt+nNk=</latexit><latexit sha1_base64="MeGIFKe7p45Ui4k9aaHmT6+s9Uc=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZN7qSohuXFewD2mHIpJk2NMkMSUYowyzd+CtuXCji1k9w59+YaQfR1gOBk3Pu5XJOEDOqtON8WaWl5ZXVtfJ6ZWNza3vH3t1rqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBOMr3O/c0+kopG405OYeBwNBQ0pRtpIvn1Yk37alxxilsFL+PM5hVhSnZ34dtWpO1PAReIWpAoKNH37sz+IcMKJ0JghpXquE2svRVJTzEhW6SeKxAiP0ZD0DBWIE+Wl0yAZPDbKAIaRNE9oOFV/b6SIKzXhgZnkSI/UvJeL/3m9RIcXXkpFnGgi8OxQmDCoI5i3AgdUEqzZxBCUB6cY4hGSCGvTXcWU4M5HXiTts7rr1N1bp9q4KuoogwNwBGrABeegAW5AE7QABg/gCbyAV+vRerberPfZaMkqdvbBH1gf39humJA=</latexit>

(rcl < rcl,crit)
<latexit sha1_base64="nzM1aJxvJZ+PdGBQT4ZWDI02YPo=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHIxCBAm7NlpYBG0sI5gHJMsyO5lNhsw+mJkVwrKljb9iY+EDO/ET7PwQeycPRBMPDJw5514u53gxZ1JZ1qeRm5tfWFzKLxdWVtfWN8zNrbqMEkFojUQ8Ek0PS8pZSGuKKU6bsaA48DhteP2Lod+4oUKyKLxWg5g6Ae6GzGcEKy255m5JuGlbBIjwDJ2hn88RIoKp7NA1i1bZGgHNEntCipX9r+c3AKi65ke7E5EkoKEiHEvZsq1YOSkWihFOs0I7kTTGpI+7tKVpiAMqnXQUJEMHWukgPxL6hQqN1N8bKQ6kHASengyw6slpbyj+57US5Z86KQvjRNGQjA/5CUcqQsNWUIcJShQfaIKHwRlBpIcFJkp3V9Al2NORZ0n9uGxbZftKt3EOY+RhB/agBDacQAUuoQo1IHAL9/AIT8ad8WC8GK/j0Zwx2dmGPzDevwGfsptd</latexit><latexit sha1_base64="rvb/7bgA9vyK2g1K8OVRnp20jCk=">AAACCHicbVDLSsNAFJ3UV219RF26cLAKFaQkbnThoujGZQX7gDaEyXTSDs4kYWZSKCFLN/6KGxc+cKt/4M4P0bWTtoi2Hhg4c869XM7xIkalsqwPIzc3v7C4lF8uFFdW19bNjc2GDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3r88xvDoiQNAyu1DAiDke9gPoUI6Ul19wpCzfpCA4xS+Ep/PkcQiyoSg9cs2RVrBHgLLEnpFTd+3x6GxS/aq753umGOOYkUJghKdu2FSknQUJRzEha6MSSRAhfox5paxogTqSTjIKkcF8rXeiHQr9AwZH6eyNBXMoh9/QkR6ovp71M/M9rx8o/cRIaRLEiAR4f8mMGVQizVmCXCoIVG2qCsuAUQ9xHAmGluyvoEuzpyLOkcVSxrYp9qds4A2PkwTbYBWVgg2NQBRegBuoAgxtwBx7Ao3Fr3BvPxst4NGdMdrbAHxiv35hSnNc=</latexit><latexit sha1_base64="rvb/7bgA9vyK2g1K8OVRnp20jCk=">AAACCHicbVDLSsNAFJ3UV219RF26cLAKFaQkbnThoujGZQX7gDaEyXTSDs4kYWZSKCFLN/6KGxc+cKt/4M4P0bWTtoi2Hhg4c869XM7xIkalsqwPIzc3v7C4lF8uFFdW19bNjc2GDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3r88xvDoiQNAyu1DAiDke9gPoUI6Ul19wpCzfpCA4xS+Ep/PkcQiyoSg9cs2RVrBHgLLEnpFTd+3x6GxS/aq753umGOOYkUJghKdu2FSknQUJRzEha6MSSRAhfox5paxogTqSTjIKkcF8rXeiHQr9AwZH6eyNBXMoh9/QkR6ovp71M/M9rx8o/cRIaRLEiAR4f8mMGVQizVmCXCoIVG2qCsuAUQ9xHAmGluyvoEuzpyLOkcVSxrYp9qds4A2PkwTbYBWVgg2NQBRegBuoAgxtwBx7Ao3Fr3BvPxst4NGdMdrbAHxiv35hSnNc=</latexit><latexit sha1_base64="qRClkt3cbMP/4F/pegbZXjjIdJ8=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZN7pwUXTjsoJ9QDsMmTTThiaZIckIZZilG3/FjQtF3PoJ7vwbM+0g2nogcHLOvVzOCWJGlXacL6u0tLyyulZer2xsbm3v2Lt7bRUlEpMWjlgkuwFShFFBWppqRrqxJIgHjHSC8XXud+6JVDQSd3oSE4+joaAhxUgbybcPa9JP+5JDzDJ4CX8+pxBLqrMT3646dWcKuEjcglRBgaZvf/YHEU44ERozpFTPdWLtpUhqihnJKv1EkRjhMRqSnqECcaK8dBokg8dGGcAwkuYJDafq740UcaUmPDCTHOmRmvdy8T+vl+jwwkupiBNNBJ4dChMGdQTzVuCASoI1mxiC8uAUQzxCEmFtuquYEtz5yIukfVZ3nbp761QbV0UdZXAAjkANuOAcNMANaIIWwOABPIEX8Go9Ws/Wm/U+Gy1Zxc4++APr4xvVQpiO</latexit>
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Large enough clouds 
survive

