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Order in the chaos: magnetic field

» Field lines form spiral patterns with
pitch-angles between 10° and 40° ,
even in flocculent and irregular
galaxies.

» Turbulent fields are strongest in
optical spiral arms.

* Regular fields are strongest in
interarm regions, sometimes forming
magnetic spiral arms (NGC6946), or at
the inner edge of density-wave spiral
arms (M51).

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

M51

(Fletcher et al. 2008)
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1. Introduction

The more general topic:
Magnetic Fields and Cosmic Rays
in Star-Forming Disk Galaxies

Why care?

magnetic fields of galactic scales important in astrophysical
contexts in particular in star formation, particle acceleration

the mere existence on a level of ~10 micro-Gauss (1nT) is
considered a fundamental physics problem

acceleration and transport of Cosmic Rays, e.g. UHE CRs

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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a somewhat ,,traditional“ view:

»chimney model“ (Norman & lkeuchi)

Hot Coronal Gas

Galactic
Disk

200 kn&i{;
High Velocit
< h:mciosCI Y

Neutral Hydrogen Cl Metal Enhanced

Supernovee gjecta  (@anonymous NASA artist)
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Ferrara & McLow
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W3 chimney in DRAO HI Galactic Plane survey
(Univ. Calgary Website)

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

Diffuse ionized gas in galaxies

NGC4700

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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Simulations of the ISM

* Clustering of Supernovae => Breakout of the gas

Halo: old aged CR

t ¢+ ¢ ¢4

disk: star formation |

*—|a|o*: old*agegCI!
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and a modern theoretical view:

multiphase ISM in simulations

e.g. de Avillez & Breitschwerdt

whth ANR levei=s,

W S
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view from top

Density Temperature

view from side

Density Magnetic Field

Pressure Magnetic Field

Avillez et al. 2005

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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Processes in the interstellar medium

(from Taylor, Cambridge Univ. Press)

Radiation
Gravitation

Tafall of gas

RAYS

Magnetic Fields and Cosmic Rays contribute
significantly to the energy density, or in other terms
the pressure:

Urad " U " Ucr ™ Ukin

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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Outflows needed to ,shape” galaxies

Letter

Nature 463, 203-206 (14 January 2010) | coi:10.1038/nature06640; Received 8 September 2009,
Accepted 5 November 2009

Bulgeless dwarf galaxies and dark matter cores from
supernova-driven outflows

F. Governato}, C. Brook?, L. Mayer?, A. Brooks?, G. Rhee®, ). Wadsley®, P.
JonssonZ, B. Willman2, G. Stinsong, T. Quinnt & P, Madau®

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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recognition in cosmological context

Magnetic fields in cosmological simulations of disk galaxies

R. Pakmor, F. Marinacci, V. Springel
(Submitted on 9 Dec 2013 (vi), last revised § Feb 2014 (this version, v2))

Qbservationally, magnetic fields reach equipartition with thermal energy and cosmic rays in the interstellar medium of disk galaxies
such as the Miliy Way. However, thus far cosmological simulations of the formation and evolution of galaxies have usually neglected
magnetic fiekds. We employ the moving-mesh code \textsciArepol to follow for the first time the formation and evolution of a Miky
Way-like disk galaxy In its full cosmological context while taking Into account magnetic fields. We find that a prescribed tiny magnetic
seed field grows exponentially by a small-scale dynamo until it saturates around 2 = 4 with a magnetic energy of about 1096 of the
kinetic energy in the center of the galaxy’s main progenitor halo. By z = 2, a well-defined gaseous disk forms in which the magnetic
field is further amplified by differential rotation, umtil it saturates at an average field strength of $\sim 6 \mug$ in the disk plane, In
this phase, the magnetic field is transformed from a chaotic small-scale field to an ordered large-scale field coherent on scales
comparable 10 the disk radius, The final magnetic field strength, its radial profile and the stellar structure of the disk compare well
with observational data. A minor merger temporarily increases the magnetic field strength by about a factor of two, before it quickly
decays back to its saturation value. Our resuits are highly insensitive to the initial seed field strength and swggest that the large-scale
magnetic field in spiral galaxies can be explained as a result of the cosmic structure formation process.

ApJ 783, L20 (2014)
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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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FIG. 3. Edge-on maps of the temperature in a thin slios 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 a large effect on the temperature structure of the halo gas.
The plots show the median velocity (lefl panecls) and cutward pressure force (right panels) s a function of beight froen the disk for the
same two simalations, All quantitios are calculated in a cylinder of radive 3k
of the CRis is to incroaso the outward prossure forces in the halo by a factor «
wind into the halo, The wind in the thermal feedback simulatioes = accolerat
thereafter.

