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THE RADIO GALAXIES FRACTION

8% in the INTEGRAL/IBIS  

AGN sample

1% in the Fermi/LAT  

AGN sample

Radio galaxies, recognised through their core, jets, 
and lobes radio morphology, constitute only a 
small fraction of high-energy AGN

Despite their rarity, they offer the unique possibility to 
study at the same time jets and accretion processes, and 

their connections



GIANT RADIO GALAXIES



GIANT RADIO GALAXIES

➤ GRG are the largest single-entities in the Universe 
(>0.7 Mpc) 

➤ Low surface brightness, complex morphology, difficult 
to discover 

➤ In radio surveys, only 1-6% of objects are GRG (~500 
GRG known to date) 

➤ Size due to environment, or high jet power, or long 
activity time?

B1545-321 (ATCA, 13cm)



RADIO COUNTERPARTS
➤ Cross-correlation Swift/BAT+Integral/IBIS          NVSS, FIRST, and SUMSS  

➤ Visual inspection of 1000 images, searching for extended structures… 

➤ …and measuring the largest angular size, and linear size in Mpc

67 radio galaxies with double morphology 
31 RG with size >0.5 Mpc 
15 GRGs >0.7 Mpc (22%)

Bassani et al. 
2016



SIGNS OF RESTARTING ACTIVITY

➤ Correlation between the X-ray luminosity and the radio 
core luminosity, consistent with that expected for AGN 
powered by efficient accretion. 

➤ Luminosity of the radio lobes and the estimated jet 
power are relatively low compared with the nuclear X-
ray emission. 

➤ either the nucleus is more powerful than in the past, 
consistent with a restarting central engine, or giant 
lobes are dimmer due to expansion losses.

Ursini et al. 2018



Double-Double

SIGNS OF RESTARTING ACTIVITY
X-shaped

Radio cocoon GPS core



SIGNS OF RESTARTING ACTIVITY

➤ 6/15 GRG present signs of restarting activity from the literature (~40%) 

➤ Radio campaign to check the remaining objects via: 

➤ Single dish (Effelsberg) photometry to test presence of GPS cores (10/15) 

➤ GMRT (MHz-range) observations to study morphology (4/15) 

➤ TGSS images at 150 MHz (25x25 arcsec resolution, 12/15) 

➤ LoTSS DR2 images at 150 MHz (6x6 arcsec resolution, 5/15) 



RESULTS FROM OUR CAMPAIGN

GPS fraction 

➤ Collecting data from archive in the MHz-
GHz range for all sources  

➤ A GPS fraction of 61(+30 -21)% is 
found 

➤ Cores are often young radio sources

Bruni et al. 2019 



RESULTS FROM OUR CAMPAIGN

Mrk 1498
SW-0318+68

Bruni et al. 2020 
Hernandez-Garcia et al. 2019

GPS core 
GPS core 



---------------------------------------------------------------------------------- 

Name            z       Notes              

---------------------------------------------------------------------------------- 

B3 0309+411B     0.134  Restarting (Bruni+19, GPS component) 

LCF 2001 J0318+684      0.090  Restarting (Schoenmakers+1998; Bruni+19) 

PKS 0707-35             0.111    Restarting (Saripalli+13) 

4C 73.08          0.058    Restarting (Wezgoviec et al. 2016) 

B2 1144+35B             0.063        Restarting (Schoenmakers+99; Giovannini+07) 

NVSS J143649−161339     0.144  - 

IGR J14488              0.123    Restarting (Bruni+19, GPS component)     

4C +63.22               0.204    - 

WN1626+5153 (Mrk1498)   0.055    Restarting (Bruni+19, GPS component) 

4C +34.47               0.206    Restarting (Bruni+19, CSS component) 

IGR J17488              0.24  Restarting (Bruni+19, GPS component) 

4C +74.26               0.104  Restarting (Pearson+92; Bruni+19) 

PKS 2331-240            0.048    Restarting (Hernandez-Garcia+17)   

PKS 2014-55             0.060    Restarting (Saripalli+08) 

PKS 2356-61             0.096    Restarting (Bruni+19, GPS component) 

----------------------------------------------------------------------------------

RESULTS FROM OUR CAMPAIGN

6 restarting from the literature + 7 from present work = 13/15
Bruni et al. 2020 



THE LOFAR VIEW

➤ 9 HX-GRG observed by LoTSS DR2 survey (150 MHz, Shimwell in prep.) 

➤ Angular resolution 6 arcsec (more details) 20 arcsec (recover diffuse emission) 

➤ RMS of a few hundreds uJy/beam



THE LOFAR VIEW

➤ Linear extension >10 arcmin 

➤ Off-axis diffuse emission recovered at 20 arcsec 
resolution by LOFAR 

➤ Lobes substructure revealed at 6 arcsec

Bruni et al. 2021 



THE LOFAR VIEW

➤ Faint, diffuse emission on the SW sector 
restored, possible fat-double classification 

➤ Inner-jet axis differs by ~30 deg from lobes one 

➤ Possible gravitational perturbation by associated 
cluster, producing jet reorientation on Myr time 
scale. 

Bruni et al. 2021 



THE LOFAR VIEW

➤ Discovery of possible relic lobes, on an axis ~45 
deg away from the known lobes 

➤ Candidate for jet precession/reorientation

Bruni et al. 2021 



THE LOFAR VIEW

➤ Comparison with LoTSS DR1 GRG reveals slightly larger linear sizes for HXGRG 

Bruni et al. 2021 



CONCLUSIONS

➤ We selected a GRG sample starting from INTEGRAL+Swift soft gamma-ray 
catalogues 

➤ GRG fraction among soft gamma-ray selected RG is four times larger than in radio-
selected samples 

➤ Almost all GRGs show signs of restarting activity: ~60% have a GPS core, ~40% 
restarting morphology 

➤ Bias due to high-energy selection? Duty cycle? 

FUTURE PLANS 

➤ Comparison sample study ongoing to exclude (or understand) selection effects 

➤ EVN large program + complementary LBA and eMerlin observations. 

➤ Synchrotron aging study for a pilot sample of 3 sources ongoing (GMRT+VLA)



THE FUTURE SKA VIEW
➤ The study of radio galaxies and their duty cycle needs a rich toolbox: resolution, frequency 

coverage, sensitivity to emission on different scales, large statistics 

➤ SKA will provide the necessary information to complete our task

Zoom into core, probing:  

Jet reorientation/precession  

new radio phase spatial 
scale 

Link between radio phase 
and accretion

SKA-mid SKA-low
Extended emission: 

Previous radio phases 
with faint emission 

Impact of giant jets on 
the IGM/ICM 

Frequency coverage for 
synchrotron aging: 
radio duty cycle
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