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Circum-Galactic Medium
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Figure from J. Peek
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Circum-Galactic Medium

How do galaxies work?



Circum-Galactic Medium
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How does
MWV interact
with the
circumgalactic
medium!?

Circum-Galactic Medium
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Figure

courtesy Josh Peek
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Multi-phase gas-loss from galaxies

41.2389 km/s

M82. Credit: NASA, ESA, and The Hubble Heritage Team (STScl/AURA) MW HI GSH277+00+36: McClure-Griffiths et al. (2003)



http://www.atnf.csiro.au/people/Tobias.Westmeier/images/research/hvcsky/hvcsky_2.jpg
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GALFA examples:
Stanimirovic et al. (2006)

Cool HI halo structure senimirovicetal.¢
Saul et al (2012)
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Galactic Wind: Fermi Bubbles

Residual mtensnty, = 3 — 10 GeV e |

—4 —2 0 . 1 O 8 10
107 E() X F ( G-?\/ )

Fox et al (2014); Su et al (2010); Ackermann et al (2010); cIm=< s sr

Bland-Hawthorn & Cohen (2003)
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Lockman & McClure-Griffiths (2015, in prep)
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Fermi: Ackermann et al 2014

H I i n th e G a I a Cti C C e ntre HI: Lockman & McClure-Griffiths (2015)

lel18 | .10° <t,’<20° | | |
HI anti-correlated ]
with y-ray at [b[>10 f
/\ 1.0 ol o
“¢ HI halo missing -
| typical of spirals?

Galactic Longitude (deq)
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GALACTIC Latitude

GALACTIC Latitude

Histogr of FWHM
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GALACTIC Latitude
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Hl entrained in a Galactic wind

Typical clouds:
e ~¥15 pcC
e ~270 Mgun

McClure-Griffiths et al (2013)

Observed Positions
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vAcceptable wind velocities: 150 km/s to 270 km/s
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Models of nuclear outﬂows

~ i
Shocked halo gas

S IERN pran BN R S_wept-qp ?he."
- 400 -200 0 200

M82 wind simulations: Cooper et al (2008) X (pc)
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Analyzed Observed Positions (GBT & ATCA)
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Lockman, Harrington, McG, Ford et al

14



Circum-Galactic Medium

Gas
circulation?
Infall?

Figure courtesy Josh Peek
Stars
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A deceptive view of the HI sky?

3.2 x108 Mo HI halo (Marasco & Fraternali 2010)

+350

+175

o [s/w] #S'A

OO0 v
@Simnm -
< “iHVCs”

-350

Putman, Peek, & Joung (2012 ARA&A); Westmeier (2007); LAB data

reservoir of <10'8 cm~ HI gas?
significant optically thick HI?
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Hl Halo: Wide vs

"'» T TEFWHM <20 knhs
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* Deep Hl obs (Lockman | —
et al 2002) compared .| _— C Catomett |
with wide (Moss et al | e
2013)

1017 10'8 101 10% 102

* Ratio of dense to diffuse
gasis: 0.2 -0.8,
consistent with lots of
“undetected” HI (Moss
et al, 2015)

Dec (J2000)
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Multl -phase high-velocity gas

10 Moss, Mc-G, et al (2013) GASS - total Stanimirovic et al (2008)
L GASS - single SERAE L A ) BARAREARRAL RS RERAE
1.01 ‘_
0.3 - . . 0.5}
E | €08 ¥ oa
= 0.6 - a | a |
g L E 0.6 | - € o3l |
2 ~ | = R ' e '
2 |~sook  [72000K| . | e |
E 04 & 0.4 | ] s 0.2 ‘ '
- ﬁ | 5 | 5 o l '
= . _\—\ o 0.27 ”Hk 1 @ ' I 11\14 ‘ M},
0.2 e I8 !! F : |
. 7 LA AR L A S
‘ ' | 4 E
‘ l_’—‘ww\r-ﬂ -0.1 e o e R
0.0; 0 50 30 10 20 -450 —400 -350 -300 -250 -450 —400 —350 —300 —250
FWHM (km s~} LSR Velocity (km s™) LSR Velocity (km s™)

« HVCs as barometers
— “Cold” cores: FWHM ~7 km/s, “Warm” envelopes: FWHM ~20 km/s

« 20 - 24 % of HVC sight-lines have multi-phase structure
(Moss et al 2013, Kalberla & Haud 2006)
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Wolfire et al (1995)

And ...

Multiphase
Magellanic Steam
clouds shouldn’t

 \&iat & H8 kpc
(Stapiaratuie eifdhe

gas”? 2009)

* What other forces
play a role?
* magnetic fields?
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Accretion In action?

Galactic All-Sky Survey lel9
1.8
ey a t
y . > .
+30.0° / 1.6
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s S RS 2 \ 12 (Kallivayelli et al 06),
E ' s LAY 1.0 £ Pram >10%° K cm™
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« HVC in Leading
Arm of Magellanic "
System
— Head-talil i -
morphology 5
HI
RM > +0
RM< -0 e
IRM| <o i 1

300 295 290 285 280

GLON (degrees)
McClure-Griffiths et al (2010)
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Rotation Measures & HVC HI Emission
RM >0
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McClure-Griffiths et al (2010)
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Magnetic field in the Smith Cloud?
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Summary
» Taking full multi-phase ISM into the halo:

— (Gaseous outflows in the Milky Way are multiphase

— Galactic centre outflow evacuated HI cavity inside Rg<2.5
Kpc
 However, HI clouds of ~20-30 pc entrained in wind

— The high velocity HI halo is devious

« undetected diffuse HI
* “multi-phase” clouds often shouldn’t exist
* magnetic fields

 How to make progress:
— Better measurements of temperature (HI absorption?)
— More metallicities
— Census of role of magnetic fields
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Next steps...
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Galactic ASKAP Survey (GASKAP)

Aim: To study the evolution of the Milky Way and Magellanic
Clouds through their interstellar gas and star formation

Su rveys Of the +90. \J ) l ] ) I ] L l L ' I L} ) ' ] L
Galactic plane GAMES + GASKAP Survey Areas - - -
and Magellanic ES | :

System: & e N
ol T .
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absorption 0°

e OH A18-cm diffuse
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Galactic Latitude

-30°

e OH A18-cm masers

More than order
of magnitude o° ~180
more SenSil‘ive Galactic Longitude

Dickey, McClure-Griffiths et al (2013)
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