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Scientific Background
Unified model of Active Galactic Nuclei (Urry & Padovani 1995)
• Supermassive black hole 
(SMBH) in the centre, 
surrounded by clouds 
(broad and narrow line 
regions), an accretion 
disk and a dusty torus;

• Energy output comes 
from the accretion onto 
the central SMBH;

• Radio galaxies, quasars, 
Seyferts etc. are the same 
type of object seen by a 
different viewing angle.
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Open Questions

• How jets form and are launched?

Key to understanding how galaxies form and evolve 
with time

• What is the general dependence of radio galaxy 
structures on the physical characteristics of the Intra 
Cluster Medium (ICM)?

• How feedback occurs in active galaxies hosted in 
galaxy groups and clusters? (How radio jets interact 
with their host galaxies and wider environment? )



Talk Outline

• 3CR unidentified radio sources

• 3CR 297

• 3CR 403.1

• J2155+0846 in Abell 2395

• Future perspectives



3CR Unidentified
• 25/298 radio sources in the Third Cambridge Revised 

Catalog (3CR)
• Lack an optical counterpart of the radio core 

No redshift No optical classification

• Archival search and manual reduction of VLA data (IRA-BO)
• Search for optical and mid-IR data (Pan-STARRS and WISE)
• Reduction of new Chandra data

Study of the first 7 sources of the sample





3CR Unidentified

Results 
• 6/7 clear detection of  the radio core 
• 7/7 mid-IR counterpart 
• 3/7 optical counterpart 
• 6/6 X-ray counterparts of  the radio cores 
• X-ray emission from the jet of  the source 3CR 158 
• Presence of  two galaxy clusters 



UniTo News Press Release

The goal of this series is 
to connect authors with 
their article, 
their human story, and 
the larger astronomy 
community.  



Work in progress…



3CR 297 (z=1.406)

P.I. of the awarded Chandra proposal: ‘Investigating the X-ray 
extended emission around the radio galaxy 3C 297’ (230 ks, ~41 k$)



3CR 297
1. Study the morphology and the spectral properties of the X–ray emission 
from the Active Galactic Nucleus (AGN), the radio-emitting regions and the 
Intergalactic Medium (IGM).

2.  Measure  the  cluster  IGM temperature,  density  and  mass  in  different 
regions also to detect discontinuities.

3.  Perform a  multi-wavelength  comparison of  jet  vs  IGM spectral  energy 
distribution at high redshift to estimate the kinetic energy released.

4. Spectral analysis of the X-ray to understand the emission mechanism in the 
northern jet and hotspot (thermal vs non-thermal emission).



3CR 403.1
P.I.  of  the  awarded  SRT proposal:  ‘Investigating  the  radio 
components of the FRII radio galaxy 3C 403.1’ (26 hrs)

GOAL: Measure the spectral  index of the three radio components of 3C 
430.1 (radio core, and both northern and southern lobes).
The three components are clearly detected in the NVSS image at 1.4 GHz 
and in the TGSS image at 144 MHz. We expect a flat spectral index in the 
core region, while we should observe a steepening of the spectral index along 
the axis of the two lobes, where old electrons reside. 
This spectral steepening is related to the ageing of relativistic electrons.



3CR 403.1

The Sunyaev-Zel’dovich (SZ) effect at cm wavelengths acts as a contaminant 
to the synchrotron  flux,  making  the  observed  flux  less  than  its  true 
value. This is because at the cm to mm wavelengths the SZ signal appears as a 
decrement in the background CMB radiation intensity.

18 GHz



J2155+0846 in Abell2395
The radio galaxy in the 
LOFAR image shows a long 
tail of old and less powerful 
electrons that follows its 
motion around the center 
of the merging cluster 
system.

The  radio  tail  lies  were  we 
measured a  discontinuity in 
temperature  density/surface 
brightness  from  the  X-ray 
image.



J2155+0846 in Abell2395
P.I. of the awarded GMRT proposal: ‘Probing the presence 

of re-energized particles in the radio tail of SDSS 
J2155+0846’ (21 hours)

The radio tail is older than the shock wave due to the merger.
Can we conclude that the electrons have been reaccelerated
and re-energized by the interaction with the shock?

