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Double-Double Radio Galaxy 
(DDRG)

❖Radio galaxies come in many forms, and each 
morphology carries physical information. 

❖Bent, twisted, X-shaped or restarted structures trace jet 
history, host motion, and environmental forces. 

❖Their shapes are therefore not just classifications, but 
diagnostics of AGN evolution, feedback and the cosmic 
environment.

Radio Galaxies: Shapes as Clues to Cosmic Physics 

When Jets Write Their History in the Sky



Radio Galaxies Span Enormous Scales: Compact Jets to Megaparsec Giants

❖Radio galaxies are not only diverse in shape, but also in scale, from compact young 
jets to structures extending across megaparsecs. 

❖Their size reflects a balance between jet power, lifetime, environment, duty cycle 
and projection. 

❖Small sources may reveal the birth or frustration of jets (PS), while large sources 
trace long-lived activity and the ability of jets to survive through the circumgalactic 
and intergalactic medium. 

❖At the extreme end lie giant radio galaxies, where black-hole activity imprints itself 
on scales comparable to ~cosmic-web structures.
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Giant radio galaxies by Richard G. Strom, George K. Miley and Jan Oort  

Scientific American 1975





Review Article

Dabhade, Saikia, & Mahato 2023, 
 Review article (JApA, V44, 1) 

Summarising ~50 years research & 
future directions with SKA

Special Issue on ‘‘Indian Participation in the SKA’’
https://www.ias.ac.in/Journals/Journal_of_Astrophysics_and_Astronomy/Indian_Participation_in_the_SKA



“Giant radio galaxies” “Megaparsec scale”



GIANT RADIO SOURCES 
Giant radio galaxies (GRGs) 
Giant radio quasars (GRQs) 
Giant radio sources (GRS)



Hosted by very powerful AGN ?

Growth only in 
sparse environment ?

Recurrent activity ?

















LOFAR High-Band Array (HBA)  
observations of the  
Herschel-ATLAS  

North Galactic Pole Field

Earliest Giants from LoFAR

Freq: 126-173 MHz 
Sky Area: 142 sq deg 
Resolution: 10” x 6”  

Rms:  ~ 0.1 - 2 mJy/beam 

Hardcastle et al. 2016 
MNRAS



LOFAR Multifrequency Snapshot Sky Survey (MSSS)

UGC 9555

Clarke et al. A&A 601, A25 (2017)

LOFAR 142 MHz, 3.8’ , 30 mJy/beam

~40’ 
2.5 Mpc



LOFAR Multifrequency Snapshot Sky Survey (MSSS)

Clarke et al. A&A 601, A25 (2017)

~40’ 
2.5 Mpc

LOTSS-DR3

UGC 9555



Shimwell et al. 2019

Giants in LoTSS (era)

LoTSS DR1 (Hetdex)

~424 sq deg 
~5” 
~100 microJy/beam

HBA: 120-180 MHz (144 MHz)

✓ Ideal for finding diffuse lobes, relic emission and low-surface-brightness bridges.



Discovery of 225 new Giant Radio Galaxies using LoTSS DR1 
(Largest sample at the time)

A total of 239 GRGs were found 
in ~ 424 degree2 area using 

LoTSS, which is just 2% of the 
total survey that eventually 

covered northern sky ! 

Visual inspection



Discovery of 225 new Giant Radio Galaxies using LoFAR

Dabhade et al. 2020a | A&A 635, A5

Not that rare!?

LoTSS-DR1 GRG output

•~16% hosted by quasars 
•~90% FRII 
•~5% Restarted-DDRGs 
•~16% as BCGs







Largest catalogue-820 Sources!

Dabhade et al. 2020b | A&A 642, A153

SAGAN-I : Discovery of 162 GRGs

Search- NVSS
Complementary data- 

TGSS + FIRST



Key Impact



Blundell+2001
Jamrozy+2008



WSRT + Effelsberg





Dabhade et al. 2020a

Dabhade et al. 2020b



LOTSS DR2- Rapid discoveries!



Big step forward-> Larger samples from LoTSS DR2

Machine learning + Radio Galaxy zoo 

~10,000 Giants!

Mostert et al. 2024



Key-



Hota, Dabhade et al. 2025 MNRASOdd Radio Circles
•First discovered in 2019 
•Only about a dozen examples known to date.

RAD J131346.9+500320 

RAD J131346.9+500320 
The Double-Ring Odd Radio Circle

•Discovery: By RAD@home citizen scientists 
using LOFAR (LoTSS) data 

•Redshift: ≈ 0.94  
•Physical size: ~ 865 kpc  
•Structure: Two intersecting rings - only the 
second known double-ring ORC 

•Environment: Dense galaxy group/cluster; 
multiple nearby galaxies at similar redshift 

•Radio power: Most powerful and most 
distant ORC known so far. 

•Significance: First ORC discovered via 
citizen science and first found using LOFAR 
in the northern sky

Lucky mistakes!



Key-









Key-



LoFAR+uGMRT

Porphyrion: The largest amongst the giants!  

Oei et al. 2024
7 Mpc ! @ z ~ 0.9 



Dabhade, Saikia, & Mahato 2023, 
 Review article (JApA, V44, 1) 

Summarising ~50 years research & 
future directions with SKA

Giant radio sources



Multiple cycles of AGN activity  
in  

Giant radio galaxies



Hardcastle & Croston 2020

GRGs

Dead RGRemnant ?

Restarted ?