, costornd om the galactic disk. It is cloar that the offect
3.5 at all z. This pressure gradicnt slowly accelorates the
abruptly from the disk and maintains a comtant velocity
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LAUNCHING COSMIC-RAY-DRIVEN OUTFLOWS FROM THE
MAGNETIZED INTERSTELLAR MEDIUM

Philipp Girichidis?, Thorsten Naab® (3, Stefarie Walch? ), Michat Hanasze® (D

Mordecal Mark Mac Low*® (D, Jeremiah P. Ostriker® £, Andrea Gatto® (), Thomas Peters®,
Richard Winsen” (), Simon €. O, Glover®, Ralt S. Klessen® (3, Paul C. Clark®, and

Christian Baczynski® = Hide full author kst

Published 2016 January 6 « © 2016, The American Astronomical Society. Nl rights reserved.

The Aztrophysical Journg! Lestors. Volume 816, Number 2
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2. Observational Techniques
Optical and infrared polarization (dust grain alignment)
- Zeeman splitting
+ Total and polarized radio synchrotron
+ Faraday rotation and depolarization

magneuc fleld direction correlases with small scale structure
in the cold intersteliar medium
“Crstther Choal™ Poen Galacse Mlase Survey
{Asrala Teloscope Compact Accyy daea by MoChkare-GrifTeds ot 2l 2006)

Mathewson & Ford 1970 SRE )

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

Synchrotron radiation of relativistic electrons

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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408MHz Jodrell-Parkes-Effelsberg

Spectrum of the ensemble:

Convolution of single spectra with energy distribution
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What we can measure:
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RIGHT ASCENSION (12000)

NGC 253 radiocontinuum study at 3, 6, 20, 90 cm (Heesen, Krause, Beck, Dettmar 2009 A&A)
Polarized emission (and angles): Faraday rotation measures of the
| o [ ner BL1*a dl diffuse polarized emission:
RM o« | ne By d

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

Multifrequency study of NGC 253 (Heesen et al 2009)

NGC 233 4850.000 NHZ N2334 CONVLIAS
20 0 0

DECUNATION {J2000)

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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the prototypical galactic wind M82

Subaru

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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M82 in X-rays / XMM (Wezgowiec, et al. in prep.)
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(Heesen, Krause, Beck, Dettmar 2009 A&A)
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NGC 253 radiocontinuum study at 3, 6, 20, 90 cm
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Total magnetic field strength
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Scaleheight vs. Synchrotron- lifetime
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d 5 10

total power scaleheight
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Cosmic ray propagation
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close to escape velocity!
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NGC 7090

DECLINATION (J2000)

Dettmar &
Wezgowiec / XMM
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Example: ATCA Observations

22 + 6 cm, radio continuum polarimetry

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

rms: ~30 wly/beam at 22 cm and ~15 ply/beam at 6 cm

Cleaned with CASA multi-scale CLEAN

N7090

N7462

analysis of CR transport (ATCA 6&20cm)

NGC 70??: 6cm TP + SFRD

10%-2 Myekpo*2 15
T

NGC 7462: 6cm TP + SFRD
00 05 10%-2 My

2 /‘ )
15
FIONT ASCENSION (12000

Heesen, Dettmar, Krause et al. 2016 MNRAS 458, 332

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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clean non-thermal emission”’:

N(E, z): Cosmic Ray Electron number (column) density

. 8N(E,z)_l i
Advection: . - V{&E [b(E)N(E,z)]}
0’N(E,z) 18
Diffusion: 972 :5{5_E[b(E)N(E’Z]}
dE i 4 (E B
CRe losses: | 'qr | ~ (E)—g"f‘ —] Urad + UB)

synchrgtron

iC losses
radiation
CRE transport: SPINNAKER
A% * Spectral Index Numerical

Analysis of K(c)osmic-ray
Electron Radio-emission

 www.github.com/vheesen

/Spinnaker
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21


http://www.github.com/vheesen/Spinnaker

07.03.19

Advection
models he=4kpc hs= 8 kpc hs= le4 kpc
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Table 2. Observation detalls for the galaxies presented in this paper.
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—— —- 10’
G
CRAV (identical to NOCR but 10% of the SN
energy in CR energy. The remaining 90% is 10*
added as thermal energy. The CR energy can
advect with the gas
10t v
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with anisotropic instead of isotropic CR 3 E;
diffusion (Pakmor et al. 2016a). The f o e
diffusion coefficient in this model 2 [ 3
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4. Receivers and B-field in halos
example: WSRT multichannel receiver
3C138 (polarized) CTDA3 (urpoiarized)
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Galaxy NGC 3079
Hubble Space Telescope « WFPC2

il {University of North Carolina) » STScl

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

WSRT observations of NGC3079
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Carlos Sotomayor (PhD Bochum 2014)
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WSRT observations of NGC3079
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N3079 (WRST)
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X-ray emission
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NGC 3079 soft X-ray image based on XMM-Newton archives (M. Wezgowiec).

