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Berton et al. (2017) 

An orientation/evolutionary-based unification of jetted 
active galactic nuclei.

Unification scheme of jetted-AGN with high accretion rate with respect to the 
Eddington limit and a high-density photon-rich environment. On the left side, young 
and smaller sources (NLS1s and CSS sources), compared to older and larger 
objects (FSRQs and FR HERG )

● Compact symmetric objects (CSOs) are jetted active 
galactic nuclei (AGNs) with a double-lobed radio 
structure confined to within 1 kpc.

● CSOs represent the earliest evolutionary phase of 
jetted AGNs. Some of them may eventually evolve 
into large-scale extended double sources, while 
others stall within the host galaxy and die out, 
depending on the longevity of nuclear activity, the jet 
power, and parameters of the surrounding galactic 
environment.

● Studying CSOs enables us to understand the 
evolution of galaxies and the interactions between 
relativistic jets and the interstellar medium of the 
hosts. 



● Bright nearby E/S0 galaxy 
discovered already by William 
Herschel  

● Luminosity Distance = 50.1Mpc 

● Scale = 0.24 kpc/arcsec

● Hubble Space Telescope 
observations of NGC 3894: see 
Perlman et al. 2001

Sloan Digital Sky Survey, DR14

NGC 3894 / TXS 1146+596

2MASS All Sky Survey

RA: 11h 48m 50.3582s
Dec: +59d 24m 56.382s

Optical Host 



● 1146+596 recognized as a compact radio 
source by Condon & Dressel (1978); 

● First VLBI imaging at 5 GHz (Wrobel et al. 
1985) suggested the presence of three 
radio components, consistent with an 
asymmetric core-jet structure; 

● The VLBI 1981-1996 monitoring analyzed 
by Taylor et al. (1998) indicated that the 
twin jets were mildly relativistic with 
velocities v~0.3 c and oriented at ~50deg 
from the line-of-sight.

Compact Radio Structure 



Most recently, Principe et al. (2020) claimed that “VLBA results favor the youth scenario 
for the inner structure of this object, with an estimated dynamical age of 59 +/- 5 years, and 
the jet viewing angle 10-20deg”

Compact Radio Structure 



“The 21 cm atomic hydrogen line is seen in absorption 
slightly redshifted with respect to the systemic velocity 
toward the core, jet, and counterjet of this source. There 
are four components in the gas that are spatially and/or 
spectrally distinct, two of which appear to be part of a 
single larger structure, possibly a circumnuclear torus.”
(Peck & Taylor 1998, Gupta et al. 2006)

Compact Radio Structure 



MIR studies (IRAS, Spitzer, WISE) indicate the low-luminosity LINER-type AGN, and low star 
formation rate ~0.5 Msol/yr in the host

(Willett et al. 2010, Kosmaczewski et al. 2020)

IR Observations



Gamma-ray Emission



M.L. Lister et al 2020

Gamma-ray Emission



   Motivation 

Well  characterized at 
radio , IR , & optical 
frequencies

Archival Chandra Data 
(~40 ks) not analyzed 
(published)  before!

One of the youngest 
nearby radio galaxies; one 
of a few CSOs detected in 
gamma-rays by 
Fermi-LAT!

A need for a proper X-ray 
spectroscopy and a 
broad-band SED



Archival Chandra Observation ~ 40 ks (PI : Perlman), not analyzed/published before 

ACIS-I observations in 2001

Net count rate: 1.134x 10-2 cts/s

~450 photons within the 
source extraction region 5’’



Chandra view of the active nucleus in NGC 3894

● source extraction region: 5’’ radius circle (white solid)
● background: annulus with 10’’ and 20’’ radii (white dashed)

● excluding the two 2.5’’ radii circles corresponding to bright point sources (solid)
● Chandra images of NGC 3894, smoothed with 3 sigma; as shown, the 6-7 keV emission is restricted to the unresolved core

K.Balasubramaniam et al. to be submitted



Chandra 6-7 keV PSF profile 

Indeed, no extension in the 6-7 keV emission beyond the PSF (simulated for the 6-7 keV range)

K.Balasubramaniam et al. to be submitted



X-ray hardness ratio analysis
● Hardness ratio map 

HR=(H-M)/(H+M), 
between the Hard (6-7keV) and 
Medium (2-6keV) bands.

● Note the map is reliable with no 
prominent artefacts because the 
PSFs for both M and H bands 
are rather similar.

K.Balasubramaniam et al. to be submitted



A simple model phabs.gal * (zphabs∗powerlaw + zapec) applied to the background-subtracted source
spectrum, returns a very flat, moderately absorbed power-law (NH ~ 2e22cm-2, Gamma ~ 1.3), contributed  
by a thermal component (kT ~ 0.8 keV; assumed solar metallicity). The residuals indicate however a 
presence of the emission lines, including

● A line around 6.4 keV, consistent with the neutral iron K-shell line;
● A line around 4.6 keV, which most likely is the instrumental artefact (Si escape peak, following the Fe 

6.4  keV emission (see Grimm et al. 2009, ApJ, 690, 128)
● Positive residuals in the soft range (-> see next slides!)

Adding a simple redshifted Gaussian line component to the model:
 phabs.gal *(zphabs∗(powerlaw+zgauss) + zapec)
improves the fitting, and confirmed the presence of a neutral iron K-shell line with the EW ~ 0.6 keV.

Chandra spectral modelling



NH (Gal)  [cm-2] 
(frozen!)

0.0183 x 1022  

kT     [keV]  0.789 +/-  0.0579

NH  (int)  [cm-2] (2.21  +/-  0.66) x 1022 

Γsrc 1.28 +/-  0.37

Line E  [keV]  6.47  +/-  0.05

EW [keV] 0.6

Unabsorbed flux of 
the PL component 
(0.5-7.0) 
[erg/cm2/s] 

1.987 x 10-13

            Best fit parameters
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We considered more sophisticated emission models as well, however due to a rather limited photon 
statistics, those did not improve the fitting, or actually made it worse.
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PKS 1718−649 - another very compact CSO with LINER-type nucleus, detected in gamma-rays

X-ray data analysis: Beuchert et al. 2018

XMM-Newton
+ Multiple Chandra pointings

Model:
● photoionized plasma (xstar)
● collisionally ionized plasma (apec)
● absorbed PL (variable!)

● Positive residuals we see in the core spectrum of NGC 3894 in the soft range (<~ 1keV), may indicate the 
presence of the photoionized plasma component in addition to the collisionally ionized 0.8 keV plasma 
modeled here by apec, similarly as seen in PKS 1718−649



Multiwavelength SED of  NGC 3894  

Chandra X-ray (from our 
modelling) 

Principe et al 2020  
(Fermi-LAT)
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Summary
● One of the youngest nearby radio galaxies; one of a few CSOs detected in gamma-rays by 

Fermi-LAT.
● Here we present the first attempt for detailed X-ray spectroscopy.

● Very flat PL with Gamma 1.3+/-0.3, and total luminosity LX ~ 6e40erg/s.
●  Neutral iron line at 6.4keV with relatively large EW ~0.6keV !!!
● Poor photon statistics makes fitting quite challenging although we believe that our findings 

regarding a very flat PL component and neutral iron line with relatively large EW, are robust!
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