Bonus: momentum transfer 
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➔mass growth



Large enough clouds  
survive and become comoving

Bonus: momentum transfer 

�v

vwind
! mcl

mcl +mnew

t
cool,mix
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cc

➔mass growth



Large enough clouds  
survive and become comoving

Works for different wind speeds, boundary 
conditions, cooling curves, cloud geometries…



(II) The action is in the tail.
� = 100

<latexit sha1_base64="PtXTd3OH3urHqNxAAY6C/4by5lU=">AAAB8XicbVDLSgNBEOz1GeMrxqOX0SB4CrNe9CIEBPEYwTwwWcLsZDYZMju7zPQKIeQTvHnxoIhX/8abf+PkcdDEgoaiqpvurjBV0iKl397K6tr6xmZuK7+9s7u3Xzgo1m2SGS5qPFGJaYbMCiW1qKFEJZqpESwOlWiEg+uJ33gUxspE3+MwFUHMelpGkjN00kOb9yW5Ij6lnUKJlukUZJn4c1KqHD8VKwBQ7RS+2t2EZ7HQyBWztuXTFIMRMyi5EuN8O7MiZXzAeqLlqGaxsMFoevGYnDqlS6LEuNJIpurviRGLrR3GoeuMGfbtojcR//NaGUaXwUjqNEOh+WxRlCmCCZm8T7rSCI5q6AjjRrpbCe8zwzi6kPIuBH/x5WVSPy/7tOzfuTRuYIYcHMEJnIEPF1CBW6hCDThoeIZXePOs9+K9ex+z1hVvPnMIf+B9/gAzMZC8</latexit><latexit sha1_base64="SGj7YMXLkO1OEwXbpKXWr0SOKEA=">AAAB8XicbVC7SgNBFL0bXzG+YixtxgTBKszaxEYJKGIZwTwwWcLsZDYZMju7zMwKYckn2NlYKGJh49/Y+TdOHoUmHrhwOOde7r3HjwXXBuNvJ7Oyura+kd3MbW3v7O7l9wsNHSWKsjqNRKRaPtFMcMnqhhvBWrFiJPQFa/rDy4nffGBK80jemVHMvJD0JQ84JcZK9x064OgcuRh38yVcxlOgZeLOSal69Fi4+ihe1Lr5r04voknIpKGCaN12cWy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOr14jI6t0kNBpGxJg6bq74mUhFqPQt92hsQM9KI3Ef/z2okJzryUyzgxTNLZoiARyERo8j7qccWoESNLCFXc3orogChCjQ0pZ0NwF19eJo3TsovL7q1N4xpmyMIhFOEEXKhAFW6gBnWgIOEJXuDV0c6z8+a8z1ozznzmAP7A+fwBlwyRxg==</latexit><latexit sha1_base64="SGj7YMXLkO1OEwXbpKXWr0SOKEA=">AAAB8XicbVC7SgNBFL0bXzG+YixtxgTBKszaxEYJKGIZwTwwWcLsZDYZMju7zMwKYckn2NlYKGJh49/Y+TdOHoUmHrhwOOde7r3HjwXXBuNvJ7Oyura+kd3MbW3v7O7l9wsNHSWKsjqNRKRaPtFMcMnqhhvBWrFiJPQFa/rDy4nffGBK80jemVHMvJD0JQ84JcZK9x064OgcuRh38yVcxlOgZeLOSal69Fi4+ihe1Lr5r04voknIpKGCaN12cWy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOr14jI6t0kNBpGxJg6bq74mUhFqPQt92hsQM9KI3Ef/z2okJzryUyzgxTNLZoiARyERo8j7qccWoESNLCFXc3orogChCjQ0pZ0NwF19eJo3TsovL7q1N4xpmyMIhFOEEXKhAFW6gBnWgIOEJXuDV0c6z8+a8z1ozznzmAP7A+fwBlwyRxg==</latexit><latexit sha1_base64="ggjtYWxBsFcWBGIkw9D9vMSSmDo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcx60YsQEMRjBPPAZAmzk9lkyOzsMtMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuClMlLVL67RXW1jc2t4rbpZ3dvf2D8uFR0yaZ4aLBE5WYdsisUFKLBkpUop0aweJQiVY4upn5rSdhrEz0A45TEcRsoGUkOUMnPXb5UJJr4lPaK1dolc5BVomfkwrkqPfKX91+wrNYaOSKWdvxaYrBhBmUXIlpqZtZkTI+YgPRcVSzWNhgMr94Ss6c0idRYlxpJHP198SExdaO49B1xgyHdtmbif95nQyjq2AidZqh0HyxKMoUwYTM3id9aQRHNXaEcSPdrYQPmWEcXUglF4K//PIqaV5UfVr172mldpvHUYQTOIVz8OESanAHdWgABw3P8ApvnvVevHfvY9Fa8PKZY/gD7/MHgoSPfA==</latexit>

