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Abstract

We present a spectral analysis of a 200 ks observation of the broad-line radio galaxy 3C 120, performed with the
high-energy transmission grating spectrometer on board the Chandra X-ray Observatory. We find (i) 2 neutral
absorption component intrinsic to the source with a column density of log Ny = 20.67 + 0.05cm 2; (i) no
evidence for a warm absorber (WA) with an upper limit on the column density of just log Ny < 19 7cm 2,
assuming the typical ionization parameter log¢ ~ 2.5ergs™' cm; the WA may instead be replaced by (iii) a hot
emitting gas with a temperature k7 >~ 0.7 keV observed as soft X-ray emission from ionized Fe L-shell lines,
which may originate from a kiloparsec-scale shocked bubble inflated by the active galactic nucleus (AGN) wind or
jet with a shock velocity of about 1000 km s ' determined by the emission line width; (iv) a neutral Fe Ko line and
accompanying emission lines indicative of a Compton-thick cold reflector with a low reflection fraction R ~ 0.2,
suggesting a large opening angle of the torus; (v) a highly ionized Fe XXV emission feature indicative of
photoionized gas with an ionization parameter log¢é = 3.757037ergs™' cm and a column density of
log Ny > 22 cm ™2 localized within ~2 pc from the X-ray source; and (vi) possible signatures of a highly
ionized disk wind. Together with previous evidence for intense molecular line emission, these results indicate that
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3C 120 is likely a late-state merger undergoing strong AGN feedback.
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1. Introduction

Evidence increasingly points toward the possibility that
virtually every galaxy hosts a supermassive black hole (SMBH)
at its core, and that the evolution of both the SMBH and the
galaxy’s baryonic component, i.e., stars and the intergalactic
medium, may be intimately linked. The origin of this co-evolution
is highly debated but it is likely that active galactic nuclei (AGNs)
play an important role through a process known as “feedback”
(e.g., Silk & Rees 1998; Fabian 1999; Springel et al. 2005; Croton
et al. 2006; Hopkins et al. 2008; Tombesi et al. 2015). Depending
on whether the source is radio-quiet or radio-loud, the feedback is
usually referred to as a quasar/wind mode or radio/jet mode,
respectively (e.g., Fabian 2012; King & Pounds 2015).

The dichotomy between radio-quiet and radio-loud AGNs is
still not fully understood, but it seems that the latter are more
preferentially found in elliptical /disturbed galaxies and minor
mergers (e.g., Xu et al. 1999; Sikora et al. 2007; Chiaberge et al.
2015). The black hole spin may also play a role in driving the
most powerful jets (e.g., Wilson & Colbert 1995; Hughes &
Blandford 2003; Sikora et al. 2007; Garofalo et al. 2010;
Tchekhovskoy et al. 2010). Moreover, the accumulation of
magnetic flux near the black hole horizon has been suggested to
play a role in the radio-loud/radio-quiet dichotomy as well (e.g.,
Tchekhovskoy et al. 2011; Sikora & Begelman 2013). On the
other hand, deeper observations, especially in the X-ray band, are
showing that the differences in the central engines between the

two classes of sources are rather subtle (Hardcastle et al. 2009;
Tazaki et al. 2013; Bostrom et al. 2014).

Sensitive X-ray observations of radio galaxies show evidence
of winds in this class of sources, similar to those observed in
Seyferts, which are radio-quiet as a class (Tombesi et al. 2010a,
2013a; Gofford et al. 2013). Warm absorbers (WAs) have been
reported in 3C 382, 3C 445, 3C 390.3, and 4C+74.26 (Ballan-
tyne 2005; Reeves et al. 2009, 2010; Torresi et al. 2010, 2012;
Tombesi et al. 2016). Moreover, more extreme ultrafast outflows
(UFOs) have also been reported in 3C 111, 3C 120, 3C 390.3,
3C 445, 4C+74.26, and Cygnus A (Tombesi et al. 2010b, 2011;
Ballo et al. 2011; Braito et al. 2011; Gofford et al. 2013; Reynolds
et al. 2015). A recent X-ray study of a sample of 26 radio galaxies
reported that the frequency of UFOs is likely in the interval
=~ (50 £ 20)% (Tombesi et al. 2014). Thus, contrary to the jet
dichotomy, it seems that some types of winds may be present in
both radio-quiet and radio-loud AGNs. Some of these winds may
be powerful enough to provide concurrent contributions to AGN
feedback with jets (Tombesi et al. 2012a, 2012b; Gofford
et al. 2015).

Spectral features indicating reflection from the inner
accretion disk and the parsec-scale torus or broad-line region
have been reported in several radio galaxies as well (e.g.,
Kataoka et al. 2007; Sambruna et al. 2009; Tazaki et al. 2013;
Tombesi et al. 2013b; Bostrom et al. 2014; Lohfink et al.
2015). Indeed, the presence of signatures of the accretion disk,
winds, and jets in the composite broadband spectra of broad-
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Table 1
Chandra HETG Observations Log for 3C 120
Obs ID Date Exp Rate
1 16221 2014 Dec 19 78 0.82/0.40
2 17564 2014 Dec 22 30 0.77/0.38
3 17565 2014 Dec 27 43 0.53/0.26
4 17576 2015 Jan 27 43 0.82/0.41

Note. Columns: observation number; observation ID; observation date;
exposure in ks; MEG/HEG count rates.

line radio galaxies (BLRGs) make them the ideal objects for
studying the interplay among these components (e.g., Marscher
et al. 2002; Chatterjee et al. 2009, 2011; Tombesi et al. 2011,
2012b, 2013b; Lohfink et al. 2013; Fukumura et al. 2014,
Clautice et al. 2016).

Here, we present an analysis of a long 200 ks Chandra high-
energy transmission grating (HETG) spectrometer observation
of the radio galaxy 3C 120 (z = 0.033). This is the second
paper in this series; the previous one was focused on the radio
galaxy 3C 390.3 (Tombesi et al. 2016). The combined high-
energy resolution and moderate sensitivity in the wide energy
band E = 0.5-7keV provided by the Chandra HETG
spectrum are crucial for the detection of possible emission
and absorption features from a wide range of ionization
species, and it will provide one of the best high-energy
resolution spectra of a radio galaxy to date.

