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LOFAR AND LONG BASELINES
‣ 38 stations in the Netherlands 

‣ 14 “international” stations, 3 in Poland 

What can we achieve with long baselines? 

✓ ~0.3” resolution at 150 MHz 

✓  The IS cover a larger geographic area with 
respect to the CS and RS 

But, it is not all sunshine and rainbows!
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LOFAR-VLBI ISSUES AND SOLUTION
• Bad ionospheric effects, and different throughout the IS 

• Offsets in clock values 

• IS have different station beams with respect to CS and RS, limited FoV 

• Dispersive delays introduced by the ionosphere 

• Source structure of the calibrators 

• Huge amount of data

And so, how can we use them?

https://github.com/lmorabit/lofar-vlbi



ABELL 2255
Abell 2255 is a nearby (z=0.0806) merging 
galaxy cluster 

It shows a complex morphology from a 
radio point of view, with the presence of 

‣ a radio halo

Govoni et al. (2005)
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ABELL 2255
Abell 2255 is a nearby (z=0.0806) merging 
galaxy cluster 

It shows a complex morphology from a 
radio point of view, with the presence of 

‣ a radio halo 

‣ a radio relic  

‣ several radio galaxies embedded in the 
cluster environment

Govoni et al. (2005)



ABELL 2255

Deep LOFAR observations made by Botteon et 
al. (up to 75h in 2022) revealed 

‣ High complexity of the radio emission on 
multiple scales 

‣ Radio synchrotron emission distributed on at 
least 5 Mpc scales 

‣ Additional relics detected in northwest and 
southwest peripheral regions 

           But what about radio galaxies?
Adapted from Botteon et al. (2022)



ABELL 2255 - RADIO GALAXIES

Adapted from Harris et al. (1980)

Embryo

Beaver
Double Original TRG

Goldfish

1415 MHz maps of A2255 with WSRT at 25”x28” 

Adapted from Botteon et al. (2020)



ABELL 2255 - RADIO GALAXIES

Adapted from Govoni et al. (2006)

3.6 cm contours of A2255 with VLA at 1” 

Embryo Beaver Double Original TRG

σ = 13 µJy/beam



DATA CALIBRATION …
We inspected 4x8h nights (32h in total) with LOFAR HBA stations . For each night: 

‣ PREFACTOR on calibrator and target for direction-independent effects 

‣ DDF-PIPELINE for direction-dependent effects 

‣ LOFAR-VLBI pipeline (Morabito et al., 2022) 

- Delay-Calibration.parset on the delay calibrator 

- Split-Directions.parset for each source that we want to image



… AND IMAGING
‣ The Original TRG and the Double were self-calibrated using the LOFAR_FACET_SELFCAL 

script from van Weeren et al. (2021), pre-applying the solutions found for the delay calibrator 

‣ The other sources were not enough bright, so we just applied the solutions from the delay 
calibrator and imaged them with WSClean 

‣ The four nights of observation per source are put together directly at the self-calibration/
imaging step 

We present here the first sub-arcsecond resolution images of the 5 aforementioned radio 
galaxies, with 32 hours of observation, obtained with LOFAR-VLBI, compared with the lower 
resolution observations taken from Botteon et al. (2022) with 75 hours



LOFAR-VLBI INSIGHTS: DOUBLE
The “Double” is an FRII radio galaxy with a total 
extension of about 50 kpc 

It is located near the cluster centre

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)



LOFAR-VLBI INSIGHTS: DOUBLE

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 0.33”x.0.24”, σ = 26 µJy/beam



LOFAR-VLBI INSIGHTS: ORIGINAL TRG
The “Original TRG” has a NAT structure and is 
located, in projection, quite near to the cluster 
centre 

It is well extended in the N-E direction, and 
shows the presence of a tail with a complex 
structure that has been observed with LOFAR

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)



LOFAR-VLBI INSIGHTS: ORIGINAL TRG

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 0.45”x.0.32”, σ = 26 µJy/beam



LOFAR-VLBI INSIGHTS: GOLDFISH
The “Goldfish” is a NAT radio galaxy located just 
beside the “Original TRG”.  

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)



LOFAR-VLBI INSIGHTS: GOLDFISH

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 1.89”x.0.86”, σ = 75 µJy/beam



LOFAR-VLBI INSIGHTS: BEAVER
The “Beaver” is a NAT located in the southern 
part of the cluster, at ~1.6 Mpc from the cluster 
centre, with a tail that extends over a Mpc before 
fading into the cluster halo

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)



LOFAR-VLBI INSIGHTS: BEAVER

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 1.05”x.0.65”, σ = 33 µJy/beam



LOFAR-VLBI INSIGHTS: EMBRYO
The “Embryo” is a WAT radio galaxy that extends 
for around 290 kpc and is located in the western 
direction of the cluster, at around 1.5 Mpc from 
the centre

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)



LOFAR-VLBI INSIGHTS: EMBRYO

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 0.68”x.0.53”, σ = 26 µJy/beam



SUMMARY
‣ We want to focus on A2255 radio galaxies at sub-arcsecond resolution combining multiple 

nights of LOFAR observations 

‣ 5 main cluster-member radio galaxies have been selected 

‣ LOFAR HBA data have been calibrated for DIE and DDE  

‣ LOFAR-VLBI pipeline by Morabito et al. (2022) for IS calibration 

‣ Split direction for five cluster member radio galaxies 

‣ We obtained the first sub-arcsecond resolution images of 5 radio galaxies embedded in 
A2255 with 32h of observations



STILL A LOT OF WORK TO DO
‣ These are “just” 32h: potentially we have up to 300h of LOFAR observations, in order to have a 

unique deep vision of these structures 

‣ We want to investigate other interesting sources in the A2255 field, both active and non-active 
(like jellyfish galaxies, see Ignesti et al., 2023) 

‣ Perform a spectral index analysis, using data at high resolution from JVLA (see Govoni et al., 
2006) 

‣ Comparison with models in order to explain the filaments observed in the “Original TRG”, as 
well as the hotspot morphology of the “Double”

Stay tuned!





LOFAR-VLBI INSIGHTS: DOUBLE

LOFAR 144 MHz image at 0.33”x.0.24”, σ = 26 µJy/beam

5σ



LOFAR-VLBI INSIGHTS: ORIGINAL TRG
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LOFAR-VLBI INSIGHTS: ORIGINAL TRG

LOFAR 144 MHz image at 4.7”x3.5”, σ = 55 µJy/beam
(adapted from Botteon et al., 2022)

LOFAR 144 MHz image at 0.45”x.0.32”, σ = 26 µJy/beam


