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Energies and rates of the cosmic-ray particles
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Cosmic ray-driven winds:
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Magnetic Fields and Cosmic Rays contribute
significantly to the energy density, i.e. pressure:
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What we can measure:

z :
: :
3 3
d o
w
Q

30
RIGHT ASCENSION ()2000)

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
| oc | ngr B+ d diffuse polarized emission:
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,new constraints“ due to the latest generation of multi-channel broad-band receiver systems

3C138 (polarized) CTDAS {unpolarized)
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example: WSRT multichannel receiver

(Bjorn Adebahr, PhD thesis, Bochum 2013)
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~0.1 mJy rms noise, 0.46Jy total flux (A. Miskolczi)



Declination (J2000)

thermal/non-thermal separation

NGC 4666 WISE 22micron NGC 4666 Halpha
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Vargas+ 2018,

Dust corrected Ho image as thermal emission:
e  WISE (22 um) and Ha (in erg/s)
 Smoothing, regridding
e Calculating thermal Flux based

on Calzetti et al. 2007
Fihermal = C (Lna + 0.04 Lyse)

CHANG-ES X: Spatially Resolved Separation of Thermal Contribution

from Radio Continuum Emission in Edge-on Galaxies
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“clean non-thermal emission”:

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

. ON(E, z) 1 0 :
Advection: rp {8E [b(E)N(E, )]}
(92N(E,z 1(0
Diffusion: 872 {aE B NES ]}
dE\ _ . 4 B
CRe losses: ~ | a7 (E) =307 7 | $Vraa + U)
| iC_Iosse‘s syncHr;éon
radiation

Heesen+ 2016 MNRAS 458, 332



Advection
models he=4 kpc he= 8 kpc hs= le4 kpc

he= 4 kpc hs=8 kpc he= le4 kpc
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R.-). Dettmar | CRE transport from radiocontinuum | ICRC2019 Madison, WI



Cosmic Rays: 1-D Transport Model
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(a) Reduced chi*2: NGC 7090 Northern Halo
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Fitting of non-thermal intensity profiles with F'E -
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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

|.—band C-=band
1.25 = 1.50 and 165 - 1.90GHz 50-7.00Hz
(SO0 MHz, X048 channels*) (2 GHz, 1024 chaeeels*)
Large proposal 405 hours granted (RSRO) e —
Irwin+, 2012, AJ, 144, 44 Jl ] | 1 1 1 1
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NGC 891: advection model
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NGC 4565: diffusion model
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NGC4565 seen with LOFAR: a diffusive CRE halo Heesen+, arXiv:1907.07076

V. Heesen et al.: Difuseve radio halo around NGC 4565
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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 x = 10?® cm? s~ parallel to the magnetic field
and zero in all transverse directions.

Christine M. Simpson et al. 2016 ApJL 827 L29
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http://iopscience.iop.org/article/10.3847/2041-8205/827/2/L29/meta

LOTSS
NGC3556
(A. Miskolczi)
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LOFAR 1448 M2

(Miskolczi+, 2019)
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Outlook: magnetic field structure
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NGC4666
Stein+, A&A (2019), 623, A33

The large scale magnetic field of
disk galaxies with a certain level
of star formation has a
significant poloidal (X-shape)
component.
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Summary:

e CRE transport into galactic halos 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

e Surveys aiming at measurements of magnetic fields and CRs in
halos of a larger number of objects are underway (e.g., CHANG-ES)

* Star-forming disk galaxies have a significant poloidal halo

(X-shaped) component of the magnetic field



Thank you
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NGC 46666 Credit: Y. Stein, J. Englisch, A. Miskolczi
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LOTSS 20“ NGC4013
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(A. Miskolczi)




NGC 4013 LOTSS/JVLA C-Band

(Y. Stein+, 2019 A&A)
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Wiegert et al. AJ 150, 81 (2015) D-array C & L band
queensu.ca/changes

Queen’s University OPiges ~ Peosie B - O

HANG-ES

im Halos in Nearby Galaxies

crd the Digitired Sky Survey
: W Canoda

. Remaining images (C array B array) are just
’ released



sorted by SFR at common distance
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,averaged” radio continuum halo

Thr Astromoysac At Joursas Leveexs, 799110 (6pp ), 2005 Janswy 20 doe 10 108K/ 20 | -8208
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..' AXIAL RATIO OF EDGE-ON SPIRAL GALAXIES AS A TEST FOR BRIGHT RADIO HALOS
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Recvived 2014 Auguar 28; ocvepted 2014 December 24; padlisied 2015 January 19

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-lattude surface
brightness onginates from an extended Galactic halo of uniform emaissivity, Measurements of the axial ratio of
emassion contours within a sample of normal spiral galaxies at 1500 MHz and below show no evidence for such a
bright, extended radio halo. Either the Galaxy is stypical compared to nearby quiescent spirals or the bulk of the
observed hagh-latitude emission does not ongmate from this type of extended halo

Key words: Galaxy: halo - radio continuum: galaxies
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