The radio galaxy 3C 120 is particularly interesting for
several different reasons: it has a border-line classification
between FRI and FRII, exhibiting a one-sided low inclination
jet with bright X-ray knots (Harris et al. 2004); superluminal
knots have been detected at parsec scales in the radio jet
(Gomez et al. 2000); it has been detected in the ~-ray (Kataoka
et al. 2011); it showed puzzling emission features in the soft X-
ray (Petre et al. 1984; Torresi et al. 2012; Tombesi et al. 2014);
its host galaxy is a disturbed SO galaxy, possibly the remnant of
a minor merger; and it also shows significant molecular gas
emission (Mazzarella et al. 1993; Evans et al. 2005). Therefore,
this source may well represent a bridge between blazars, radio
galaxies, Seyferts, and the final merger state of ultraluminous
infrared galaxies (ULIRGs).

2. Data Reduction and Analysis

Here, we describe the analysis of the Chandra HETG
spectrum of the radio galaxy 3C 120. The observation is
composed of four exposures performed within one month
between 2014 December and 2015 January for a total exposure
of about 200 ks; see Table 1 for details. No significant spectral
variability is observed between the four exposures and the
spectra are consistent with only ~3% and ~10% variations in
photon index and source count rate, respectively.

The spectra were extracted using the CIAO package v4.7 and
the associated CALDB. Only the first order dispersed spectra
were considered for both the medium-energy grating (MEG)
and high-energy grating (HEG), and the +1 orders for each
grating were subsequently combined for each sequence. The
spectra from the separated exposures were combined to yield a
single 1st order spectrum for each of the MEG and HEG
gratings. The background count rate is found to always be
negligible. The resultant spectra were binned to the full width
half maximum (FWHM) of their spectral resolution, which
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Figure 1. Combined Chandra MEG (black) and HEG (red) spectra of 3C 120
compared to a Galactic absorbed power-law continuum model. Upper panel:
spectra and continuum model; the data are divided by the response effective
area for each channel. Lower panel: data-to-model ratio. We note the presence
of soft X-ray absorption residuals and several emission lines. The data are
binned to 4x the FWHM resolution and to a minimum signal-to-noise of 5 for
clarity.

corresponds to A\ = 0.023A and AX = 0.012A bins for
MEG and HEG, respectively. The MEG and HEG spectra were
analyzed in the energy bands FE =0.5-7keV and
E = 1-7.5keV, respectively. The analysis of the background
subtracted source spectra was performed using XSPEC v.12.8.2
and the C-statistic was applied. We performed simultaneous fits
of the MEG and HEG spectra, allowing a free cross-normal-
ization constant whose fitted value was always consistent with
unity. All parameters are given in the source rest-frame and the
errors are at the 1o level if not otherwise stated. Standard solar
abundances are assumed (Asplund et al. 2009).

2.1. Phenomenological Spectral Analysis of 3C 120

We started the spectral analysis including a continuum power
law with T' >~ 1.7(C/v = 2407/2220). A Galactic absorption
of Ny = 1.1 x 10°cm ™ modeled with wabs in XSPEC is
included in all the fits (Kalberla et al. 2005). Equivalent results
are obtained using the 7Babs model in XSPEC. An inspection of
the data in Figure 1 show the possible presence of absorption
residuals in the soft X-ray, and possible emission lines. Indeed,
an additional neutral absorber intrinsic to the source, with a
column density of Ny = (4.3 + 0.5) x 102cm 2, is highly
required (AC/Av = 81/1). Equivalent results are obtained
using either the zwabs or zTBabs models in XSPEC.

2.1.1. Emission Lines in the Soft X-Ray Band

In Figure 2 we can see a series of possible emission features
in the energy range between E = 0.65-0.85keV. When
modeled with Gaussian emission lines, the rest-frame energies
of the two most significant features are at E = 719 &+ 3 eV and
E = 7772 eV, respectively. The parameters of the lines are
reported in Table 2. We consider only the lines with a fit
improvement of AC >4 for two additional degrees of
freedom, corresponding to a detection significance higher than
90%.
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Figure 2. Upper panel: data-to-model ratio of the Chandra MEG spectrum of
3C 120 in the E = 0.65-0.85 keV energy band with respect to a Galactic
absorbed power-law continuum model. The data are binned to 2x the FWHM
resolution and a minimum signal-to-noise of 5 for clarity. The vertical lines
indicate the possible identifications. Lower panel: best-fit model including a hot
emission component for the soft X-ray lines. The dotted line indicates the
absorbed continuum.

Table 2
Best-fit Parameters of the Emission Lines in 3C 120

E o 1 EW D AC

Soft X-Ray Emission Lines

719+ 3 8+2  23.0+80 8+2  FexvH 12
77742 <50 58+ 34 2+ 1  Fexvi/O vil 5
Fe K emission lines
623278, <330 0.5%93 8+4  FeKa, 6
6394 + 5 <20* 19403 32+6 FeKa 40
670315, <40 0.6:94 11+£5  Fexxv Hea 6
705573 <80 1.0+ 04 2078 Fe K3 9

Notes. Columns: rest-frame energy in eV; line width in eV; intensity in units of
107 ph g1 cm’z; EW in eV; line identification; C-statistics improvement
after including the Gaussian line. The line identifications are derived from the
National Institute of Standards and Technology (NIST) database at www.nist.
gov Verner et al. (1996) and Kaye & Laby at www.kayelaby.npl.co.uk.
%90% upper limit.
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The E ~ 719 eV feature is relatively broad, with a width of
o =8 4 2eV. The closest lines’ to the first emission feature
are the ionized Fe L-shell doublet of Fe XVII, with transitions
respectively at energies of E = 727eV and E = 739 eV.
Another spectral feature close to the observed energy is the
O VIIradiative recombination continuum (RRC) at £ = 739 eV
(e.g., Liedahl & Paerels 1996). The only other features around
this energy are the Lo and L3 fluorescence lines from neutral
or lowly ionized Fe at E=705eV and E =719¢eV,
respectively. The possible alternative interpretations of this
feature are discussed in the following section using more
physical models.