� = 1000
<latexit sha1_base64="hJiSfqnKq/2adZQAckxgsVHVhZA=">AAAB8nicbVDLSgMxFL1TX7W+al26iRbBVcm40Y1QEMRlBfuA6VAyaaYNzSRDkhHK0E9w6caFIm79Gnf+jeljoa0HLhzOuZd774lSwY3F+NsrrK1vbG4Vt0s7u3v7B+XDSsuoTFPWpEoo3YmIYYJL1rTcCtZJNSNJJFg7Gt1M/fYj04Yr+WDHKQsTMpA85pRYJwVdOuToGvkY4165imt4BrRK/AWp1k+eKnUAaPTKX92+olnCpKWCGBP4OLVhTrTlVLBJqZsZlhI6IgMWOCpJwkyYz06eoDOn9FGstCtp0Uz9PZGTxJhxErnOhNihWfam4n9ekNn4Ksy5TDPLJJ0vijOBrELT/1Gfa0atGDtCqObuVkSHRBNqXUolF4K//PIqaV3UfFzz710atzBHEY7hFM7Bh0uowx00oAkUFDzDK7x51nvx3r2PeWvBW8wcwR94nz+jhZD2</latexit><latexit sha1_base64="at7TVM95CQAuBbwKuH0rzy9YRVw=">AAAB8nicbVDLSgNBEJyNrxhfMR69jAmCpzDrRS9KQBGPEcwDNkuYncwmQ2Z3lpleISz5BI9ePCgiePJrvPk3Th4HTSxoKKq66e4KEikMEPLt5FZW19Y38puFre2d3b3ifqlpVKoZbzAllW4H1HApYt4AAZK3E81pFEjeCoZXE7/1wLURKr6HUcL9iPZjEQpGwUpehw0EvsAuIaRbrJAqmQIvE3dOKrWjx9L1R/my3i1+dXqKpRGPgUlqjOeSBPyMahBM8nGhkxqeUDakfe5ZGtOIGz+bnjzGx1bp4VBpWzHgqfp7IqORMaMosJ0RhYFZ9Cbif56XQnjuZyJOUuAxmy0KU4lB4cn/uCc0ZyBHllCmhb0VswHVlIFNqWBDcBdfXibN06pLqu6dTeMGzZBHh6iMTpCLzlAN3aI6aiCGFHpCL+jVAefZeXPeZ605Zz5zgP7A+fwBB2+SAA==</latexit><latexit sha1_base64="at7TVM95CQAuBbwKuH0rzy9YRVw=">AAAB8nicbVDLSgNBEJyNrxhfMR69jAmCpzDrRS9KQBGPEcwDNkuYncwmQ2Z3lpleISz5BI9ePCgiePJrvPk3Th4HTSxoKKq66e4KEikMEPLt5FZW19Y38puFre2d3b3ifqlpVKoZbzAllW4H1HApYt4AAZK3E81pFEjeCoZXE7/1wLURKr6HUcL9iPZjEQpGwUpehw0EvsAuIaRbrJAqmQIvE3dOKrWjx9L1R/my3i1+dXqKpRGPgUlqjOeSBPyMahBM8nGhkxqeUDakfe5ZGtOIGz+bnjzGx1bp4VBpWzHgqfp7IqORMaMosJ0RhYFZ9Cbif56XQnjuZyJOUuAxmy0KU4lB4cn/uCc0ZyBHllCmhb0VswHVlIFNqWBDcBdfXibN06pLqu6dTeMGzZBHh6iMTpCLzlAN3aI6aiCGFHpCL+jVAefZeXPeZ605Zz5zgP7A+fwBB2+SAA==</latexit><latexit sha1_base64="/ZMWdIXrVflhVxpp2Rpzha7Goiw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstBECglhGMDGQHGFvs5cs2bs9dueEcORn2FgoYuuvsfPfuEmu0MQHA4/3ZpiZF6ZKWqT02yutrW9sbpW3Kzu7e/sH1cOjttWZ4aLFtdKmEzIrlExECyUq0UmNYHGoxGM4vpn5j0/CWKmTB5ykIojZMJGR5Ayd1O3xkSTXxKeU9qs1WqdzkFXiF6QGBZr96ldvoHkWiwS5YtZ2fZpikDODkisxrfQyK1LGx2wouo4mLBY2yOcnT8mZUwYk0sZVgmSu/p7IWWztJA5dZ8xwZJe9mfif180wugpymaQZioQvFkWZIqjJ7H8ykEZwVBNHGDfS3Ur4iBnG0aVUcSH4yy+vkvZF3ad1/57WGrdFHGU4gVM4Bx8uoQF30IQWcNDwDK/w5qH34r17H4vWklfMHMMfeJ8/8tiPtg==</latexit>

