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● Motivation for the study
● Target-1

○ J0644+1043, S-shaped GRG
● Target-2

○ J2145+8154, a 3 Mpc GRG
● Secondary goals
● Future perspective
● Conclusion and Summary

Outline
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Motivation
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Giant Radio galaxies (GRG)

Dabhade at al 2023

Radio Galaxy (RG) > 700 kpc → GRG.
Largest known GRG ~ 7 Mpc

4
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Giant Radio galaxies (GRG)

Radio Galaxy (RG) > 700 kpc → GRG.
Largest known GRG ~ 7 Mpc

Sethi et. al. in prep
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Giant Radio galaxies (GRG)

Radio Galaxy (RG) > 700 kpc → GRG.
Largest known GRG ~ 7 Mpc

1. Low-dense environment.
2. Powerful AGNs.
3. Recurrent activity
4. Late stage of radio galaxies.
The formation is solely not depends on only one factor but combination those.

Why some RGs are 
exceptionally large ?

Sethi et. al. in prep
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Giant Radio galaxies (GRG)

Radio Galaxy (RG) > 700 kpc → GRG.
Largest known GRG ~ 7 Mpc

1. Low-dense environment.
2. Powerful AGNs.
3. Recurrent activity
4. Late stage of radio galaxies.
The formation is solely not depends on only one factor but combination those.

Why some RGs are 
exceptionally large ?

Recurrent activity

Sethi et. al. in prep
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Recurrent activity in GRGs
A few percent of GRGs show multiple episodes of  activity, few examples below.

Sethi et. al. 2025, A&A L

Konar et. al. 2006 Machalski et. al. 2010
J1328+2752, LoTSS 

DR3
Dabhade et. al. 2025, A&A
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3C 236 with a mini inner double

1 Mpc
LoTSS DR3
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3C 236 with a mini inner double

1 Mpc
LoTSS DR3
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3C 236 with a mini inner double

1 Mpc

Schilizzi et. al. 2001

Mini “inner double” at 
sub kpc scale

LoTSS DR3

https://www.researchgate.net/scientific-contributions/R-T-Schilizzi-49427528?_sg%5B0%5D=Qb5yV7CXbDthi8wbag96XLpddDPWmiu4Ly0GfMe5kKizLlhGnHBBZUCfgSbbh-tV3qmyHq8.Swk1M1BCzxpL779gQReiXIECStB-DFVLCob0aWTNeQ3bDX63BIMbL3Cd9h7cN2PsiKWy27kn9pUnrCTpiPghxw&_sg%5B1%5D=aL0rzy5y3DwkZKl4xyvSZUAWvr1US2sfbSbB8DcV5RRgbBAglLfT83dRfs4AGNN4yZKmmqs.e3RukzEWslDT8abn8kGXdwhSt2QvwFs7s0Huc5Abo18KZm7lzG7LamnloEvVe1dM0ZMDs8cxKn0smcm6Na9azg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
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Advantage of LOFAR-VLBI for studying restarted activity in GRGs

1. Resolution comparable to 
Optical Survey

3C 273, 144 MHz ILT + HST  (Harwood et al.,2022)
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Advantage of LOFAR-VLBI for studying restarted activity in GRGs

1. Resolution comparable to 
Optical Survey

3C 273, 144 MHz ILT + HST  (Harwood et al.,2022)

2. Spatially resolved spectral indices and 
ages at sub arcsecond resolution with 

LOFAR-VLBI & VLC C Band (5 GHz)

Spatially resolved spectral indices and 
ages of 4C 43.15 (Sweijen et al. 2022)
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J0644+1043: S-shaped GRG
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J0644+1043 Size = 711 kpcSpec z = 0.0489

uGMRT 650 MHz observation (Sethi et al 2024, ApJ )

6 arcsec, 30 uJy/bm

1 arcmin = 50 kpc

Size = 12 amin

15
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J0644+1043 Size = 711 kpcSpec z = 0.0489

uGMRT 650 MHz observation (Sethi et al 2024, ApJ )
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1 arcmin = 50 kpc

Size = 12 amin
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6 arcsec, 30 uJy/bm
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J0644+1043 Size = 711 kpcSpec z = 0.0489

uGMRT 650 MHz observation (Sethi et al 2024, ApJ )
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Dedicated LOFAR observation (PI: Sagar Sethi)

10 arcsec, 90 uJy/bm

1 arcmin = 50 kpc
1 arcmin = 50 kpc

Size = 12 amin

17

6 arcsec, 30 uJy/bm
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1 arcmin = 50 kpc

WL

EL

Jet



 Topic - Kpc jets in a  GRGs with LOFAR  and LOFAR VLBI                                SAGAR SETHI, LFM 2026, Dublin 10th June

A low-power FRII RG ?

 FR I features in SGRG:
● Total radio power (1.4 

GHz) ~ 5.92 × 1024 W/Hz
● Kinetic jet power (150 

MHz) ~ 2.01 × 1042 erg/sec

Eastern hotspot region

Western plateau region

FR II features in SGRG:
● Collimated narrow jet and 

counter jet
● Eastern hotspot
● Jet knots

19
(Sethi et al 2024, ApJ )
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A low-power FRII RG ?