The second emission line at the energy of E = 777 eV may
be associated with the FeXVvil 2p — 3s doublet at
E=777eV and E=779eV, or with Ovil Ly3 at
E =775¢eV. The latter possibility is supported by the
detection of O vlll Lya at E ~ 650 eV in the XMM-Newton
reflection grating spectrometer (RGS) spectrum (Ogle et al.
2005; Torresi et al. 2012). The XMM-Newton RGS provided
better signal-to-noise data at energies below E ~ 700 eV,
while Chandra HETG is superior at higher energies.

2.1.2. Emission Lines in the Fe K Band

In Figure 3 we show the ratio between the data and the
absorbed power-law continuum in the Fe K region between
E = 5.5-7.5keV. We note the presence of several emission
features.

The emission line at energy E = 6394 + 5 eV is detected with
very high significance (AC/Av = 40/2), and it is clearly
identified with the Fe Ko fluorescence emission doublet from
neutral or lowly ionized material (Ko at E = 6391 eV and Ko,
at E = 6404 eV). The emission line at E = 6232J_r§3 eV, though
less significant, is at the exact energy expected for the Compton
shoulder of the main Fe K« line of E ~ 6240 eV (e.g., Matt 2002;
Watanabe et al. 2003; Yaqoob & Murphy 2011).

The emission line at E = 7055%31 eV is instead at an energy
consistent with the accompanying Fe K fluorescence line at
E =7058 eV. If this interpretation is correct, then the
equivalent width of this feature is estimated to be ~60% of
the Ka. This is much larger than the typical value of ~11%
expected for the K3 from atomic physics (e.g., George &
Fabian 1991). One possible explanation for this discrepancy
could be that the K3 line is blended with other features. The
closest emission feature would be FeXXVI Lya at
E =6970eV. However, this possibility seems unlikely
because the K line is unresolved.

The Fe K3/Fe Ka ratio of emission line photons that escape
from the obscuring torus may be higher than the tabulated
value when the medium is optically thick to absorption of
either of the two emission lines. This is due to the differential
absorption opacities for the Fe Ko and Fe K lines. Moreover,
possible clumpiness in the torus may affect this ratio. In the
next section we explore more physically motivated models for
these features and discuss a possible interpretation for the
discrepancy in the equivalent width ratio.

The emission feature at E = 67033, eV is consistent with
the energy of the Fe XXV Hea resonance emission line at
E = 6700 eV. A similar feature was also observed in lower-
energy resolution spectra from Suzaku and XMM-Newton (e.g.,

°  The line identifications are derived from the National Institute of Standards
and Technology (NIST) database or Verner et al. (1996).
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Figure 3. Upper panel: data-to-model ratio of the Chandra HEG spectrum of
3C 120 in the E = 5-7.5 keV energy band with respect to a Galactic absorbed
power-law continuum model. The data are binned to the FWHM resolution.
The vertical lines indicate the expected energies of the major Fe K transitions.
The vertical arrow indicates the possible blueshifted Fe K absorption residuals.
Lower panel: best-fit model including emission from cold reflection and
photoionized gas.

Tombesi et al. 2010b, 2014; Gofford et al. 2013; Lohfink et al.
2013). The limited signal-to-noise and bandwidth in the Fe K
region of the present Chandra HETG spectrum does not allow
us to detect the broad Fe K emission feature previously
reported in a Suzaku observation (Kataoka et al. 2007). The
parameters of the lines are reported in Table 2.

2.2. Spectral Analysis of 3C 120 with Physical Models

After the initial phenomenological modeling, we performed
a more physically motivated fit of the spectrum. The starting
model was an absorbed power law.

2.2.1. Emission Lines in the Fe K Band

We replaced the Fe Ko emission line in turn with a cold
reflection component pexmon (Nandra et al. 2007), and an
ionized reflection component xillver (Garcia et al. 2014). We
assumed an inclination angle of 20° consistent with the radio
jet (Jorstad et al. 2005), a standard solar abundance for iron and
a high-energy cutoff of £ = 300keV as estimated from hard
X-ray observations (e.g., Kataoka et al. 2007; Tombesi et al.

Tombesi et al.

2014). The pexmon reflection component also includes the Fe
Ko and K3 emission lines at E = 6.4keV and E = 7.058 keV
with an equivalent width ratio of 11%, and the Ni Ko at
E = 7.470keV with a flux of ~5% of the Fe Ka.

The Compton shoulder of the Fe Ko line, denoted as Fe
Ka,, is included in pexmon, but it is only roughly
approximated as a Gaussian emission line at the energy
E = 6.315keV, with a width ¢ = 35 eV, and an equivalent
width (EW) following the prescription of Matt (2002). This
may be a reasonable approximation for low-resolution spectra,
in which the line and Compton shoulder are blended together,
but it may be not adequate for the high-resolution Chandra
HETG data discussed here.

An initial fit comparing pexmon to xillver shows that the
former component is preferred, giving a reflection fraction of
R =0.22 4+ 0.04. The reflection fraction is defined as
R = Q/2m, where () is the solid angle of the reflector. This
is consistent with previous broadband analyses (e.g., Kataoka
et al. 2007; Tombesi et al. 2014). The statistical improvement
of the inclusion of the pexmon component with respect to the
absorbed power-law continuum is very high, AC/Av = 47/1.
There is no requirement for broadening of this component,
consistent with the fact that the Fe Ka line is unresolved
(or < 20 eV) and likely due to material relatively distant from
the SMBH. The alternative modeling with a xillver component
provides a lower statistical improvement (AC/Av = 38/2),
with an upper limit on the ionization parameter of
logé < 0.8erg s~ cm, again consistent with lowly ionized or
neutral material.

In order to derive a proper model of the Fe K« emission line,
the associated Fe K3, and the Compton shoulder, we replaced
pexmon using the more detailed torus reflection model
MYTorus (Murphy & Yaqoob 2009; Yaqoob & Murphy
2011). The main parameters of this model are the power-law
slope, assumed to be the same as the power-law continuum, the
inclination angle, assumed to be § = 20° from the radio jet
(Jorstad et al. 2005), and the torus column density. The
inclusion of this component provides a very good fit, with a
statistical improvement of AC/Av = 45/1. The column
density is estimated to be Ny > 6 x 102 cm ™2 at the 90%
level. Even if this fit is statistically comparable to the one using
pexmon, in the following we will use MYTorus because it
provides a more physically self-consistent treatment of the
X-ray reflection from cold distant material in a toroidal
configuration.

