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NASA/WMAP

CIM Kick-off: Astrophysical Observations

Ralf-Jürgen Dettmar
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“structure formation“

Behroozi+ 2013
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Silk 2013

feedback
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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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ApJ 777, L16 (2013)
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Polarized emission (and angles):

I µ ∫ nCR B┴
1+α dl

Faraday rotation measures of the diffuse 

polarized emission:

RM µ ∫ ne B║ dl    and  c(l)= c
0
+RM. l2

What we can measure:
NGC 253  radiocontinuum study at  3, 6, 20, 90 cm (Heesen, Krause, Beck, Dettmar  2009 A&A) 
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Subaru

the prototypical galactic wind M82 (?)
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M82  in  X-rays / XMM (Wezgowiec, et al. in prep.) 
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example:  M82

Adebahr  et al. 2013, A&A

Transport of Cosmic Ray Electrons 

R.-J. Dettmar | CRC1491 kick-off | May 31, 2022

I µ ∫ nCR B┴
1+α dl

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

What we can measure: synchrotron emission from CR Electrons
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LOFAR Station  DE605 Jülich 
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Transport of Cosmic Ray Electrons

~0.1 mJy rms noise, 0.46Jy 
total flux (A. Miskolczi)
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A2: NGC 4449 at 150 MHz 

20” resolution (gray-scale) radio data with 
SDSS color image overlayed:
- Synchroton halo far beyond starforming
disk
- complex structures at low radio surface 

brightness

Continuum subtracted Hα image (gray-
scale) with 6” resolution radio data 
overlayed:
- bright synchroton emission correlates 
with

HII regions
- faint synchroton emission mostly follows 

diffuse Hα� filaments
Bomans, Chyzy, et al., in prep.

NGC 5775

Soida, Krause, Dettmar, Urbanik A&A 2011
Tüllmann, Dettmar, Soida, et al. A&A, 2000 364,L36
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NGC 5775

Soida, Krause, Dettmar, Urbanik A&A 2011, 531, A127
Tüllmann, Dettmar, Soida, et al. A&A, 2000 364, L36

NGC 5775 APOD 27.1.2021
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LOFAR HBA  10hrs  118-192 MHz   (Heald, Shridar + LOFAR MKSP)
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Heald+, A&A, 2021

best modeled by an accelerating wind 
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Ha image combined
with HST image
(D. Bomans)
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new observing techniques 
l Better calibration of interferometric data with strong off-axis sources (Peeling, 

Oosterloo, de Bruyn)
l Single-dish cleaning technique for high-dynamic range single dish imaging (strong 

sources observed with Effelsberg)
l Use of multichannel receivers for calibration and
l Rotation Measure-synthesis (demonstrated with WSRT data), f Faraday depth

F(f)   Faraday dispersion function
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Alves, Ferriere+2016

new observing techniques 
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Carlos Sotomayor (PhD Bochum 2014)

N3079 (WRST) 
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Cecil + 2002
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CHANGES:
Continuum HAlos in Nearby Galaxies
- an Evla Survey

PI: Judith Irwin, Kingston (ONT/CANADA)

Making use of the JVLA

35 edge-on galaxies

inclination > 75 deg
DEC >  25 deg
4 arcmin > D < 15 arcmin
flux > 23 mJy
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CHANGES result: stacked magnetic field

Krause+, 2020 A&A 639, A112
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possible solution by quadrupol halo field 
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general description of B-field:
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“the challenge“: 
Galactic magnetic field

Farrar
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NGC 3079  

CHANG-ES VIII: Irwin et al. –

uncovering hidden AGN-related structure in radio polarization

NGC 2992  

NGC 5792  

Faraday corrected by RM synthesis
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CHANG-ES V and CHANG-ES XI: 

Irwin et al.:  a TDE and circular polarization

Darray Cband – point source
Darray Cband (red contours) –
large red contour (10s) 

Carray Cband (black contours) –
show a small disk (2.8 kpc diam)

Note the optical cone

There is an unresolved AGN in this source 

that is variable – and Circularly Polarized at 

the 2% level.

NGC 4845 
in Virgo 
Cluster  
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VLBA observations of NGC4845

Perlman+ 2017, ApJ 842, 126
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Thank you for your attention 
Supported by DFG and  DLR


