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Processes in the interstellar medium

(from Taylor, Cambridge Univ. Press)

Radiation
Gravitstion
Tafall of gas
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Magnetic Fields and Cosmic Rays contribute significantly
to the energy density:

Urag “Us " Ucr ™ Ukin
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Cosmic ray-driven winds

LAUNCHING COSMIC-RAY-DRIVEN OUTFLOWS FROM THE
MAGNETIZED INTERSTELLAR MEDIUM Salem & Bryan (2014)

Philipp Girichigis, Thorsten Naab® (), Stefarie Walch? (), Michat Hanase® (),

o - 2 4 1016
MordecalMark Mac Low** (D, Jeremiah P. Ostriker® £, Andrea Gatto* (), Thomas Peters®,

Richard Winscn” ), Simon €. 0, Glover®, Rait S. Klessen® (3, Paul C. Clark®, and
Christian Baczynski® — Hide full author kst

Publshed 2016 January 6 « © 2016, The American Astronomical Soclety. A rights resorved.

The Aztroptsical Journa! Lestom. Yotume 816, Number 2 o
1014 §

r)

e

o

=

- ﬁ
c

o

°

- §
1012 8

o

(T - §
®

2

«

[$)

1010

R.-). Dettmar | CR driven galactic winds| MWSKY-II Pune

RUHR-UNIVERSITAT BOCHUM

ApJ 777, L16 (2013)

SIMULATIONS OF DISK GALAXIES WITH COSMIC RAY DRIVEN GALACTIC WINDS
C. M. BooTH'. Oscar AGERTZ>'. ANDREY V. KravTsov'®*. AND NIcKoLAY Y. GNEDIN>'®
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F1G, 3. Edge-on maps of the temperatare in a thin sics around the MW (top panels) and SMC galaxies (bottom panels) for both the
thermal feodback left panels) and CR feodback (right panels). CR foedback has & large effect on the temperature structure of the halo gas.
The plots show the median volocity (left pamels) and outward peessure force (right panels) as a function of height froen the disk far the
same two simulations, All quantitios aro calculated in a cylinder of radius 3kpe, cestorod om the galactic disk. It is cloar that the offect
of the CRs is to incrosso the outward prossure forcos in the halo by a factor of 3.5 at all 2. This prossure gradicnt showly acoeloratos the
wind into the balo. The wind in the thermal feodback simalatioes & aceolerated abruptly from the disk and maintains & comtant velocty
thereafter




03.05.19

What we can measure:
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NGC 253 radiocontinuum study at 3, 6, 20, 90 cm

Polarized emission (and angles):
| oc [ neg BL™* dl
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(Heesen, Krause, Beck, Dettmar 2009 A&A)
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Faraday rotation measures of the
diffuse polarized emission:
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06.00s 16m00.00s 54.00s 48.00s 42.00s12h15m36.00s

Dec (J2000)

NGC 4217 6"

08'00.0"
07'00.0"
06'00.0" .
05'00.0"
04'00.0"
+47°03'00.0"
0

Flux density (m)y/beam)

06.00s 16m00.00s 54.00s 48.00s 42.00s12h15m36.00s
RA (J2000)

~0.1 mJy rms noise, 0.46Jy total flux (A. Miskolczi)
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Qoty Synthesis Radio Telescope 143
OSRT 327 MHz NGC 463l
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Figure-2. A327-MHz map of NGC 4631 made with a 60-arcsec Gaussian beam. The contour G. Swarup (1984)

levels are — 15,15,45,75,105,135,165,195,245,295 and 345 mJy/beam. The optical image of the
galaxy is marked by a broken line and is shaded by dots.
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auxiliary data:
thermal/non-thermal separation

NGO 4668 WISE 22micron
T T T T T

NGC 4666 Halpha
T T

7 e WISE (22 um) and Ha (in erg/s)
*  Smoothing, regridding

o

] e Calculating thermal Flux based
on Calzetti et al. 2007
fzﬂ'; | “ Fihermal = C (LHa +0.04 LWISE)

[Dahlem et al. 1997

Declination (J2000)
Declination (J2000}

a0

| I | |
(ST I, PPN s e )
PP vy o on® 0" o 3 12746™15% 45710° 45™05° 45700°

Right Ascension (J2000) Right Ascension (J2000)

C. Vargas+ 2018. CHANG-ES X: Spatially Resolved Separation of Thermal
Contribution from Radio Continuum Emission in Edge-on Galaxies
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Dust corrected Ha image as thermal emission:
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“clean non-thermal emission”:

N(E, z): Cosmic Ray Electron number (column) density
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Diffusion: ~ 5.2 D {6_E [b(E)N(E, Z)]}

. ON(E,z) 1
Advection: 9 7 {

dE 4 ([ EV
CRe losses: ~ (E) =b(E) = _O“TC(
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CRE transport: SPINNAKER (V. Heesen)
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e Spectral Index Numerical
Analysis of K(c)osmic-ray
Electron Radio-emission

 www.github.com/vheesen
/Spinnaker
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http://www.github.com/vheesen/Spinnaker
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Advection Diffusion
models he=4 kpc he=8kpc he= le4 kpc models hs=4kpc hs=8kpc hs= le4 kpc
N(Ez) i i
e §af | ! | NE2) |
S o H
Ine(2) E Inz) |
i i
Olag g = Qlnt ;
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(V. Heesen)
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Example:
22 + 6 cm, radio continuum polarimetry

~160 hr at 22 cm and ~60 hr at 6 cm each

rms: ~30 wy/beam at 22 cm and ~15 ply/beam at 6 cm
Cleaned with CASA multi-scale CLEAN