The ratio between the Fe Ko and the Compton shoulder
C = (0.1 + 0.1 cos ) depends on the inclination of the system
0 (e.g., Matt 2002). Considering an inclination consistent with
the one of the radio jet of § = 20°5 + 1°8 (Jorstad et al. 2005)
and the EW =~ 32 eV of the Fe Ko line from Table 2, we
estimate an EW of the Compton shoulder of EW ~ 7 eV,
which is consistent with the observed value. Given the low
inclination of 3C 120, the EW ~ 30 eV of Fe Ko suggests a
high column density of Ny > 1 x 10**cm ™2 for the torus,
which is outside of our line of sight. This is supported by the
detection of the Compton shoulder, which indicates a toroidal
structure  with a column density of the order of
Nu > 6 x 10** cm™2 from the best-fit using MYTorus.

Considering the torus reflection model developed by Ikeda
et al. (2009) and the calculations reported in Figure 7 of Tazaki
et al. (2013), assuming the parameters estimated for 3C 120,
i.e., an Fe Ko line with EW ~ 30 eV, an inclination angle of
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~20°, and a torus column density of Ny >~ 1 x 10**ecm ™2, we
derive that the torus should have a large opening angle of >80°
and therefore a small covering fraction. The main difference
between the torus model by Ikeda et al. (2009) and MYTorus is
geometrical, with the former assuming an almost spherical
geometry with cone-shaped bipolar holes, whose opening angle
is a free parameter, and a fixed torus-like geometry for the
latter. We note that we do not observe absorption from the torus
even if it is likely Compton-thick due to the large opening
angle of the torus and low inclination angle of the disk/
jet along our line of sight.

The ionized emission line at £ = 6.7keV can be modeled
with an xstar photoionized emission component (Kallman &
Bautista 2001). We calculated an xstar emission table consider-
ing a power-law continuum of I' = 1.7. The free parameters of
this model are the ionization parameter, the column density, and
the normalization. The normalization is defined as
N = fL,,, /D?, where f = Q /4 is the covering fraction of the
material, Lo, is the ionizing luminosity in units of 10°8 erg s !
from 1 (1 Ryd = 13.6eV) to 1000 Ryd, and D is the distance of
the observer to the source in kiloparsecs. The emitter normal-
ization and column density are degenerate. By assuming a
covering fraction f= 1 we can derive a lower limit for the
column density. Substituting the appropriate values of distance'®
D ~ 135 x 10°kpc for 3C 120 and the absorption-corrected
ionizing luminosity of Li,, ~ 3.8 x 10%(x 10°%) erg s ! extra-
polated from the best-fit model, we obtain an estimate for the
normalization of N ~ 2 x 107*. The inclusion of this comp-
onent is required with a significance of 99% (AC/Av = 9/2).
The resultant ionization parameter is high, log¢ = 3.75793
ergs ' cm. The ionization parameter is defined as
€ = Lion/nr¥erg s ' cm (Tarter et al. 1969), where n is the
number density of the material, and 7 is the distance of the gas
from the central source. We can also estimate a lower limit for
the column density of Ny > 1 x 10cm 2. Even after
including the cold reflection and photoionized emission
components we find that there is still a marginally significant
excess of emission at the energy of the neutral Fe Kf(
fluorescence line. The best-fit model is shown in the lower
panel of Figure 3.

2.2.2. Emission Lines in the Soft X-Rays

We tested several models to explain the soft X-ray emission
lines. We started by including a collisional ionization
component using the apec model (Smith et al. 2001). We also
included a Gaussian broadening given that the line was
resolved. In this case the line would be interpreted as emission
from Fe XVII Lya and slightly lower ionization species. The
best-fit parameters are a broadening of o = 2.7f(2)j? eV, a
temperature of kT = 0.47)7keV, and a normalization of
N = (2.17}3) x 107*. The fit improvement is AC/Av=10/3.

We also considered a non-equilibrium ionization collisional
plasma model, nei in XSPEC. This model allows us to
approximate the condition in shocks or hot plasmas and is also
applicable to supernova remnants (e.g., Borkowski et al. 2001).
This provides a higher fit improvement of AC = 13/3
compared to a simple apec model. We estimate a broadening
of FWHM = 2400130 kms ™', a temperature of kT =
(0.779) keV, an ionization timescale of 7= (1.37]3) x

10 Assuming cosmological parameters Hy = 73.00 km s~ Mpc’z, Qmatter = 0.27,
Qve\cuum =0.73.
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10""scm™>, and a normalization of N = (1.270%) x 10~*.

Equivalent results are obtained using the plane-parallel shocked
plasma model pshock in XSPEC.

The normalization of both the apec and nei models in XSPEC
is defined as N = 10""“EM/4n[Dsy(1 + 2)]?), where
Dy~ 3.9 x 10%° cm is the angular diameter distance to
3C 120. The emission measure EM is defined as EM=
f nenydV, where n, and ny are the electron and hydrogen
number densities in cm >, respectively. Given the normalization
of the nei component, we can estimate an emission measur-
e of EM = 2 x 108N = (2.4%]2) x 10%cm >,

We also investigated the interpretation that the emission
lines are due to a photoionized component, using the xstar
model. We assume the same xstar emission table used for the
Fe K band, considering a power-law continuum of I' = 1.7 and
a turbulence velocity of 100kms~'. We also considered a
normalization of N ~ 2 x 10™* consistent with the source
parameters assuming a covering fraction of unity.

The inclusion of this component provides a lower fit
improvement compared to the previous ones of
AC/Av =17/2. The bestfit ionization parameter is
logé = 2.157017 ergs~' cm, and the lower limit on the column
density is Ny > 1 x 102°cm 2. In this case the feature
at E ~ 777 eV would be interpreted as O vIIl He3. However,
this modeling does not provide an adequate characterization of
the emission feature at £ ~ 719 eV because in this case the
closest feature would only be O VIl RRC at E ~ 739 eV.