 FR I features in SGRG:
● Total radio power (1.4 

GHz) ~ 5.92 × 1024 W/Hz
● Kinetic jet power (150 

MHz) ~ 2.01 × 1042 erg/sec

Eastern hotspot region

Western plateau region

The most interesting case is, its 100 kpc twin jet.

FR II features in SGRG:
● Collimated narrow jet and 

counter jet
● Eastern hotspot
● Jet knots

(Sethi et al 2024, ApJ )
20
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LOFAR 144 MHz HBA (10 arcsec)

uGMRT 650 (6 arcsec)

Low frequency observations

100 kpc twin jet

30 uJy/bm

90 uJy/bm
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LOFAR 144 MHz HBA (10 arcsec)

uGMRT 650 (6 arcsec)

Dedicated Low frequency observations

100 kpc twin jet

VLA B-Array, S-band, 3 GHz (3 arcsec)

Dedicated VLA observations

VLA B-Array, C-band, 5 GHz  (0.7 arcsec)

90 uJy/bm

30 uJy/bm

7 uJy/bm

5 uJy/bm
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LOFAR 144 MHz HBA (10 arcsec)

uGMRT 650 (6 arcsec)

100 kpc twin jet

VLA B-Array, S-band, 3 GHz (3 arcsec)

Dedicated VLA observations

VLA B-Array, C-band, 5 GHz  (0.7 arcsec)

LOFAR-VLBI 

90 uJy/bm

30 uJy/bm

7 uJy/bm

5 uJy/bm

Dedicated Low frequency observations
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For the S-shaped GRG LOFAR observation has international stations 
(LC18_026, PI- Sagar Sethi)

2. Used the recipe provided in the LOFAR-VLBI wiki and FLoCS webpage.
3. Frits’ LoFAR Containers (FLoCS) used.
4. Data reduction →

a. HPC available for LOFAR-VLBI in UWM, Olsztyn
b. A separate PLgrid HPC grant (PI- Sagar Sethi), Krakow. 

5. I have done the entire setup for the data reduction.
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For the S-shaped GRG LOFAR observation has international stations 
(LC18_026, PI- Sagar Sethi)

2. Used the recipe provided in the LOFAR-VLBI wiki and FLoCS webpage.
3. Frits’ LoFAR Containers (FLoCS) used.
4. Data reduction →

a. HPC available for LOFAR-VLBI in UWM, Olsztyn
b. A separate PLgrid HPC grant (PI- Sagar Sethi), Krakow. 

5. I have done the entire setup for the data reduction

● Total Observation- 16hrs 
● Total Observation (with ILT)- 4hrs
● Total station  (ILT, 4hrs)- 49
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For the S-shaped GRG LOFAR observation has international stations 
(LC18_026, PI- Sagar Sethi)

2. Used the recipe provided in the LOFAR-VLBI wiki and FLoCS webpage.
3. Frits’ LoFAR Containers (FLoCS) used.
4. Data reduction →

a. HPC available for LOFAR-VLBI in UWM, Olsztyn
b. A separate PLgrid HPC grant (PI- Sagar Sethi), Krakow. 

5. I have done the entire setup for the data reduction

● Total Observation- 16hrs 
● Total Observation (with ILT)- 4hrs
● Total station  (ILT, 4hrs)- 49

Calibrators used during observation
1. 3C48
2. 3C295
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Timmerman's talk from 1st day
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Workflow

Download 
the data

28

Pre-LINC
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Workflow

Download 
the data

LINC run on 
Calibrator

LINC run on 
Target

29

LINCPre-LINC
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Workflow

Download 
the data

LINC run on 
Calibrator

LINC run on 
Target

30

VLBI Delay 
Calibration

Split
Direction

LINC PILOTPre-LINC
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Workflow

Download 
the data

LINC run on 
Calibrator

LINC run on 
Target

31

VLBI Delay 
Calibration

Split
Direction

Imaging 
with 

WSclean

LINC PILOTPre-LINC
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Problem with VLBI-delay calibration for this field

1. The nearest LBSC source is 2.3 degree away (requires less than 1 degree away).
2. This part skipped in LoTSS DR3.
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Problem with VLBI-delay calibration for this field

1. The nearest LBSC source is 2.3 degree away (requires less than 1 degree away).
2. This part skipped in LoTSS DR3.

Frits talk from 1st day 



 Topic - Kpc jets in a  GRGs with LOFAR  and LOFAR VLBI                                SAGAR SETHI, LFM 2026, Dublin 10th June 34

Problem with VLBI-delay calibration for this field

1. The nearest LBSC source is 2.3 degree away (requires less than 1 degree away).
2. This part skipped in LoTSS DR3.

Target location in the sky 

CONE NEBULA

NGC 2264

CHRISTMAS TREE  
STAR CLUSTER

Position of Target

DSS2 colored image of the area near the target

The source is present in a crowded region of the galactic 
centre.