N7090

N7462
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analysis of CR transport (ATCA 6&20cm)

Heesen+ 2016 MNRAS 458, 332
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NGC 7090: 6cm TP + SFRD
! o5 102 2

NGCN000: Convection Model
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Non-Thermal Spectral Index (o)

Non-Thermal S pectral Index (o)
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Table 2, Observation detalls for the galaxios prosemtod in this papor.
Galaxy Band®  v*  Telscop  Cosfigmation® Projct  Time' Dute*
(GHz) )
NGC 5% L (] ATCA 780D cwr 87 1993 Aug 1
378 n2 1995 Jas 12
e . THOA [ LA N 1905 Ot 25
s Cimi 50 2006 Jal 17
z EW3s2 3 94 2005 Oct 7
< 450 3 7 36 1904 Mar 20
B 7 10.2 1994 Mar 30
v 175 7 18 1954 Mar 31
i ars L P X 1984 Nov 23
3 TH0A 7 S 1996 Mas 1
2 a7 (&g 53 1995 Awg 16
378 c®7 102 1995 Now 24
z 467 W52 [T ¥ 2008 Now 22
EW364 ciors 99 2009 Feb 13
560 ok Hies Core 16 2010 Mar 27
450 Parke sngledish PO 160 2010 Oct 7
146 VLA B+C+D ACTHS 4l 1990 Sep-1901 Mas
456 D Als4a 3538 2004 Jul 4-2¢
435 Effebberg  singledbh  N/A  N/A 107
L9 WSRT Multiphe RoB 20 2002 Aug-Dec
136 VLA D AAML 112 1988 Awg 20
438 Effebbery  sngledish 44695 0.1 199 Fob-Aug.
C 3044 149 VIA B Al% 3 1986 Aug 1
HH c Al2s 08 19685 Jul 26
D AL31 X 1057 Ape 28/30
456 ("] ABGT O 1903 Jun 13 ‘
D AMSTS I8 1997 Now 6 This work
D Al 10 1087 Ape 28 n
L 166 VIA B BSH4 10 1907 Mar § This work
141 D BS44 24 1007 Oct 2
143 c ABT40 13 1996 Feb 17
< 47 c ACKT 39 1900 Dve 0 3
. 456 D ADITT 25 1986 Jan 16 This work
L 149 ViA <D ASO 43 19688 Mar 28 "
s D ASMO 84 1987 Apr 7
c 456 D AK23 77 1991 Mas 28 7
L 149 ViA B ASI™ s 1988 Jan 29 1%
148 e D ASIZ® 106 1988 Awg 28 .
< 456 D AK424 34 1996 Sep 28 6
L 137 WSRT  maxishot  N/A 60 2003 Ape 3 1
< 4386 VLA D Alwmo 12 1989 Now 22/26 Mosaic 9
ADs6 43 1009 Ape 14 Mosade 12
455 5501 63 1996 Fob-Avg  Merged o
NGC w86 L 143 AD36 35 1994 Nov 20 5
149 As199 02 1984 Awng 31 This work
{5 456 D ADx2 125 1903 Dee 20/24 5
CsTs L 149 B Aloozs 32 1956 Aug 1 )
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)

Position (kpc

Gas Surface Density (M. pc

CRAV ‘ o
CRAV (identical to NOCR but 10% of the SN energy in ! | -
CR energy. The remaining 90% is added as thermal
energy. The CR energy can advect with the gas .
CRAD is identical to CRAV, but »
with anisotropic instead of isotropic CR diffusion
(Pakmor et al. 2016a). The diffusion coefficient in this s
model is ; — 102 cm? s parallel to the magnetic field .
and zero in all transverse directions. .
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LOTSS 20“ NGC4013 SDSS
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(A. Miskolczi)
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http://iopscience.iop.org/article/10.3847/2041-8205/827/2/L29/meta
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LOFAR/LOTSS + JVLA

CHANGES:

Continuum HAlos in Nearby Galaxies

- an Evla Survey

Pl: Judith Irwin, Kingston (ONT/CANADA)

35 edge-on galaxies

inclination > 75 deg
DEC > 25 deg

4 arcmin > D < 15 arcmin

flux > 23 mJy

+ a few well studied larger object

Large proposal 405 hours granted (RSRO)
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L-band C-band

- 190 GH 50-7.00Hz
(500 MHz, 2048 channels*)

(2 GHz, 1004 chareels®)

1 ] | 1 ! ] !
I I 1 I 1 I I
0 20 0 40 50 50 %0

Frequency (GHz)

NGC 4013 LOTSS/JVLA C-Band

(Y. Stein+, 2019, submitted)
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LOTSS
NGC3556
(A. Miskolczi)

(Miskolczi+, 2019)

I spectral index

! much better
described using
a wind profile for v

"| e ﬁ
(zZ) =vol 1 - .
L wo=ni+ (5]

s 11h11mo0s

12



03.05.19

LOFAR HBA 10hrs 118-192 MHz (Heald, Shridar, Heesen + LOFAR MKSP, in prep)

Declination (J

LSt
Right Ascengion {J2000)
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RUHR-UNIVERSITAT BOCHUM

Summary:

* CRE transport seems to be dominated by advection in most star
forming disk galaxies

* LOFAR observations allow us to study the low energy and ,,old“
population of CREs

* Surveys aiming at measurements of magnetic fields and CRs in
halos of a larger number of objects are underway

Supported by BMBF ,Verbundforschung bodengebundene Astronomie und Astrophysik”
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Thank you
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NGC 46666 Credit: Y. Stein, J. Englisch, A. Miskolczi
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