We note that similar soft X-ray features were also reported in
the XMM-Newton RGS spectrum of 3C 120 performed by
Torresi et al. (2012). The authors tested two possible scenarios:
Fe XVII from a collisionally ionized gas or O VII RRC from a
photoionized gas. Torresi et al. (2012) concluded that the
limited signal-to-noise and complexity of the data could not
favor either one of these two possibilities, leaving the origin of
the emitting gas as an open question. Moreover, Tombesi et al.
(2014) reported the detection of an excess emission in the soft
X-ray band using Suzaku, but the feature was phenomenolo-
gically parameterized with a simple blackbody component with
a temperature k7 ~ 0.4keV given the insufficient energy
resolution of that detector.

Finally, we tested an alternative interpretation of the soft
X-ray emission lines as being due to L-shell fluorescence from
neutral or slightly ionized Fe. Fe L-shell fluorescence lines
would be expected at energies of E = 705 eV, E = 719 eV,
and E =792 eV, which are roughly consistent with the
observed features.

Although this is an intriguing possibility, when we consider
a physical model for the reflection of cold material such as
pexmon or MYTorus we note that the low-energy photons are
drastically affected by photoelectric absorption from the same
medium that should give rise to the Fe L lines. Therefore,
neutral Fe L fluorescence features would be undetectable in this
physical scenario.

Instead, Fe L-shell resonance emission lines may be more
intense if we consider lowly or mildly ionized reflection. In the
previous section we discussed a fit using the xillver model,
which can provide a relatively good model of the Fe K line
with very low ionization, log¢ < 0.8 erg s cm™'. However,
checking the region around E = 0.7-0.75keV, we find no
detectable features from the model because ionized Fe L-shell
resonance lines, along with many other unobserved features,
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would show up only for much higher ionization levels around
logé ~ 2 erg s cm™ 2.

Therefore, an origin of the prominent emission feature at
E ~ 0.7-0.75 keV from hot gas is preferred over fluorescence,
photoionization, and ionized reflection. The best-fit model is
shown in the lower panel of Figure 2.

2.2.3. Absorption in the Soft X-Ray and Fe K Bands

We performed a search for possible absorption features in
both the soft X-rays and in the Fe K band. In the soft X-ray
band we do not find absorption lines with a statistical
significance higher than 99%, indicating that, if present, the
WA is either highly ionized or it has a low column density.
This is consistent with previous studies using XMM-Newton
RGS (Ogle et al. 2005; Torresi et al. 2012). Using an xstar
photoionized absorption table and assuming a typical ionization
of logé ~ 2.5 erg s ' cm, as detected in the WA of other
BLRGs (Reeves et al. 2009; Torresi et al. 2010, 2012), we
estimate an upper limit of the column density of just
Ny <5 x 10 cm™2

Absorption lines indicative of UFOs in the Fe K band have
been reported in two Suzaku observations of 3C 120
performed in 2006 and 2012 (Tombesi et al. 2010b, 2014).
The outflow in the 2006 Suzaku observation was detected in
the energy range E ~ 7-7.3 keV, with velocity v, =~ 0.08c,
ionization parameter logé ~ 3.8ergs ' cm, and column
density Ny ~ 1 X 102cm 2 (Tombesi et al. 2010b).
The 2012 observation showed an outflow at E ~ 7.7keV
with higher velocity and ionization, i.e., Vg, = 0.16c,
logé ~ 4.9ergs ' cm, and Ny > 2 x 10**cm > (Tombesi
et al. 2014).

The signal-to-noise and limited high-energy bandwidth of
the Chandra HETG are not adequate to clearly detect such
features. Nonetheless, in Figure 3 there is a hint of absorption
features in the energy range between E ~ 7.2-7.4keV. We
checked for the presence of an outflow using an xstar
photoionization table with an input power-law continuum
slope of I' = 1.7 and a turbulence velocity of 1000 kms~'. We
find that an outflow may be present at the 99% level using the
F-test (AC/Av = 11/3). However, we note that the signifi-
cance may be lowered down to about 90%—-95% considering a
blind line search between E = 7.0-7.5 keV, which corresponds
to about 10 intervals at a HEG resolution of 50 eV. The best-fit
indicates an outflow velocity of vy, = 0.068 + 0.002¢c, an
ionization parameter logé = 3.48 51 erg s~ cm, and a col-
umn density Ny = (3.377¢) x 102! cm 2 These parameters
suggest the presence of a UFO with characteristics similar to
the one detected in the 2006 Suzaku observation (Tombesi et al.
2010b, 2014). The final best-fit model is shown in Figure 4 and
the parameters are listed in Table 3.

3. Discussion

The analysis of the Chandra HETG spectrum of 3C 120
reveals a rather complex multiphase and multi-scale environ-
ment in this radio galaxy. In the following we will describe a
physical interpretation for each component.

3.1. Emission in the Soft X-Rays

The soft X-ray band of 3C 120 below E ~ 1keV is rather
complex and the current Chandra data show a series of
emission lines in the energy range between E =~ 0.6-0.9 keV.
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Figure 4. Combined Chandra MEG (black) and HEG (red) spectra of 3C 120
compared with the best-fit model. Upper panel: spectra and continuum model;
the data are divided by the response effective area for each channel. Lower
panel: data-to-model ratio. The data are binned to 4x the FWHM resolution
and to a minimum signal-to-noise of 5 for clarity.

Table 3
Best-fit Model of the Chandra HETG Spectrum of 3C 120

Power-law Continuum

r 1.771 £ 0.008

Neutral abs

logNy (cm™2) 20.67 £ 0.05
Gsmooth X nei emission

FWHM (10° km s ") 2443
KT (keV) 0.7+37

7 (10" s em™3) 1353
EM (10% cm™3) 2442

MYTorus

0 (deg) 20
logNy; (cm™2) >24.8°

Xstar emission

logé (erg s~ ' cm) 3.7550%
Ny (10*' ecm ™) >10°

Xstar absorption

logé (erg s~ ' cm) 3487010

Ny (10*' em ™2 33175

Vou(€) 0.068 + 0.002
C-statistic

C/v 2256/2209

Flux?*
0.5-2 keV 34
2-7 keV 4.1

Notes.
2 Intrinsic power-law continuum flux in units of 10~ erg s~' cm 2.
® 90% lower or upper limit.
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The first report of possible thermal emission lines in the soft
X-ray spectrum of 3C 120 was published by Petre et al. (1984)
using Einstein Observatory data. The excess emission between
E = 0.5-2keV was modeled with a thermal bremsstrahlung
component with a temperature near 1 keV. The signature of this
component was the presence of weak emission lines at energies
consistent with Fe L, Mg K, and Si K. Similar soft X-ray
structures were also reported in the XMM-Newton and Suzaku
spectra of 3C 120 (Torresi et al. 2012; Tombesi et al. 2014).
The most intense of these features are likely associated with
ionized Fe L transitions.

