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„IceCube Masterclass“

Behroozi+ 2013
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Silk 2013
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Cosmic ray-driven winds:

Salem & Bryan (2014)

Magnetic Fields and Cosmic Rays contribute
significantly to the energy density, i.e. pressure:
Urad ˜ UB ˜ UCR ˜ Ukin
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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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example: WSRT multichannel receiver

(Björn Adebahr, PhD thesis, Bochum 2013)

„new constraints“ due to the latest generation of multi-channel broad-band receiver systems
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example LOFAR: LoTSS survey

~0.1 mJy rms noise, 0.46Jy total flux (A. Miskolczi)
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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)

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



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:

Heesen+  2016 MNRAS 458, 332
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(V. Heesen)
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Cosmic Rays: 1-D Transport Model

Fitting of non-thermal intensity profiles with 
SPINNAKER by  V. Heesen based on advection or 
diffusion equation
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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)
Irwin+, 2012, AJ, 144, 44 

Wiegert+, 2015, AJ, 150, 81 
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P. Schmidt: An in-depth view of the cosmic-ray transport in NGC 891 and NGC 4565
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Figure 12: Accelerated advection models for NGC 891. Data points denote the vertical profile of the non-thermal spectral index between 1.5
and 6 GHz (left panels) and the exponential model of the non-thermal intensity profile at 1.5 GHz (right panels). The radial position of
each profile is given in the right-hand-side plot; r < 0 is east of the minor axis and r > 0 is west of the minor axis. Positive z values are on
the north side and negative ones on the south side of the mid-plane. Solid lines show the best-fitting advection models.

gions (e.g. Tabatabaei et al. 2013) and possibly in superbubbles
(Heesen et al. 2015).

While for the di↵usion models of NGC 891 the best fits were
achieved using the commonly assumed energy exponent of µ =
0.5, NGC 4565 could also be fitted with lower values of µ. Hence,

for comparison we additionally modelled this galaxy with µ = 0.3
and µ = 0. Di↵usion produces approximately Gaussian intensity
profiles whereas advection leads to exponential ones. Therefore,
since the synchrotron emission of NGC 4565 is described equally
well by Gaussian and exponential profiles, we used the former for
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NGC 891: advection model

NGC 4565: diffusion model

P. Schmidt: An in-depth view of the cosmic-ray transport in NGC 891 and NGC 4565
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Figure 13: Di↵usion models for NGC 4565 (assuming no energy dependence for the di↵usion coe�cient). Data points denote the vertical
profile of the non-thermal spectral index between 1.5 and 6 GHz (left panels) and the Gaussian model of the non-thermal intensity profile
at 1.5 GHz (right panels). The radial position of each profile along the major axis is given in the right-hand-side plot; r < 0 is east of the
minor axis and r > 0 is west of the minor axis. Positive z values are on the north side and negative ones on the south side of the mid-plane.
Solid lines show the best-fitting di↵usion models.

modelling di↵usion and the latter for modelling advection. For
each model, we adopted the range of V (or D0), and hB2 (or hV )
values for which both �2

I  (�2
I,min + 1) and �2

↵  (�2
↵,min + 1) as

their upper and lower error margins.

8.2.3. Results

We present the vertical profiles of the non-thermal spectral in-
dex ↵nth,1.5�6GHz and the non-thermal intensity Inth,1.5GHz at each
major-axis position, along with our best-fitting advection and dif-
fusion models, in Figs. 12 and 13 for our preferred solutions. The

remaining models are presented in Appendix D, where we also
list the key parameters for all models. In order to illustrate the
dependence with galactocentric radius, we present radial profiles
of these parameters for a subset of models in Fig. 10.

For NGC 891, advection is clearly favoured over di↵usion,
mainly because the data are more consistent with the linear spec-
tral index profiles produced by advection. We find advection
speeds consistently around ⇡150 km s�1, with a tendency towards
high upper error limits at large radii. For both advection and
di↵usion, the halo magnetic field scale height hB2 shows a sim-
ilar behaviour to the synchrotron scale heights, however with a

19

Schmidt+ arXiv : 1907.03789
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Heesen+, arXiv:1907.07076NGC4565 seen with LOFAR: a diffusive CRE halo
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Heesen+ MNRAS 476,158 (2018) 
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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.

http://iopscience.iop.org/article/10.3847/2041-8205/827/2/L29/meta
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LOTSS
NGC3556
(A. Miskolczi)



CHANGES XII: N3556 (Miskolczi+, 2019)

spectral index
much better
described using
a wind profile for v
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Outlook: magnetic field structure
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.



Summary:

• 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

• 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
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Thank you

NGC 46666 Credit: Y. Stein, J. Englisch, A. Miskolczi
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LOTSS 20“                                                                                       NGC4013    SDSS

(A. Miskolczi)
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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

Remaining images (C array B array) are just 
released 
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„averaged“ radio continuum halosorted by SFR at common distance