Galactic lat = 3.2o 
“Zone of avoidance”
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1. Manually I ran pybdsf on my LOFAR image.
2. I tried out 2 nearby compact sources and manually ran VLBI delay. 

But the phase scores are not good.

Problem with VLBI-delay calibration for this field
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1. Manually I ran pybdsf on my LOFAR image.
2. I tried out 2 nearby compact sources and manually ran VLBI delay. 

But the phase scores are not good.

1st one
Source_id = ILTJ064310.6+112546
Total_flux = 759.3
Peak_flux  = 689.8
Distance   = 0.73 deg

phase_score': 
0.0032694544282070685

2nd
Source_id  = ILTJ064448.74+105121.7
Total_flux = 283.4 mJy
Peak_flux  = 225.2 mJy
Distance     = 0.21 deg

phase_score': 
0.01191600737935947

Problem with VLBI-delay calibration for this field
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1. Manually I ran pybdsf on my LOFAR image.
2. I tried out 2 nearby compact sources and manually ran VLBI delay. 

But the phase scores are not good.

1st one
Source_id = ILTJ064310.6+112546
Total_flux = 759.3
Peak_flux  = 689.8
Distance   = 0.73 deg

phase_score': 
0.0032694544282070685

2nd
Source_id  = ILTJ064448.74+105121.7
Total_flux = 283.4 mJy
Peak_flux  = 225.2 mJy
Distance     = 0.21 deg

phase_score': 
0.01191600737935947

Problem with VLBI-delay calibration for this field

The ILT reduction near galactic region still problematic. 
(as we seen in the Frits’ talk on the first day). 
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Bad phase solutions for international stations
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J2145+81: GRG with size 3 Mpc
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Size ~ 3Mpc

Spec z = 0.146

Size = 20 amin

J2145+81

VLA1.4 GHz (Palma et. al. 2000)

20’
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(Palma et. al. 2000)  uGMRT 650 MHz LOFAR 6” LOFAR 20”  VLA 5GHz, 15” 

Multi-frequency radio continuum maps of this 2.9 Mpc GRG from our dedicated LOFAR, uGMRT and VLA observations. 

rms=      30uJy/bm                  30uJy/bm             70 uJy/bm                 120uJy/bm                          9uJy/bm
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For this GRG LOFAR observation has international stations 
(LC17_010, PI- Sagar Sethi)

● Total Observation- 8hrs 
● Total Observation (with ILT)- 8hrs
● Total station  (ILT, 4hrs)- 51

Calibrators used during observation
1. 3C48
2. 3C295
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For this GRG LOFAR observation has international stations 
(LC17_010, PI- Sagar Sethi)

● Total Observation- 8hrs 
● Total Observation (with ILT)- 8hrs
● Total station  (ILT, 4hrs)- 51

Calibrators used during observation
1. 3C48
2. 3C295

We attempted again here 
for the LOFAR-VLBI data 
reduction
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LOFAR-VLBI data reduction Follow: LOFAR-VLBI wiki, 
FLoCS webpage

1. For this GRG LOFAR observation has international stations 
(LC17_010, PI- Sagar Sethi)

● Total Observation- 8hrs 
● Total Observation (with ILT)- 8hrs
● Total station  (ILT, 4hrs)- 51

Calibrators used during observation
1. 3C48
2. 3C295

VLBI-delay 
calibration is 
successful
Phase_score':
0.9672074623350148

We attempted again here 
for the LOFAR-VLBI data 
reduction
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Same workflow followed

Download 
the data

LINC run on 
Calibrator

LINC run on 
Target

45

VLBI Delay 
Calibration

Split
Direction

Imaging 
with 

WSclean

LINC PILOTPre-LINC
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Successfully I made a preliminary postage stamp 0.6 
arcsec resolution image of the core this 3 Mpc GRG.

rms = 40 uJy
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LOFAR 6 and 20 arcsecond images

Togather LOFAR and LOFAR-VLBI completes the picture, i.e.
tracing a radio jet from Mpc to sub-kilo parsec scale this GRG.
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LoTSS HR style postage stamp imaging of sources around

The entire LoTSS observation 
field is 8 x 8 degree
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LoTSS HR style postage stamp imaging of sources around

Median rms = 30-50 uJy
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Tracing galaxy scale radio jets

LOFAR 6 arcsec image overlay on PanSTARRS LOFAR-VLBI 0.6arcsec image overlay on PanSTARRS
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Identifying the optical host of RGs/GRGs

LOFAR 6 arcsec image overlay on PanSTARRS LOFAR-VLBI 0.6arcsec image overlay on PanSTARRS
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Future perspective
● Scientific

○ Try to reduce the LOFAR-VLBI data for S-shaped GRG
○ VLA C Band (~0.3 asec) observation → constraint the duty cycle
○ Go for the full sample of GRG
○ Constraint the duty cycle

● Technical
○ Self-calibration and finalising the images
○ Beginner to LOFAR-VLBI need to understand more- 

wide-field imaging.

Thank you


