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GIANT RADIO GALAXIES

● Extended emission > 0.7 Mpc 
(Ishwara-Chandra & Saikia 1999)

● Spectral ages can be 107-108 yr 
(Alexander & Leahy 1987)

Perfect laboratories to study 
intermittent activity 
and Active Galactic Nuclei 
(AGN) evolution
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X-shaped radio galaxies (XRG)
(Rottmann et al. 2001, Gopal-Krishna et al. 2012)

Double-double radio galaxies (DDRG)
(Lara et al. 1999, Schoenmakers et al 2000)

Credits: XRG J0702+5002 at 512 MHz (Roberts et al. 2015)Credits: DDRG J1453+3308 at 334 MHz (Konar et al. 2006)
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GIANT RADIO GALAXIES



● Crossmatch of :
INTEGRAL/IBIS + Swift/BAT  and NVSS + FIRST + SUMS 

● Visual inspection of 1000 images, searching for extended structures

Bassani et al. (2016)

GIANT RADIO GALAXIES
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67 radio galaxies with 
double morphology

15 GRGs >0.7 Mpc (22%)



● Selected from the INTEGRAL sample because of its different 
classifications (Bassani et al. 2016), z = 0.047 (Parisi et al. 2014)

● Giant radio galaxy (Bassani et al. 2016)

● Classified as Seyfert 2 in the optical, with z= 0.0475 (Parisi et al. 2012)

● Unobscured at X-rays , i.e., type 1 ? (Parisi et al. 2012)

● Blazar at radio frequencies (Massaro et al. 2009), jet in VLBI at 8.4 GHz 
(Ojha et al. 2004)

PBC J2333.9-2343
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PBC J2333.9-2343

● Simultaneous observations in 
2015: 
VLBA/XMM-Newton/SPM

● VLA shows two jets / VLBA 
shows one jet with < 40 degrees
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VLBAVLA

Hernández-García et al. (2017)
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PBC J2333.9-2343

● Synchrotron Self Compton 
(SSC) and External Compton 
(EC) models

● Spectral energy distribution 
(SED) constraints the angle to 
6 degrees
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Hernández-García et al. (2017)



HYPOTHESIS:
 A BLAZAR-LIKE CORE AT THE CENTER OF THE RADIO GALAXY



● Effeslberg -> Radio 4.8, 8.5, 10.5, 20.4 GHz
● SMARTS-1.3m -> simultaneous NIR/optical K/I
● Swift (XRT/UVOT) -> 0.5-10 KeV, UVM2
● Zwicky Transient Facility (ZTF) -> optical g,r,i
● Asteroid Terrestrial-impact Last Alert System (ATLAS) -> optical o,c

● Fermi -> Gamma rays
● VLBA -> Radio
● RACS -> Radio
● VLASS -> Radio
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MONITORING IN 2018-19

2018: 3-4 days cadence
2019: daily cadence

-> 6 sigma detection
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Hernández-García et al. (in prep.)
MONITORING IN 2018-19
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● Cross Correlation Funtion (CCF)

● SMARTS-1.3m -> K/I

● 1.02 ± 1.45 days
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MONITORING IN 2018-19

Hernández-García et al. (2023)



Variability timescales

L. Hernández-García 

DISCUSSION

Torus
80 days 

(Koshida et al. 2014; Minezaki 
et al. 2019)

Accretion disk
7.5 days

(Lira et al. 2015)

Jet
Simultaneous
Bonning et al. (2012) 

Credits: Maria PetropoulouCredit: Mark A. Garlick/Simons FoundationCredit: TORUS 2018

1.02 ± 1.45 days



● Comparison with samples of AGN 
and Blazar

● Using features from the ALeRCE 
broker (Förster et al. 2021, Sánchez-Sáez et al. 2019) 

● Damped Random Walk parameters 
to differentiate (MacLeod et al. 2011)
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DISCUSSION

Hernández-García et al. (2023)



● Spectral Energy Distribution (SED)

● Fitted using JetSet (Tramacere et al. 2009, 2011)

● External Compton (EC) with mild 
Synchrotron Self Compton model (SSC)

●  Jet angle 3 degrees
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SPECTRAL ENERGY DISTRIBUTION

Hernández-García et al. (2023)



● Deep GMRT image shows a 
lack of emission between the 
nucleus and the core 
(Bruni et al. 2020)

L. Hernández-García

PBC J2333.9-2343

Bruni et al. (2020)



With the Zwicky Transient Facility (ZTF) 
we started to find interesting sources
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Credits: IPAC/Caltech



L. Hernández-García 

WATCHLIST
● (Förster et al. 2021, Sánchez-Sáez et al. 2019)
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WATCHLIST
https://watchlist.alerce.online/

https://watchlist.alerce.online/
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WATCHLIST



MONITORING DURING OUTBURST
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● Alerts started in September 
2023 with ZTF

● ToO activated with Swift and 
Effelsberg



● Approved observations during AO21

● Monitoring with INTEGRAL + Swift

● Complemented by ZTF and Effelsberg 
observations

Credits: ESA

L. Hernández-García 

MONITORING DURING OUTBURST



● Fermi detection at 6 sigma
● Variability at all observed wavelengths with flaring behaviour
● Optical/NIR occur simultaneously
● SED of a blazar with jet angle 3 degrees
● Optical variability features comparable to the blazar population
● No connection between the nucleus and the lobes
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CONCLUSSIONS

CONFIRMATION OF A BLAZAR-LIKE NUCLEUS AT THE CENTER OF THE GRG 



● Fermi detection at 6 sigma
● Variability at all observed wavelengths with flaring behaviour
● Optical/NIR occur simultaneously
● SED of a blazar with jet angle 3 degrees
● Optical variability features comparable to the blazar population
● No connection between the nucleus and the lobes
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CONCLUSSIONS

CONFIRMATION OF A BLAZAR-LIKE NUCLEUS AT THE CENTER OF THE GRG 

THANKS !