Required box size: ~0.2 - 0.5 χ rcl

Cooling induced focussing.



(work in progress)

faster entrainment (➔ magnetic draping), similar growth  
but very different morphology!

�cl = �wind = 10
<latexit sha1_base64="K3zh9+7rPs0tk48REn8Cz695zjk=">AAACD3icjZDNS8MwGMbT+TXnV9Wjl+BQPI1WBL0IQy8eJ7gP2EpJ03QLS9OSvFVG2X/gxX/FiwdFvHr15n9juu0wRcEHAg+/531J8gSp4Boc59MqLSwuLa+UVytr6xubW/b2TksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLws8vYtU5on8gZGKfNi0pc84pSAQb592AsYED/vqRhTMcbneA7ccRkWyHV8u+rWnInw36aKZmr49kcvTGgWMwlUEK27rpOClxMFnAo2rvQyzVJCh6TPusZKEjPt5ZP/jPGBISGOEmWOBDyh8xs5ibUexYGZjAkM9M+sgL9l3QyiMy/nMs2ASTq9KMoEhgQX5eCQK0ZBjIwhVHHzVkwHRBEKpsLK/0poHddcp+Zen1TrF7M6ymgP7aMj5KJTVEdXqIGaiKJ79Iie0Yv1YD1Zr9bbdLRkzXZ20TdZ718J1Jta</latexit><latexit sha1_base64="K3zh9+7rPs0tk48REn8Cz695zjk=">AAACD3icjZDNS8MwGMbT+TXnV9Wjl+BQPI1WBL0IQy8eJ7gP2EpJ03QLS9OSvFVG2X/gxX/FiwdFvHr15n9juu0wRcEHAg+/531J8gSp4Boc59MqLSwuLa+UVytr6xubW/b2TksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLws8vYtU5on8gZGKfNi0pc84pSAQb592AsYED/vqRhTMcbneA7ccRkWyHV8u+rWnInw36aKZmr49kcvTGgWMwlUEK27rpOClxMFnAo2rvQyzVJCh6TPusZKEjPt5ZP/jPGBISGOEmWOBDyh8xs5ibUexYGZjAkM9M+sgL9l3QyiMy/nMs2ASTq9KMoEhgQX5eCQK0ZBjIwhVHHzVkwHRBEKpsLK/0poHddcp+Zen1TrF7M6ymgP7aMj5KJTVEdXqIGaiKJ79Iie0Yv1YD1Zr9bbdLRkzXZ20TdZ718J1Jta</latexit><latexit sha1_base64="K3zh9+7rPs0tk48REn8Cz695zjk=">AAACD3icjZDNS8MwGMbT+TXnV9Wjl+BQPI1WBL0IQy8eJ7gP2EpJ03QLS9OSvFVG2X/gxX/FiwdFvHr15n9juu0wRcEHAg+/531J8gSp4Boc59MqLSwuLa+UVytr6xubW/b2TksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLws8vYtU5on8gZGKfNi0pc84pSAQb592AsYED/vqRhTMcbneA7ccRkWyHV8u+rWnInw36aKZmr49kcvTGgWMwlUEK27rpOClxMFnAo2rvQyzVJCh6TPusZKEjPt5ZP/jPGBISGOEmWOBDyh8xs5ibUexYGZjAkM9M+sgL9l3QyiMy/nMs2ASTq9KMoEhgQX5eCQK0ZBjIwhVHHzVkwHRBEKpsLK/0poHddcp+Zen1TrF7M6ymgP7aMj5KJTVEdXqIGaiKJ79Iie0Yv1YD1Zr9bbdLRkzXZ20TdZ718J1Jta</latexit><latexit sha1_base64="K3zh9+7rPs0tk48REn8Cz695zjk=">AAACD3icjZDNS8MwGMbT+TXnV9Wjl+BQPI1WBL0IQy8eJ7gP2EpJ03QLS9OSvFVG2X/gxX/FiwdFvHr15n9juu0wRcEHAg+/531J8gSp4Boc59MqLSwuLa+UVytr6xubW/b2TksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLws8vYtU5on8gZGKfNi0pc84pSAQb592AsYED/vqRhTMcbneA7ccRkWyHV8u+rWnInw36aKZmr49kcvTGgWMwlUEK27rpOClxMFnAo2rvQyzVJCh6TPusZKEjPt5ZP/jPGBISGOEmWOBDyh8xs5ibUexYGZjAkM9M+sgL9l3QyiMy/nMs2ASTq9KMoEhgQX5eCQK0ZBjIwhVHHzVkwHRBEKpsLK/0poHddcp+Zen1TrF7M6ymgP7aMj5KJTVEdXqIGaiKJ79Iie0Yv1YD1Zr9bbdLRkzXZ20TdZ718J1Jta</latexit>

