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Motivation

Galaxies with AGN-Starburst composite nuclei, in particular Seyfert galaxies, like e.g.

NGC 1068, are candidates for high energy processes, most remarkably, neutrino emis-

sions. The study of the magnetic field strength and structure in these cores aids us

in understanding the transport of cosmic ray and non-thermal outflows. NGC 3079, a

Seyfert 2 galaxy, which exhibits a nuclear blow-out similar to the Galactic Fermi-bubbles,

is a source of interest and candidate of neutrino emissions. Understanding the origin of

the nuclear blow-out in addition, is helpful in gaining insights in the interplay between

neutrino emission, cosmic rays, magnetic fields, and star-forming activities of the galaxy.

The CHANG-ES Data

ContinuumHalos in NearbyGalaxies - an EVLASurvey (CHANG-ES) is a survey that maps

the radio continuum halos of a sample of 35 edge-on spiral galaxies in all polarization

products in L- and C-bands. With this data, we intend to investigate physical conditions

and origins of halos, characterize cosmic-ray transport, measure Faraday rotation andmap

the magnetic field. With the newly collected S-band data (PI: Y. Stein), we aim to bridge

the emission components originating from star-forming regions, AGN, and aged electrons

in the galaxy halos. Currently available data can be accessed on the official CHANG-ES

website (https://projects.canfar.net/changes/).

NGC 3079 through the radio continuum

10h02m12s 06s 00s 01m54s 48s

55°42'00"

41'00"

40'00"

39'00"

RA (J2000)

De
c 

(J2
00

0)

NGC 3079 at 144 MHz

0.001

0.000

0.001

0.002

0.003

0.004

Jy
 b

ea
m

1

(a) LoTSS DR2 144MHz Stokes I image
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(b) VLA L-band Stokes I image
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(c) VLA S-band Stokes I image
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(d) VLA C-band Stokes I image

Figure 1. Multifrequency Stokes I maps of NGC 3079, with left to right: LoTSS DR2 144MHz, VLA L-band (1.4GHz), VLA S-band (3.0GHz), VLA C-band (5.0GHz) Stokes I images

The data were all imaged using the software wsclean, and self-calibrated using NRAO’s casa software. With the exception of the LoTSS image, imaged with a robust Briggs weighting

of 0 and at a resolution of ∼ 6′′, all VLA data were imaged using a robust Briggs weighting of -2. The VLA Stokes I maps have beams of ∼ 3′′, ∼ 5′′, ∼ 9′′ for L-band, S-band, and C-band,

respectively. Total flux density values within 3σ contours measure at 3.3 ± 0.10Jy, 800 ± 10mJy, 600 ± 10mJy, and 350 ± 10mJy for each of the maps at 144MHz, 1.4GHz, 3.0GHz, and

5GHz respectively. The radio emission of the galaxy extends to around 10 − 13kpc in all available data and the North-Eastern, bubble-shaped lobe is prominent throughout.

Spectral index and magnetic field strengths maps
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NGC 3079 BL-CS spectral index map
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Figure 2. Pixel-wise spectral index map constructed

from the VLA L-Band and VLA S-Band Stokes I

images

Pixel-wise spectral index maps where

calculated using S-band, C-array data and

L-band, B-array data after thermal emission

correction using Hα maps. The magnetic

field strength was calculated using the

equipartition assumption as in Beck &

Krause (2005). To capture AGN and

starburst physics, two different K0 factors

(proton-to-electron number density ratio)

were used: K0 = 10 to account for an AGN

with a turbulent magnetic field and

K0 = 100 for the starburst respectively.
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(a) K0 = 10
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(b) K0 = 100

Figure 3. Magnetic field strength using the Equipartition assumption with K0 = 10 and K0 = 100

On the magnetic field structure
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Figure 4. Rotation measure map overlayed with

magnetic field vectors

The Polarised Intensity map was

constructed after cleaning and correcting

for foreground rotation and the

polarization angle was calculated using

something. Fig. 5 shows the magnetic field

vectors, obtained from the polarisation

angle, overlayed with a map of the

polarised intensity at contours of 5σ.

Rotation measure analysis was conducted

using the tool rmsynth3D, from CIRADA

rmtools after constructing Stokes -Q and

-U cubes using wsclean. The Faraday
depth ranges between

−40radm−2 < Φ < 40radm−2. To the left,

Fig. 4 shows the rotation measure of the

galaxy overlayed with the magnetic field

vectors with contours of the polarised

intensity at a resolution of 9.50′′.
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Figure 5. Polarisation intensity map overlayed with

magnetic field vectors

Discussion

Visible flattening of the spectral index in the central region of the galaxy indicates a

possible constrain on the AGN.

Magnetic field strengths of several tens of µG throughout the galaxy, with higher

field strength values in the center using K0 = 10.
Magnetic field orientation within the bubble-shaped lobe aligns with the direction

of the bubble’s extent. Radio lobe structure visible throughout the radio continuum

a possible Fermi bubble.

Future perspectives

Constrain the origin of the bubble structure, cross-checking with hard unabsorbed

X-ray and γ-ray data and observations, in the frame of neutrino emission source as

in Kun et al (2024).

Implement several-zone model with regards to the choice of K0 for the magnetic

field strength calculation to account for turbulent and magnetic fields within the

starburst, galaxy bubble, and AGN regions.

Conduct similar analyses for other edge-on sources showing circular polarization as

sources hosting an AGN, and using in addition higher resolution data if available.

Contact me: cmele@astro.ruhr-uni-bochum.de
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