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- Galactic Winds Overview

we see them | we nheed them

Centrals Satellites
z=10 z=10
—_—=] z=1
z=12 z=2
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Stellar Mass

Tremonti+04

we do not understand them
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~ How SNe launch galactic winds

Yeas = 100 Mg pc? fa=1 f. =100

t = 377.3 Myr

Athena4.?2

1 kpe

]
107391029 10728 107271026 102 10-24 1023 104 10° 0 50 100 150 200 250 300 350 400 450 500

Density [g cm ™3] Temperature [K| Radial Velocity [km s™*]

DF +17

‘Drummond Fielding _’ - R e R i b-ackgro'un-d’ o e | | 3 S ne i - 21 March 2019



 Clustering o the Rescue!

101

enhergy loading 5

Ewind
Fsn 103

NE =

randomly number of SN going
distributed off next to each other clustered

luckily stars form in clusters!

Drummond Fielding _ e A NI g 'impo'rtance Qfdugtermg ' | SselE sy 21 March 2019



Clustered SNe in a Turbulent, Multi-Phase ISM

00

2 0

—20

—100

—100
§athena++

Radiative Cooling + Photo Heating + Turbulence = semi-realistic testbed ISM for SNe

" Drummond Fielding i S AT e 2 _unstratified simulations. | | i e 21 March 2019



Clustered SNe inaT urbulent Multi-Phase ISM

M =103 M 4

9 2
. Manic = Th?S 4

g
10°
410°
104
103
102

n[ClI(I)lz_g] MCluster — €4 MGMC

10°

10!

" Ngn = Mciuster/100M o Atgny = Ngn/30Myr

10

—100 0 100
pc

" Drummond Fielding L Wiice i st pstratified. simulations:. | 3 VT S - 21 March 2019



Clustered SNe in a Turbulent, Multi-Phase ISM
Mo =10 M My 10N, Mo 10N R

10°
107
10°
10°
10*

L} L} L Ll
- - - : ! 1 ' I T

0 100
pe pc pe

‘Drummond Fielding L s S i - unsfratified simulations. . _ 3 ey s 21 March 2019



~ Super-bubble Breakout?

Two criteria for bubble breakout:

JnoYeaiq

—_—

Tbubble = N before t = tsN CESY)

l1eis

2. Ububble > OV when "bubble = R (hard)

Critical SF efficiency (or cluster mass
or Nsne) to breakout prior to stalling:

. = 0.015 nmedian/nmidplane OV 2
€x,crit — Y. 095, 10km/s

' (0pe) (o)
time [Myr] 100 PC ].05 M@ km/s

jnoyeaiq

O
e
n
=
O
av
$-‘
=
O
O
-
i,
—
<>
oF
-
2

l1eis

o
-
p—
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- Pre-Breakout Energetics

Yoas = 30 Mg /pc® Mg = 10*° My €, = 0.03
5 o/ = Unstratified

While confineo
Within the disk
>90% of the
Nnjected energy
S radiated away

Z
P
goa
~—
S
3
goa
|
\

T)cool

"~ Drummon d Fielding | = R S I - stratified simulations ' | SRl 21 March 2019



- Post-BreakoutEnergetics

Ygas = 30 Mg /pe® Mg = 10" Mg ¢, = 0.03

o
-
)

Unstratified
breakout —_— Stratified

After the super-
pubble breakout
cooling drops by
a factor of ~10
and a powertul
WilsloRERFEVialelalle

—
-
—

Z,
P
goa
~—
S
3
-
|
\

T)cool

"~ Drummon d Fielding | = R S I - stratified simulations ' | SRl 21 March 2019



- Galactic Wind Energy Loading

o
-
-

z: . =300 M@pc

A

E s =30 M@ pc

|d
O
—_

Z.
U2
goa

~—
T
k=

=
-

Ewind/ESN

H
-
N
H
-
N

NEe
-)
e
-)

Clusters with e, 2 €, orit = 0.015 Dreakout
Drive winds with ng ~ 0.1 — 0.8
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Galactic Wind Momentum Loading

.
-
o

%
A
T~—
T
k=
=
o

Pwind/PSN

np
np

10
time [Myr|

Momentum flux = Injected momentum bD.C. ’
» not gas vents before _doingwork onISM

- Drummond Fielding P .. stratified simulations — momentum loading | Svp s 21 March 2019



- GalacticWind Mass Loading

1
2

gl

Drummond Fielding

A -
1 +ﬁ;) vp > 300km/s :

_— amp b @ ]
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% yas = 300 M, pe2 |

stratified simulations — mass l0ading

200
height |pc]

400
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Clustered SNe can drive powerful galactic winds

100

Spatio-temporal clustered SNe
can breakout of galactic disk

50 F «

8 o 1 Il & under a wide range of conditions

N «~  Create “"chimney” and vent
~ efficiently into the CGM. The -
Jo TR energy, mass, and momentum %
u (,‘ g | fluxis asignificant fraction of

5 Rl o B amount injected by SNe

_50-‘5' . K

e = \a' :-' , W . _

—100R o A s
Sy O e TR & e

—-150 % * 1 1 1

—150 —100 -50 0 50

kpc

-/ ~ 77ENO.1—O.877MN0.1—177PN1

L 4
100 150

- Drummond Fielding

" conclusion - 21 March 2019



Galactlc Wmd Phase Structure

close to dISk top of box

Winad i1s mostly
> hot (T>108K) &
¢ fast (v>100 km/s)

Cold component

mMmay be larger witn

- B-flelds & cosmic rays
- higher resolution

sseul

0 10110410310% 10'10%10310% _
v, [k /s] B — - time to cool/condense

"~ Drummond Fielding | < | s e bt ad sTTulations — ohase structure ' | eSS 21 March 2019
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Ciritical Surface Density for Galactic Wind Launching
A simple model for star formation and galactic wind driving

2
M = e,mh Z‘gas Cx — eozgas/zmax

For bubble to breakout:
Ububble(h) 2 0V

Critical Gas Surface density:

Yoas > St ~ 30 Mg /pc® = X, > 0.03Mg /kpc” /yr

~ Drummond Fielding _ = R S I ~ critical surface density . . | | Sl 21 March 2019



Ciritical Surface Density for Galactic Wind Launching

Critical Gas Surface density
for galactic wind launching:

Zgas > Ecrit ~ 30 M@/pC2
>, > 0.03 Mg /kpc® /yr

[
N

p<0.0001

T

out cir
. <o =
- ) -

|
g
n

N
>
S~
>
p—
Q0
C
-

Similar to the observed
threshold ~ 0.1 Mg /kpce® /yr

e.g. Heckman (2002) S -~_ -

Log (SFR/Area [My/yr /kpc’])

I
(WY
-

I
[
)
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ISM-Bubble Mixing — Importance of 3D

—-40-20 0 20 40 -40-20 0 20 40 -40-20 0 20 40
pc pc pc

- Drummond Fielding oy ' = ARSI g - stratified simulations . ' _ faes _ i - 21 March 2019



~ Sensitivity to ISM Turbulence

- Drummon d Fielding

" 21 March 2019



Numerical Convergence

Tlcool, 1pc = Tcool, 2pc

TE, 1pc == TE, 2pc

~ Drummond Fielding | = R S I - stratified simulations ' | SRl 21 March 2019