18 ks of clean pn data allows detailed spectral analysis.
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NGC 253 radiocontinuum study at 3, 6, 20, 90 cm

DECLINATION (12000

Heesen, Krause, Beck, Dettmar 2009 A&A 494, 563 & 506, 1013
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Magnetic field structure from rotation measure analysis

DECUNATION (4200,

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

Magnetic field structure from rotation measure analysis

two component model for B

Heesen, Krause, Beck, Dettmar 2009 A&A

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019
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comparison at three wavelengths

NGC5775 4.86GHz TP + Pl B-vectors
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Analytical models of X-shape magnetic fields in galactic halos

Katia Ferriere! and Philippe Terral'

! IRAP, Université de Tomlouse, CNRS. 9 avenue du Colonel Roche, BP 44346. F-31028 Toulouse Cedex 4, France

Recerved | accepeed

ABSTRACT
~onlex!. External sparal galaxses seen edge-on exhubat X-shape magnetse fields in thear halos. Whether the halo of cur own Galaxy
also bosts am X-shape magnetc field 15 sull an open question
Aims We would like to provide the necessary analytcal 1
Mathods We propose a peneral method to denve analyncal
a specafic shape. We thea uihize our method 10 obtam four partcular mode: X-shape magnete f
we alzo denve two particular models of predonumantly honzontal magnetic fields m galactic dasks. All our field moded
field imes wath spanally varving prich aogle

o test the hypothesss of an X-shape magnetic field m the Galactx halo
dels of diverpence-free magnetsc bose feld lines

s have spuralmg

Resuits. Our four halo field models do indeed lead to X patterns 1 synthetic synchrotrom polanzation maps. Thear precise topologes
can all be explaned by the action of a

wind blowiag cwrward from the galactic disk o from the galactic center. In practice, onr Held
models may be used for fittimg purposes or as mputs to vanous theoretical problems

Key words. Galaxses: magnetic Helds ~ galaxses: halos ~ galaxies: sparals ~ Galaxy: halo - Galaxy: dask ~ ISM: magnetic fields
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example LOFAR: LoTTS survey
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~0.1 mJy rms noise, 0.46Jy total flux (A. Miskolczi)

Cosmic ray-driven winds
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MAGNETIZED INTERSTELLAR MEDIUM

Philipp Girichidis®, Thorsten Naab® (D, Stefarie Walch? (), Michat Hanasz®
, Andrea Gatto*

, Paul C. Clark®, and

MordecalMark Mac Low*® (D, Jeremiah P. Ostriker®

Richard Winsch”

, Simon C. 0. Glover®, Ralf S. Klessen®

e full author kst

© 2016 The American Astro ool Society. NI rights reserved.

ourna! Lestors. Volume 816, Nyn

ENe thermal « CR

R.-). Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019

, Thomas Peters®,

Salem & Bryan (2014)

151.0 Myr

1016

1014

1012

CR surface energy denstiy [ ergs/ cm2]

1010

31



07.03.19

LOFAR HBA 10hrs 118-192 MHz (Heald, Shridar + LOFAR MKSP)
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CHANGES:

Continuum HAlos in Nearby Galaxies

- an Evla Survey

P1: 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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1.25 - 1.50 and 165 - 1.90 GHz
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Wiegert et al. AJ 150, 81 (2015) D-array C & L band
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AXIAL RATIO OF EDGE-ON SPIRAL GALAXIES AS A TEST FOR BRIGHT RADIO HALOS

Physics Department, Un

1. SiNoaL ', AL KoGur®,
of Richime W

ann H. Duneap'
R 3

ABSTRACT

We use surface brightness contour maps of nearby edge-on spiral galaxies to determine whether extended bright
radio halos are common. In particular, we test a recent model of the spatial structure of the diffuse radio continuum
by Subrahmanyan & Cowsik which posits that a substantial fraction of the observed high-latitude surface
brightness originates from an extended Galactic halo of uniform emissivity. Measurements of the axial ratio of
emission contours within a sample of normal spiral galaxies at 1500 MHz and below shaw no evidence for such a
bright, extended radio halo. Either the Galaxy is atypical compared to nearby quicscent spirals or the bulk of the
observed high-latitude emission does not originate from this type of extended halo,

Key words: Galaxy: halo - radio continuum: galaxies
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Dust corrected Ha image as thermal emission:
*  WISE (22 um) and Ha (in erg/s)
e Smoothing, regridding
e Calculating thermal Flux based
on Calzetti et al. 2007
Fthermal = C (Lo + 0.04 Lwise)

C. Vargas+ 2018. CHANG-ES X: Spatially Resolved Separation of Thermal
Contribution from Radio Continuum Emission in Edge-on Galaxies
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(Miskolczi+ arXiv181104015)

spectral index
much better
described using

a wind profile for v

\B
u(:)=u(,(l +(K) ]
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Summary:

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

* CR driven winds are likely to be important for the evolution of
galaxies

* Halos of spiral galaxies have a significant poloidal magnetic field
component (quadrupol field)

* New broad-band multichannel receivers provide higher sensitivity
and allow for new analysis techniques such as Rotation Measure
Synthesis

* LOFAR observations allow us to study the low energy and ,,0ld”
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“

Thank you

NGC 46666 Credit: Y. Stein, J. Englisch, A. Miskolczi
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