We tested several different alternatives for the origin of the
emission in the soft X-rays and found that a non-equilibrium
ionization collisional plasma model with an electron temper-
ature of kT = (O.7f8[?) keV provides both the best-fit and a
physically plausible explanation. This model allows us to
approximate the condition in shocks or hot plasmas.

The fact that the data require a broadening of this hot emission
component indicates that there is an additional component
compared to just the thermal one, which for this 7 ~ 10’ K
plasma would be only vy, = /2kT /mp, =~ 50 kms~!. Instead,
the width of the emission component is much larger and
corresponds to a velocity broadening of FWHM =
240071490 km s ™', This additional velocity component could be
either associated with a spherical outflow or an expanding
spherical shock. We note that this velocity is much higher
than just the thermal broadening or turbulence from a hot
interstellar medium,both being typically less than 100kms '
(Werner et al. 2009).

We estimate an emission measure of EM = (2.47]2) x 10%
cm . Values of the emission measure of the order of
10°*cm ™ have also been reported for the hot interstellar
medium observed through Fe XVII emission at temperatures of
kT < 0.8keV in the cores of large elliptical galaxies (Werner
et al. 2009). Considering the emission measure and assuming a
fully ionized plasma, n. ~ 1.2ny, and considering a roughly
spherical volume of radius ~1.3 kpc corresponding to the
extent of the region observed with the Chandra HETG of ~2
arcsec, we then estimate a number density for the gas of
nyg ~ 0.5 cm . The temperature, density, and extension of the
gas are indeed consistent with the values expected for the hot
interstellar medium in giant elliptical galaxies (Xu et al. 2002;
Werner et al. 2009; Kim & Pellegrini 2012).

Evidence for an excess of emission in the Chandra image
from 1 to 3 arcsec with respect to the point-spread function
reported in Ogle et al. (2005) is consistent with extended soft
X-ray emission. We note that the resolving power of the grating
may decrease if the source is extended. For instance, from
Figure 8.23 of the Chandra proposers guide'' we see that the
MEG resolution could degrade down to E/AE ~ 200 for a
5 arcsec extended source at a wavelength of 17 A. Therefore,
at £~ 700 eV the resolution may degrade down to a worse
value of 3.5 eV. However, we note that the observed emission
line at E ~ 720 eV listed in Table 2 is resolved with a width
o =8 £ 2eV, which is at least twice larger than the worse
energy resolution. Subtracting the 3.5 eV resolution in
quadrature may only slightly reduce the broadening to around
7 eV, which is still consistent within 10. Moreover, the same
line, with consistent broadening, was also reported in the
XMM-Newton RGS spectrum by Torresi et al. (2012). Thus, we

1 http:/ /cxc.cfa.harvard.edu/proposer/POG/html/chap8.html#tth_sEc8.2
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are confident that the broadening of the line is not affected by
the soft X-ray emission region possibly extending up to a few
arcsecs.

The total X-ray luminosity between E = 0.1-10 keV estimated
for the hot gas in 3C 120 is Ly = 1.5 X 10* erg s~ In order to
keep the gas hot and prevent a catastrophic cooling flow, there
must be some source of energy. An order of magnitude estimate
of the cooling timescale for the hot gas associated with the galaxy
can be estimated as 7.,y = U /Ly, Where U is the internal energy
of the gas defined as U = (3/2)NkT, where N is the number of
particles and T is the temperature. For an estimated density of
n~0.5cm > and considering a spherical region of radius about
1.3 kpc and temperature 7~ 107 K, we derive U ~ 6 x 10
ergs. We can then estimate a short cooling time of the order of
~1 Myr or up to ~10 Myr using the prescription in Peterson &
Fabian (2006). Therefore, either most of the gas was heated more
recently than this timescale or there is an additional source of
heating that keeps it hot.

Shocks or outbursts can disturb the typical collisional plasma
found in the galactic interstellar medium. The spectrum emitted
by this plasma contains diagnostics that have been used to
determine the time since the disturbing event, although this
determination becomes uncertain as the elements return to
equilibrium. For instance, this method has been used to
determine the age of supernova remnants or to determine when
individual knots in the ejecta were shocked (e.g., Hwang &
Laming 2003; Yatsu et al. 2005).

From our best-fit with a non-equilibrium ionization model we
estimate an ionization timescale of 7 = (1.37}3) x 10''s cm .
Figure 1 in Smith & Hughes (2010) shows the typical timescales
it takes for different ions to reach equilibrium for different
temperatures. For a temperature of 7~ 10’ K, estimated here
from the Fe L emission lines, we see that a characteristic
timescale to reach 90% of equilibrium would be much
longer, 7 >~ 9 x 10"'s cm™>. Therefore, the observed gas is
about a factor of seven in time away from reaching equilibrium.

Considering the indicative number density of n >~ 0.5 cm >,
we obtain a timescale of ~10"! s, or about 10,000 years since
the main disturbance of the gas occurred. It is tempting to relate
such a timescale to the onset or to intermittent outburst activity
of the powerful jet or winds in this AGN, perhaps in line with
evolutionary scenarios (Reynolds & Begelman 1997; Czerny
et al. 2009; Baldi et al. 2015). This scenario is also consistent
with the possible thermal emission from isothermal shocks
suggested by Halpern (1985) as an explanation of the
continuum emission and variability of 3C 120 using data from
the Einstein X-ray observatory. The shocks in Halpern (1985)
have higher density, velocity ( ~ 20,000 kms™'), and
temperature (k7 ~ 7 X 107 K), and are located closer to the
black hole (at ~parsec scales) compared to the ones observed
through Fe L line emission here and in Petre et al. (1984). In
analogy to supernova remnants, this may indicate a super-
position or stratification of AGN shocks with various locations
and ages.