↳connection to observations (OVI!)

Also works with magnetic fields!What about magnetic fields?



↳not caused by shear 
but cooling!

Mass growth does not cease 
when cloud is entrained!

Significant mass growth
(work in progress)



Effect in galactic simulations?

1. How does cold gas get into the CGM?
Clouds with rcl > rcrit 
grow substantially  
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1. How does cold gas get into the CGM? 
2. Why does it move?  
 
 

3. How does it affect Lyα / LyC escape?3. How does it affect Lyα / LyC escape?

Clouds with 

grow & become entrained.
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↳ see Marius’ and other great 
talks this week! :)



Lyα and LyC care about cold gas in the CGM

(I) Mixing is your foe –         
 but also your friend.
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(II) The action is in the tail.

Cold gas in a hot wind 3

Figure 1. Left panel: Mass evolution for three di↵erent cloud densities (denoted by the linestyle). We show the mass contained in
dense gas (⇢ > ⇢cl/3). The color coding of the curves indicates tcool,mix/tcc. In the inset, we show how the overdensity � and the
cloud cooling time tcool,cl/tcc relate to this fraction, and mark our simulations with black dots. The dashed line in the figure’s inset
denotes the threshold tcool,mix/tcc = 1 above and below which the cloud loses and gains mass, respectively. Right panel: Evolution of the
velocity di↵erence between hot and cold phase. The color coding and linestyles match the left panel but note that the time is rescaled to
tdrag = tcc�1/2 instead. We display the evolution until the end of the simulation, or when the dense gas mass m(⇢ > ⇢cl/3) falls below
0.1mcl, in which case we mark the point with a cross.

Slow cooling (tcool,mix/tcc ⇠ 8) Fast cooling (tcool,mix/tcc ⇠ 0.08)
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Figure 2. Density contours of � = 100 simulations with tcool,mix/tcc ⇠ 7.7 (left column), and tcool,mix/tcc ⇠ 0.077 (right column) at
t/tcc = {3, 6, 12} (from top to bottom row). The simulation displayed on the left (right) was performed with a resolution of rcl/dcell = 8
(rcl/dcell = 64). The grey disk in each panel illustrates the original size of the cloud. For visualization purposes we display only part of
the box in the slow cooling simulation (left column) but checked that no gas is forming outside this boundary.
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Large boxes required to 
capture “focussing” effect.

MG & Oh (2018)

(III) Mass growth does not      
       depend on shear.

How does it get into the CGM & why does it move?

The answer is blowing in the wind!