Different phases in the lifetimes of radio galaxies



Dabhade et al. 2020a A&A 635

DDRGs from LoTSS DR1
“Double-double structure often associated with 
sources with megaparsec scale sizes”

Restarted Radio galaxy 

(‘Double-Double”)



How many GRGs in LoTSS DR2 show restarted activity?

?



DDRGs from LoTSS DR2 : Montage

Dabhade et al.  (2025) A&A, 696, A97

~3% OF GIANTS SHOW RESTARTED ACTIVITY ! SAGAN VResult 5: 



DDRG-J0916+4844

Dabhade et al. (2025) 
A&A, 696, A97

Newer/younger

Older/First



Is there evidence for more than 2 cycles of AGN 
activity 

?



Brocksopp et al. 2007
VLA 1.4 GHz

VLA 8 GHz

B0925+420

2.5 Mpc



Brocksopp et al. 2007
VLA 1.4 GHz

VLA 8 GHz

B0925+420

2.5 Mpc



Brocksopp et al. 2007
VLA 1.4 GHz

VLA 8 GHz

Triple double radio galaxies or TDRGs

B0925+420

1st

2.5 Mpc



Brocksopp et al. 2007
VLA 1.4 GHz

VLA 8 GHz

Triple double radio galaxies or TDRGs

B0925+420

1st

2.5 Mpc
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New TDRG from LoTSS DR2

1.4 Mpc

4th

Chavan, Dabhade & Saikia, MNRAS 525, L87–L92 (2023) 
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Dabhade et al. 2022 A&A 668, A64 (2022)
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Size = 1.8 Mpc

Age: 
 ~ 110 - 200 Myrs

Magnetic field:  
~ 5 micro Gauss

Data: 
LoFAR 
GMRT

Plasma Instability ?
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Size = 1.8 Mpc

Age: 
 ~ 110 - 200 Myrs

Magnetic field:  
~ 5 micro Gauss

Data: 
LoFAR 
GMRT Barbell GRG



Dabhade et al. 2022 A&A 668, A64 (2022)

Residing in centre of a galaxy cluster! 
ICM dynamics!



Large-scale environment of Giants

Sankhyayan & Dabhade 2024 A&A

~5% in Superclusters!
24% in galaxy clusters!

Systematic study of GRGs in clusters, non-cluster and 
Supercluster environments

SAGAN-IV: Environment of GRGs and using them as probes









Using Giants as probes



Using Giants as probes

Sub-micro gauss magnetic field in intra-supercluster medium !

Sankhyayan & Dabhade 2024 A&A



Probing Sub-kpc structure of core-jet with LOFAR-VLBI

? See Sagar Sethi’s talk  
on Wednesday

On-going work



GRGs are no longer rare curiosities, they are a statistical population
• Defined as radio galaxies/quasars with projected sizes >0.7 Mpc
• They represent the largest jet-driven structures produced by SMBHs
• Known population has grown from a few dozen to >104 candidates/confirmed 

systems in the LOFAR era
• Low-frequency surveys, especially LOFAR Surveys, revealed many faint, 

diffuse and low-surface-brightness giants
• Most GRGs are FR-II-like, but the population includes FR-I, hybrid, restarted, 

remnant and complex systems
• GRGs are associated with both galaxies and quasars, with GRQs generally 

tracing more powerful central engines
• Integrated spectral properties and black-hole masses are broadly similar to 

normal-sized radio galaxies
• GRGs do not require one preferred accretion mode: both HERGs and LERGs 

can grow to giant scales

What have we learnt about GRGs?



Giant size is not controlled by one parameter
• GRG growth likely requires a combination of: 

jet power + lifetime/duty cycle + accretion state + environment
• High-excitation GRGs tend to be larger and more powerful, with higher radio power, jet kinetic 

power and Eddington ratios.
• Sparse environments help jets expand to the largest sizes, especially for >3 Mpc systems
• GRGS can grow in dense environments: a significant fraction of GRGs are found in groups, 

clusters and superclusters
• Recent environmental work shows that low-density environments are not a strict prerequisite 

for luminous GRGs
• GRGs can therefore be regular members of the radio-galaxy population, not necessarily a special 

class with one unique formation path
• Their huge lobes make them useful probes of the IGM, cosmic web, WHIM, feedback and 

large-scale magnetic fields.

What drives giant growth?



Future outlook
Main idea: LOFAR Surveys have revealed thousands of giants. 
The next challenge is to build complete, uniform samples and turn them into physical measurements.

Key questions for the next phase:

-How many more GRGs are hidden in LoTSS DR3? 
Should enable the most complete northern-sky GRG search so far.
-How many high-redshift GRGs exist? 
With full DR3 coverage, better host identification and deeper optical/IR data, we can test whether Mpc-scale jets were 
already common at earlier cosmic epochs.
-Can we build a genuinely complete GRG sample & the GRG luminosity function? 
Uniform radio properties, host IDs, redshifts and selection limits can unlock the GRG luminosity function, size function, 
space density and cosmic evolution.
-Can LOFAR-VLBI reveal the engines inside the giants? 
High-resolution LOFAR-VLBI can identify compact cores, young restarted jets, mini-doubles, DDRGs and ambiguous 
hosts, linking parsec/kpc-scale activity to Mpc-scale lobes.
-Can GRGs become cosmic-web probes? 
Combining LoTSS DR3 with spectroscopy, photometric redshifts, clusters, filaments, RM grids and simulations will let 
us use GRGs to probe feedback, WHIM, magnetisation and environment.



Thank you