GMRT band 3-4 spectral index map



Outreach

The LOFAR project offers us an unprecedented view of what 
our skies look like at radio wavelengths. Never before have we 
been able to map such a large part of the radio sky at such high 
sensitivity. 
Because  of  the  sheer  amount  of  sources  that  need  to  be 
classified, it is not realistic for scientists to do this all on their 
own. That is where you and the team of Zooniverse volunteers 
come in!



Outreach



Future Perspectives For The 
III year

• 3CR unidentified:  complete  the  analysis  of  the  3CR 
unidentified (9 already observed, more to come/request);

• 3C  297:  merge  the  Chandra  observations  to  perform  the 
spectral analysis and combine with optical data;

• 3CR 403.1:  validate  the  hypothesis  of  SZ  effect  (to  obtain 
information on thermal structure in the IGM and as a direct 
measure of the projected mass of gas in the cluster on the line 
of sight);

• A2395: spectral index maps with GMRT data and new LOFAR 
observations to confirm the steepening of the spectrum due to 
the merging.
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ABSTRACT: The morphology of bent radio galaxies is shaped by the dense intergalactic medium which surrounds them, and they are ideal sourcesABSTRACT: The morphology of bent radio galaxies is shaped by the dense intergalactic medium which surrounds them, and they are ideal sources
to investigate the particle re-acceleration mechanisms in galaxy clusters. The galaxy cluster Abell 2395 (z=0.15) hosts a bent radio galaxy which wasto investigate the particle re-acceleration mechanisms in galaxy clusters. The galaxy cluster Abell 2395 (z=0.15) hosts a bent radio galaxy which was
observed with LOFAR at 145 MHz. We present preliminary results of aobserved with LOFAR at 145 MHz. We present preliminary results of a ChandraChandra  observation of the merging cluster system Abell 2395. The extended observation of the merging cluster system Abell 2395. The extended
radio emission of the radio galaxy resembles the morphology of a head-tailed radio source. In the X-ray image the two BCGs are clearly visible,radio emission of the radio galaxy resembles the morphology of a head-tailed radio source. In the X-ray image the two BCGs are clearly visible,
signature of an ongoing merger. We investigated the physical properties of the cluster gas using thesignature of an ongoing merger. We investigated the physical properties of the cluster gas using the ChandraChandra data and conclude that the shock wave data and conclude that the shock wave
originating from the cluster merger overran the radio tail re-acceleration of the relativistic electrons.originating from the cluster merger overran the radio tail re-acceleration of the relativistic electrons.

Radio observationsRadio observations Optical and IR dataOptical and IR data
                                            

X-ray analysisX-ray analysis

(Lower Panel): Spectrum of the most luminous part of the radio galaxy, made with the available data. As expected, the spectrum shows a classical
synchrotron radio spectrum of the form S∝ν-α. Future observations at high sensitivity will allow us to investigate the spectral distribution along the tail.

(Lower Panel): Spectrum of the most luminous part of the radio galaxy, made with the available data. As expected, the spectrum shows a classical
synchrotron radio spectrum of the form S∝ν-α. Future observations at high sensitivity will allow us to investigate the spectral distribution along the tail.

(Upper Panel): Surface brightness profile fitted with a β-
model obtained from the 0.5-3 keV filtered image. We have
used a panda centered on Abell 2395 with 50 annuli of 8''
each. 

(Upper Panel): Surface brightness profile fitted with a β-
model obtained from the 0.5-3 keV filtered image. We have
used a panda centered on Abell 2395 with 50 annuli of 8''
each. 

New LOFAR observations at 145 MHz, part of the LOFAR Two-metre Sky Survey
(LoTSS), reveal that the tail of the bent radio galaxy J2155+0846 extends much further
than what previously known (~ 200''). This new observations help us to reconstruct the
path of the radio source around the cluster.

New LOFAR observations at 145 MHz, part of the LOFAR Two-metre Sky Survey
(LoTSS), reveal that the tail of the bent radio galaxy J2155+0846 extends much further
than what previously known (~ 200''). This new observations help us to reconstruct the
path of the radio source around the cluster.