Further support for the hot gas being heated by AGN-driven
shocks also comes from comparison of the warm mid-IR H,
emission compared to the thermal emission in radio galaxies. In
particular, Ogle et al. (2010) detected the H, S(1) line in 3C 120,
suggesting that the most likely heating mechanism is jet-driven
shocks in a multiphase interstellar medium. Moreover, Lanz et al.
(2015) reported a similar luminosity in the mid-IR H; lines and in
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the thermal X-ray emission for radio galaxies whose mid-IR
spectra indicate the presence of shocks.

This evidence, together with the large velocity broadening of
the hot emission component in 3C 120, about 1000 km s L
points to the possibility that the velocity width could be due to
a spherical outflow or an expanding spherical shocked bubble,
perhaps driven by the winds or jet from the central AGN. We
note that the Fermi bubbles observed in our Milky Way indeed
have comparable temperatures and sizes, and they are estimated
to be expanding with a shock speed of vk =~ 1000 km s
(Fox et al. 2015; Nicastro et al. 2016).

We note that 3C 120 shows both UFOs and radio jets with
powers of Pygo ~ 1 X 10% erg s 'and Pjey ~ 5 % 104 erg s,
respectively (Tombesi et al. 2010b, 2014; Torresi et al. 2012). Hot
shocked bubbles are indeed expected from theories of AGN
feedback driven by winds or jets (e.g., Wagner et al. 2012, 2013;
Zubovas & Nayakshin 2014). As the AGN wind sweeps up the
ambient medium the forward shock decelerates, producing cooler
gas with a temperature of T ~ 10’ K for a shock velocity of
Vehook =~ 1000km s ™', Momentum conservation implies that the
mean density swept up by the AGN wind is then of the order
of n~0.1cm for an AGN luminosity of L ~ 10% ergs™!,
a shock radius of R; ~ lkpc, and a velocity of vgoe ~
1000 km s . The typical X-ray luminosity for such wind-shocked
gas from bremsstrahlung is Lx ~ 102 ergs™' (Boume &
Nayakshin 2013; Nims et al. 2015). These parameters are indeed
consistent with estimates for the hot X-ray-emitting gas in
3C 120.

A possible variability of the emitter was reported by Petre
et al. (1984). Torresi et al. (2012) reported the following
parameters for the emission line in the XMM-Newton RGS
spectrum of 3C 120, obtained in 2003: line ener-
gy E~730eV, flux I=~7 x 1075 phs ' cm 2 and line
width FWHM = 48007330 kms~'. Compared to the para-
meters of the emission line in our Chandra HETG spectrum
reported in Table 2, the main difference in the 11 years
spanning between the two observations is a factor of 3 increase
in line flux. In the framework of a hot shocked bubble, we
would expect an increase in X-ray bremsstrahlung luminosity
as the wind shock expands to larger radii (e.g., Nims
et al. 2015). Future high-energy resolution observations of
the source may confirm this scenario.

On the other hand, we note that the X-ray emission expected
from star formation can be estimated as Ly5-skev)=
4 x 10%(My/1 M, yrYergs™', with a scatter of ~ 0.4
dex, where M, is the star formation rate (Mineo et al. 2014).
Given the star formation rate in 3C 120 of My =
2.8f?;8 M, yr~! estimated by Westhues et al. (2016) using
multi-wavelength data, the resultant X-ray luminosity would be
orders of magnitude lower than that observed.

The radio galaxy 3C 120 is an isolated, peculiar SO galaxy
about 25 kpc in diameter. The optical appearance is complex,
with multiple dust lanes and two suggestive spiral arms that
become radial features at a projected distance of about 6.3 kpc
from the core. It is not clear whether the peculiar optical
morphology, perturbed rotation curve and wide-spread
enhanced star formation are due to the effects of tidal
perturbation or interaction of the radio jet with the galaxy
(Harris et al. 2004). It has been suggested that the optical data
indicate a merger that is near completion (Heckman et al. 1986;
Moles et al. 1988).
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Indeed, integral field spectroscopy of the central regions of
3C 120 shows evidence of shells in the central kpc region that
may be remnants of a past merging event in this galaxy and/or
interaction of the radio jet with the intergalactic medium
(Garcia-Lorenzo et al. 2005). 3C 120 is a bulge-dominated
galaxy probably experienced a merging event with a less
massive galaxy. That galaxy was completely disrupted in the
merging process, falling in parts that probably produced many
of the observed optical structures. There is also evidence that a
substantial fraction of its gas has been channeled toward the
inner regions, perhaps activating a new feeding phase for the
central SMBH (Garcia-Lorenzo et al. 2005).

Indeed, CO emission data add substantial support to the
hypothesis that 3C 120 involves a merger of gas-rich galaxies.
The CO line profile is broad with a FWHM = 500 kms ™' and
a full width at zero intensity (FWZI) of 710 km s ! (Mazzarella
et al. 1993; Evans et al. 2005). The velocity broadening is
probably dominated by rotation, but there is also a component
coming from disturbances due to the radio jet or AGN wind.
The estimated H, mass is large, logM(H,) = 9.79 M. This
corresponds to about twice the molecular gas content of the
Milky Way. These CO data corroborate evidence from optical
imaging that this and similar radio galaxies originate in
collisions and mergers between disk galaxies, as also recently
suggested by other authors (e.g., Chiaberge et al. 2015).

Combined radio, optical, and Chandra X-ray images show
complex interactions and shocks between the radio jet and
colder material. Harris et al. (2004) showed that the radio jet
may be impacting a cold, spiral-like structure observable at 4
arcsec (about 2.5 kpc) from the nucleus. Bright radio, X-ray,
and optical jet knot emission is observed at this location (Harris
et al. 2004). Evidence for complex mixing between hot
shocked gas and cold gas due to the interaction between AGN
winds or jets has been recently reported in an increasing
number of studies (e.g., Morganti et al. 2013; Tadhunter
et al. 2014; Feruglio et al. 2015; Tombesi et al. 2015; Dasyra
et al. 2016). All these characteristics may place 3C 120 in a
comparable parameter space as AGN-dominated ULIRGs
(Veilleux et al. 2013; Cicone et al. 2014).

