




Overview of Presentation

• Low Frequency Science!
!
• Overview of LOFAR!
!
• Observations of M51 with LOFAR HBA!
!
• Polarisation at low frequencies!
!
• Observations of M51 with LOFAR LBA















Observational Parameters

• 3C295 used as a calibrator 
!
• Dual beam observation 
!
• Frequency Range: 115.9 -175 MHz 
!
• 48.8 MHz of bandwidth on both calibrator and target 
!
• 8 hour observation













• Observe break in radio 
continuum profile 

!
• Expect to see a ratio of 

scale lengths between 
151 MHz and 1.4 GHz 

for diffusion to be 
1/1.74. 
!

• Expect to see a ratio of 
scale lengths between 
151 MHz and 1.4 GHz 

for streaming to be 
1/3.04. 
!

• Observe a of ratio 1/1.6, 
agrees with diffusion.

Propagation of Cosmic Ray Electrons 







• Integrated spectrum of 
M51 shows no signs of 
flatten down to 151 
MHz. 

!
• Able to fit a power law 

with a spectral index of 
-0.79. 

!
• LBA data is needed to 

see if flatten of spectral 
index occurs at lower 
frequencies.

Integrated Spectrum of M51

LOFAR 
151MHz



Spectral index map of M51 between 1.4 GHz and 151 MHz

Spectral Index Map Spectral Index Error Map



Spectral index map of M51 between 1.4 GHz and 151 MHz







• Observations of M51 with 
LOFAR LBA have taken 
place.!
!

• Preliminary image at 46 
MHz (1 MHz Bandwidth 
out of 36 MHz)!
!

• Noise is approx 43 mJy/
beam

M51 LBA Observation



• Integrated flux found to 
be approx 10 Jy.!

!
• In agreement with 

Israel & Mahoney 
(1990)!

!
• Flattening of the 

spectral index is 
becoming important 
below 100 MHz.

LOFAR LBA 
45MHz

Updated M51 Integrated Flux

LOFAR 
151MHz



Conclusions
• M51 is the first galaxy to be observed with LOFAR and is the first 

time an external galaxy has been observed below 300 MHz at this 
sensitivity and resolution.!

!
• Diffusion is seen to be the dominant process of CRE propagation in 

the star forming region of M51.!
!
• We see evidence of free-free absorption in regions which correlate 

with HII regions.!
!
• M51 was not detected in polarisation due to extreme depolarisation.!
!
• Detected 6 extragalactic sources in the field, giving a number 

density of 1.7 per degree. This means using LOFAR to probe 
galaxies via RM grids will difficult.!

!
• Preliminary images with LOFAR LBA show that flattening of the 

spectral index is becoming important below 100 MHz.!


