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Synchrotron emission |

Cosmic ray electrons with a N( E) _

power-law energy spectrum

In a volume with a magnetic field B
lead to a power-law synchrotron spectrum

Magnetic
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with spectral index:

a=(8-1)/2

N

piraling
lectrons




Magnetic field

%% Minimizing the total energy content or
assuming energy equipartition allows to

estimate magnetic field:

B, oc((k+1)1,/L)"**

Beck & Krause (2005)

3 Linear polarization measures the intensity of the resolved ordered
field in the plane of the sky can be derived.

3¢ A linearly polarized radio wave is rotated, by the Faraday effect
In the passage through a magnetized medium, of an angle

o= RM A2

This effect gives us another method of studying magnetic fields
— their regular component along the line of sight.
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LOFAR freq — small thermal component — small uncertainties



Barred and non-barred |

NGC 4736 (Chyzy & Buta, 2008)
Polarized intensity @ 8.6 GHz

contours overlaid on Ho image
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NGC 1365 (Beck et al., 2005)
Total intensity (contours)

and B-vectors @ 4.8 GHz

on optical image



Irreqular and edge-on
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NGC253 (Heesen, 2009)
Total radio intensity (colour) and
B-vectors @ 4.8 GHz

M33 (Tabatabaei, 2013)
Total radio intensity (colour) and
B-vectors @ 8.4 GHz



Antennae (NGC4038/39) |

NGC4038

Chyzy & Beck (2004)

NGC4039
core

Relic spiral arms

Overlapping region
No star formation

Coherent magnetic field structure
tracing the line of collision between t
he arms of the merging spirals.



Antennae simulations I
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Virgo cluster's spiral galaxies

NGC 4501

NGC 4654

A v < 600 kms™!
& 600kms1<1v<1300kms™?
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$22000kms<u

Pfrommer et al. 2010
Yellow arrows = projected orientation of the magnetic field




Virgo cluster's spiral galaxies

NGC4535 (Wezgowiec et al. 2007)
Polarized radio intensity (contours)
and B-vectors @ 4.8 GHz

Indication for shear by tidal tails
or ram pressure by the ICM

NGC4569 ( Chyzy et al. 2006)
Polarized radio intensity (contours)
and B-vectors @ 4.8 GHz

Highly polarized radio lobes
probably the result of past
nuclear activity induced by
Interaction.



Leo Triplet

Distance ~ 10 Mpc

NGC3627 barred spiral
NGC3628 edge-on
NGC3623 highly inclined spiral
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Wezgowiec et al. (2012) suggested that the unusual magnetic field
observed could be the result of a past collision with a dwarf galaxy.



LOFAR |

LOw Frequency ARray is an international telescope built by
a consortium of Institutes in the Netherlands, Germany, UK,

France and Sweeden.

@ 46 Stations throughout Europe
38 LOFAR NL

Map | Satellite
s Boras &
¥ 2 Jonkoping Vig
2 C wer &> Gothyfiburg
4 Core Arra b
Aberdiel Aalbor
otlapd o e
H‘TH Béﬂ“ e
almar
a
T th o Dundee North Sea T Vihoray e
+k Holstebro =
Sdkeﬂ!‘lurg o0 5
| 2 Ringhobingd  peri 9 elsingbora kristianstad
asgow~BEdinburgh Heming Aarhus o o
2 Copenhagen
| svadeDenmark M Yetad
= Sebiero Od:nse i
United
Ux o Sunderland
Kingdom T
. Slupsk G
Kiel K |
o d
£ Man Rostock St C
= Iaclépoo\ Leeds thceck 9
o 0 o Stade i
: > Police
Mabchesiel fdl _‘3 remerhaven o “ ~oHamburg Pasewalko \EC? 4
0 oSheffield
Liverpool f Bremen Szczecin Pga Bydggs
Stoke-on-Trento Nottingham 2 Gorzow
Derby = :m i erlin W[Elk%polska P
: Poznan
England Am“grdam Hanover  giegiitz-zehlendo o o
o
Bielefeld Brunswick —©Magdeburg
ales TheHague® Natherlands 9
: Breda
Bristol London o o i;\' Blren Halle
Carodn‘i it T"“ 7 gt 2 Antwert\ - Duisburgd oEssen & o, Rgsa
paa GDusseldorf @Laipzng Wrog\aw
i SDU“"%’“D‘OF‘ LGhentO &ox Ge rma I’ly Chemnitz oDresden Bso
9 Weymouth BT T Llé\a ; L&i @azemmm O Zm?ka: Ziebice o)
dTorquay Belgium ¢ e o
lymouth fginbachtal Fran[i}(furl Prague ~—’Katc
a ~
U \ % 05t I
o Amiens Luxembourg Plzena-Czech Republic
Le Havre Nuremberg
Guernsey Caen . Bois-Guilaume Hegﬂs 9 < Brno
Jersey. o : vk bej 51ad @
P%rls Karl3fuhe o Stuttgart 0
1 oMorlaix Toul-@Nancy o3 A @ Passau
o t Troyes Strashourg Tubingen (lz ugsburg Linz enhal Lo S
iz8 ergnes Le Mans Freiburg ulm o wii o
o o LR Munich _Salzburg-"%" Bratislava
Quimper oflleans G“
o
Lorient - 2Vannes Angers T, B ich A tri i
ours T asel Zurich ustria G
Saint-Nazaire ~chenie [ Dijon 5 o) ?W“\Wll‘en s
o 4 o

Nantes

o Eat r Graz
Map data ©2014 Basarsoft GeoBasis-DE/BKG [£2009) Google. basado en BCN IGN Espafia - TermsofUse | Reporta map ermor



LOFAR antennas

@ Low Band Antennas
LBA :10—90 MHz
simple dipoles

@ High Band Antennas
HBA : 110—240 MHz
tiled array




Low frequency challenges | ~ @Bright sources

anay of x-dipoes, calibrated

@ Radio interferences
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LOFAR image of M51

The deepest image obtained so far for any galaxy in the low frequency regime

Mulchay et al., 2014




LOFAR image of Leo Triplet

Preliminary image @ 150 MHz
Bandwidth ~ 8 MHz

res ~ 50 arcsec

rms ~ 4 mJy/beam

rms is going to decrease
using the full bandwidth (64 MHz)
and the full time on source
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Paladino et al.



LOFAR image of Leo Triplet

NGC3628

NGC3623

Paladino et al. NGC3627




Conclusions

Polarized radio emission is an excellent tracer of tidal effects
between galaxies and of ram pressure in the ICM.

The decompression and diffusion timescales of the field are
very long: it keeps memory of events in the past, up to the
lifetime of the illuminating cosmic-ray electrons.

Tidal tails from interacting galaxies may also constitute a
significant source of magnetic fields in the intracluster and
intergalactic media.

High sensitivity and resolution observations are needed.

LOFAR and SKA are key instruments for these observations.

Gracie,



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

