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LOFAR Cycle 7 Observations

Blazars are active galactic nuclei with

a relativistic jet at a narrow angle to

the line of sight. 3C 273 is one of the

most heavily-researched blazars in

any waveband but it remains poorly

understood below 200 MHz due to a

lack of observational data.

Figure 1 shows an image of the jet

and the spectral energy distribution

(SED). The low-energy component is

synchrotron in origin. The high-

energy component is possibly due to

the inverse-Compton up-scattering

of cosmic microwave background

photons (IC/CMB) by the electrons in

the jet. Low frequency data, when

coupled with multiwavelength data,

can test this IC/CMB model.
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1. Map the spatial and spectral information of the knots in the jet of 3C 273. Study the distribution of low-

energy electrons and the magnetic field structure with unprecedented resolution.

2. Combine our results with multiwavelength information to constrain emission spectrum models, specifically

the inverse-Compton up-scattering of CMB background photons to higher energies (see Figure 3).

3. Study the origin of extended radio structure surrounding the jet.

This research will form the foundation for the extension of such studies to other astrophysical jet systems.

Figure 1 – (i) An image using Hubble Space Telescope data (620 nm) with VLA (15 GHz) contours. The knots are labelled. The similarities between the optical and radio data indicate a

correlation between the low and high energy components. The core is 13" to the left of knot A, with the direction of flow going from the left to the right. (ii) and (iii) show the SEDs for the

inner and outer knots, respectively. The data are fit with a double power-law where the low-energy component has an exponential cut-off. Figure adapted from Uchiyama et al. (2006).

Time on Source 
(h)

Frequency Range 
(MHz)

Resolution 
(asec)

8 120 – 168 0.41 – 0.21

8 30 – 78 1.65 – 0.66

• 3C 273 has never been studied at low-frequencies with high resolution, and low-

frequency data are necessary to constrain the synchrotron emission processes.

We are using our LOFAR data (see Table 1) to study the jet structure and spectra.

• Standard LOFAR operations utilise the Dutch stations only, producing images

with an angular resolution of ~6" at 150 MHz. As sub-arcsecond resolution is

required for this study, we are using the international stations (see Figure 2).

HBA analysis LBA analysis(as per Morabito et al., 2016)
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Figure 2 – The international LOFAR telescope. Credit: ASTRON Table 1 – The observational data taken in 2017.

Figure 3 – We will use low-

frequency data with multi-

wavelength data to constrain the

high-energy peak. The shape of

the IC/CMB spectrum matches the

synchrotron spectrum with a shift

in frequency and luminosity. Figure

adapted from Meyer et al. (2015). ν [Hz]
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