X-ray observation X-ray observation 

 

 

 

T= 4.0 +/- 0.2 keV

T= 2.4 +/- 0.3 keV

LoTSS and TGSS, the lowest frequencies surveys,
can give us information about the extension of the
radio tail, thanks to their big maximum recoverable
scale. 
LOFAR gives also a better resolution of the tail,
having an angular resolution of ~ 5''.
The VLA observation at 8.4 GHz has the highest
resolution but can't image the more extended
features of the source.
We tried to measure the spectral index along the tail
using the LOFAR data (smoothed with the same
resolution of the NVSS) and NVSS data. The tail is
only weakly detected in the NVSS data, so we were
only able to put limits on the spectral index. The
limits were consistent with aging in the tail, but more
sensitive measurements at 1.5 GHz are required for a
definitive conclusion.
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scale. 
LOFAR gives also a better resolution of the tail,
having an angular resolution of ~ 5''.
The VLA observation at 8.4 GHz has the highest
resolution but can't image the more extended
features of the source.
We tried to measure the spectral index along the tail
using the LOFAR data (smoothed with the same
resolution of the NVSS) and NVSS data. The tail is
only weakly detected in the NVSS data, so we were
only able to put limits on the spectral index. The
limits were consistent with aging in the tail, but more
sensitive measurements at 1.5 GHz are required for a
definitive conclusion.

(Upper panel): Red sequence including sources with
photometric and spectroscopic redshifts from the Sloan
Digital Sky Survey (SDSS) Data Release 12, in a radius of 2
Mpc from Abell 2395 position. (Lower Panel): Chandra 
observation of Abell 2395 (on the left) and SDSS
observation (on the right). In the smoothed Chandra image
the two BCGs are clearly visible, suggesting the presence
of an ongoing merger. The yellow circles refer the sources
in AllWISE within 10'' from the optical position. Both BCGs
have an infrared and optical counterpart.  
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photometric and spectroscopic redshifts from the Sloan
Digital Sky Survey (SDSS) Data Release 12, in a radius of 2
Mpc from Abell 2395 position. (Lower Panel): Chandra 
observation of Abell 2395 (on the left) and SDSS
observation (on the right). In the smoothed Chandra image
the two BCGs are clearly visible, suggesting the presence
of an ongoing merger. The yellow circles refer the sources
in AllWISE within 10'' from the optical position. Both BCGs
have an infrared and optical counterpart.  

Virial estimate of the mass
 

 
  

Virial estimate of the mass
 

 
  

Surface Brightness jump Density jump

Among all the SDSS sources in a 2
Mpc radius around Abell 2395, we
have selected all the sources with a
spectroscopic redshift |z

spec
-z

clu
|≤0.005

and photometric redshift  with the
same constrain on the redshift and
fractional error less than 10%.
From the value of the velocity
dispersion using the virial theorem,
we made an estimate of  the mass of
the cluster up to a 2 Mpc radius:

This value can be compared with the
X-ray estimate taking into account
corrections for the radius considered
and the possibility of having selected
outliers in front or behind the system.

Mach number ~ 1.37

Mass estimate
Using the best-fit parameters of the β-model and
the value of the temperature near the center of the
cluster, we have been able to recover the central
electron density and the total gravitating mass up
a radius of ~400 kpc. From the hydrostatic
equilibrium we have (assuming T=const):
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~ 1370 km/s

l

d

From the Keplerian velocity of the bent
radio source (~1000 km/s)  obtained by
the hydrostatic mass of the system,
and the velocity of the shock we have
been to verify that holds: 
 

This means that the shock is younger
than the radio tail.

 

Main conclusions
We have investigated a Chandra observation of a  merging system hosting a bent radio
galaxy:

●The radio galaxy in the LOFAR image shows a long tail of old  and less powerful electrons 
that is in accordance with its motion around the center of the merging  cluster system;

●The radio tail is older than the shock wave due to the merger, and it is possibile that the
electrons have been re-accelerated and re-energized by the interaction with the shock;

●The radio tail also lies were we measured a discontinuity in temperature/density/surface
brightness from the X-ray image.

Contour legend:

LOFAR 145 MHz (white)

TGSS 150 MHz
(magenta)

VLA 8.4 GHz (green)

NVSS 1.4 GHz (red) 
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d=75''=6.08x1023 cm           l=214''=17.42x1023 cm


