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Observational evidence of CR driven galactic winds:
CRE propagation and magnetic fields in galactic halos
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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).

(Fletcher et al. 2008)

M51
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2. Observational techniques

1. Introduction/Motivation

Outline

3. CR transport:  galactic winds

4. Polarization and B-field in halos

5. Summary 
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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 

1. Introduction
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„chimney model“ (Norman & Ikeuchi)

(anonymous NASA artist)

a somewhat „traditional“ view:
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Ferrara & McLow
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W3 chimney in DRAO HI Galactic Plane survey
(Univ. Calgary Website) 
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NGC4700

Diffuse ionized gas in galaxies
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NGC4700 with HST/ACS 

Simulations of the ISM

• Clustering of Supernovae => Breakout of the gas

View 
from 
top

View 
from side

Disk: young 
accelerated CR

Halo: old aged CR

Halo: old aged CR

z

disk: star formation
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15

movie

numerical models of the ISM:

Avillez & Breitschwerdt 
multiphase ISM in simulations

e.g. de Avillez & Breitschwerdt

and a modern theoretical view:
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Density Magnetic Field

../Animation/movie-diskhalo-20-212myr.mpg
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(from Taylor, Cambridge Univ. Press))

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

Urad ˜ UB ˜ UCR ˜ Ukin

Processes in the interstellar medium 

NGC 253



07.03.19

10

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

Outflows needed to „shape“ galaxies

recognition in cosmological context

ApJ 783, L20 (2014)
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ApJ 777, L16 (2013)
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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

Mathewson & Ford 1970 
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Synchrotron radiation of relativistic electrons
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408MHz Jodrell-Parkes-Effelsberg
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Spectrum of the ensemble:

Convolution of single spectra with energy distribution
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Polarized emission (and angles):
I µ ∫ nCR B┴1+α dl

NGC 253  radiocontinuum study at  3, 6, 20, 90 cm (Heesen, Krause, Beck, Dettmar 2009 A&A) 

Faraday rotation measures of the 
diffuse polarized emission:

RM µ ∫ ne B║ dl

What we can measure: synchrotron emission from CR electrons
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Multifrequency study of NGC 253 (Heesen et al 2009)
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20 cm VLA
l Total Power
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Subaru

the prototypical galactic wind M82 

3.  CR transport and galactic winds
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M82  in  X-rays / XMM (Wezgowiec, et al. in prep.) 
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cosmic ray transport in M82

Adebahr  et al. 2013, A&A
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NGC 253  radiocontinuum study at  3, 6, 20, 90 cm 

(Heesen, Krause, Beck, Dettmar  2009 A&A) „Pilot“ study: NGC253
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Total magnetic field strength

local magnetic field 
strength

local Synchrotron-
lifetime

equipartition magnetic field strength:
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Exponential distribution
with scaleheight: h
perpendicular to disk: z

VLA: 6.2 cm
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distance from the major axis: z

typical scaleheight ~ 
1.7 kpc 
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Scaleheight vs. Synchrotron- lifetime

Synchrotron-lifetime
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Cosmic ray propagation

λ6.2 cm: 

close to escape velocity!

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019 
38

NGC 7090

Dahlem & Ehle

ATCA

Rossa Dettmar Dahlem ACS/HST

Dettmar & 
Wezgowiec / XMM

…the lucky coincidence
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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 µJy/beam at 22 cm and ~15 µJy/beam at 6 cm

Cleaned with CASA multi-scale CLEAN

N7090

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

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

CRe losses:

iC losses synchrotron
radiation

“clean non-thermal emission”: 1D Modelling of CR–Transport

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

Advection:

CRE transport: SPINNAKER

• Spectral Index Numerical 
Analysis of K(c)osmic-ray 
Electron Radio-emission

• www.github.com/vheesen
/Spinnaker

http://www.github.com/vheesen/Spinnaker
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Heesen+ 2018 MNRAS 476, 158 
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Christine M. Simpson et al. 2016 ApJL 827 
L29 

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 model
is cm2 s−1 parallel to the magnetic
field and zero in all transverse directions.
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example: WSRT multichannel receiver

(Björn Adebahr, PhD thesis, Bochum 2013)

4. Receivers and B-field in halos

http://iopscience.iop.org/article/10.3847/2041-8205/827/2/L29/meta


07.03.19

25

R.-J. Dettmar | CRs and magnetic fields in galactic halos| KSETA Workshop 2019 
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Carlos Sotomayor (PhD Bochum 2014)

WSRT observations of NGC3079

Starburst galaxy NGC 3079
New technique: Rotation Measure Synthesis 
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WSRT observations of NGC3079
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C. Sotomayor (PhD Bochum 2014);   D.J. Bomans, A. Miskolczi 

N3079 (WRST)                         H_alpha
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X-ray emission

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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Heesen, Krause, Beck, Dettmar  2009 A&A 494, 563 & 506, 1013

NGC 253  radiocontinuum study at  3, 6, 20, 90 cm 
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Magnetic field structure from rotation measure analysis
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two component model for B

Magnetic field structure from rotation measure analysis

Heesen, Krause, Beck, Dettmar 2009 A&A
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NGC 5775 comparison at three wavelengths

Soida, Krause, Dettmar, Urbanik A&A 2011
Tüllmann, Dettmar, Soida, et al. A&A, 2000 364,L36

a more general description of B:
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LOFAR HBA at Jülich (FZ Jülich- RU Bochum)
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example LOFAR: LoTTS survey

~0.1 mJy rms noise, 0.46Jy total flux (A. Miskolczi)
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Cosmic ray-driven winds

Salem & Bryan (2014)
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LOFAR HBA  10hrs  118-192 MHz   (Heald, Shridar + LOFAR MKSP)
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CHANGES:
Continuum HAlos in Nearby Galaxies
- an Evla Survey

PI: 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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Wiegert et al. AJ 150, 81 (2015) D-array C & L band

queensu.ca/changes

Remaining images (C array B array) to be 
released in 2019
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„averaged“ radio continuum halosorted by SFR at common distance
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auxiliary data:
thermal/non-thermal separation

Dahlem et al. 1997

Dust corrected Ha image as thermal emission:

• WISE (22 µm) and Ha (in erg/s)

• Smoothing, regridding

• Calculating thermal Flux based 

on Calzetti et al. 2007

Fthermal = C (LHa + 0.04 LWISE)

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

CHANGES XII: N3556 (Miskolczi+ arXiv181104015)

spectral index
much better
described using
a wind profile for v

LOFAR/LoTTS + JVLA
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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 „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

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