3.2. Lack of a Warm Absorber

We do not detect any significant ionized absorption feature
in the soft X-ray. This is consistent with previous studies using
XMM-Newton RGS (Ogle et al. 2005; Torresi et al. 2012) and a
shorter Chandra HETG (McKernan et al. 2007). Using an xstar
photoionized absorption table and assuming the typical
ionization of the WA detected in other BLRGs of
logé ~ 2.5ergs™' cm and a velocity consistent with zero at
the source rest-frame (Reeves et al. 2009; Torresi et al. 2010,
2012), we estimate a very low upper limit of the column
density of a possible WA of just Ny < 5 x 10" cm™2

From the previous discussion of hot emission in the soft X-
ray, we suggest that the lack of a WA may be due to the fact
that the temperature of the hot interstellar medium of 7' ~ 10’
K is much higher than the typical temperature for WAs,
T~ 10° K (Chakravorty et al. 2009). Therefore, it is plausible
that the warm absorbing gas often observed in Seyfert galaxies,
if present, has been heated up too much and thus is not
observable.
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3.3. Fe K Emission and Absorption

The Fe K band spectrum of 3C 120 in Figure 2 is very rich,
showing a series of at least four narrow emission and
absorption lines due to iron at different ionization states: an
unresolved Fe Ka emission line at E ~ 6.39 keV, an associated
Compton shoulder at F ~ 6.23keV, and Fe K3 at E ~
7.05 keV from cold or neutral gas.

The Fe Ka emission line is unresolved, with a FWHM of
less than 2300kms™', consistent with previous estimates
(Yaqoob & Padmanabhan 2004; Shu et al. 2010). This value is
comparable to the width of the core of the broad-line region
(BLR) observed in optical Ha and HgG lines (Kollatschny
et al. 2014), possibly suggesting a spatial overlap between the
cold X-ray material and optical line emitting gas. The
narrowness of the line may also be consistent with the low
inclination, 20°, observed from the radio jet (Jorstad
et al. 2005).

Note that although the FWHM of the Ha/HS lines is about
2000 km s, the FWZI calculated considering the width of the
line at which it reaches the continuum level is much larger,
reaching velocities of up to 15,000kms™' (Phillips &
Osterbrock 1975; Osterbrock 1977). The large difference
between the FWHM and the FWZI indicates that the lines
should have broad and complex wings. The FWZI is indeed
more representative of the full range of velocities in the BLR.
Such broad wings could possibly be associated with the part of
the BLR that is closer to the black hole, if they are due to
rotation and/or a possible fast bipolar outflow component. If
the Fe Ka at E ~ 6.4keV is related to the BLR, then it may
show similar broad wings. However, the signal-to-noise of the
current Chandra HETG observation is not high enough to test
this possibility.

A detailed characterization using models of X-ray reflection
from cold material gives a low reflection fraction of
R = 0.22 + 0.04, consistent with the relatively low EW of
the Fe Ko emission line of EW = 32 + 6eV. The column
density of the torus is estimated to be Compton-thick, with
Nu > 6 x 10**cm ™2 in the equatorial plane if the MYTorus
geometry is assumed. The detection of a Compton shoulder to
the main Fe Ko line is consistent with these estimates (Awaki
et al. 2008). The overall low reflection fraction may indicate a
clumpy torus outside the line of sight or a high opening angle
of the reflecting material (e.g., Tazaki et al. 2013).

Comparing the extrapolated £ = 2—10 keV X-ray luminosity
of Ly 1o~ 1.4 x 10%erg s~ ! and EW = 32 + 6eV derived
here for 3C 120 with the Figure 7 in Ricci et al. (2013) we see
that the values for this radio galaxy are consistent with those
expected in the range between Seyferts and quasars. This is
consistent with the X-ray Baldwin effect, which would relate
the decrease of the covering factor of the torus with the increase
in luminosity (e.g., Iwasawa & Taniguchi 1993).

The shape and strength of the neutral Fe Ko emission line
suggest that the material feeding the accretion disk, or the torus,
may be in the form of Compton-thick, clumpy clouds in an
equatorial distribution. This is consistent with a recent model
linking the micro and macro properties of AGN feeding and
feedback (Gaspari & Sadowski 2017; Gaspari et al. 2017). In
this model the inflow occurs via chaotic cold accretion, in
which a rain of cold clouds condensing out of the quenched
cooling flow is recurrently funneled via inelastic collisions. At
the accretion disk scales, the accretion energy is transformed
into UFOs and jets, ejecting most of the inflowing mass. The
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relatively high Eddington ratio of 3C 120 of L/Lgqq ~ 0.3 is also
consistent with the accretion disk being mostly relatively cold and
efficient, with episodic thermal or magnetic instabilities linked to
jet ejection events (Chatterjee et al. 2009; Tombesi et al. 2010b;
Lohfink et al. 2013).

Besides emission and reflection from cold material, an Fe XXV
Hea emission line at E ~ 6.7 keV is also indicative of the presence
of a significant amount of highly ionized gas in the central regions
of this source. From the photoionization modeling we derive an
ionization parameter of log¢é = 3.75703] ergs™' cm and a column
density of Ny > 1 x 10 cm 2 From the definition of the
ionization parameter, and assuming a compact spherical shell
distribution (AR/R < 1), we can estimate an upper limit on the
distance of the emitting material from the X-ray source as
Riax = Lion /&Ny (e.g., Tombesi et al. 2013a; Gofford et al.
2015). Substituting the estimated column density, ionization
parameter, and ionizing luminosity, we derive an upper limit
of ~2 pc.

Absorption residuals in the energy range E ~ 7.2-7.4keV
are suggestive of a possible UFO with a mildly relativistic
velocity of vy, = 0.068 £ 0.002c, a high ionization parameter
logé = 3.48")jergs ' cm, and a column density of
Ny = (3.37%%) x 10*' cm 2. These parameters are consistent
with the UFO detected in a previous 2006 Suzaku observation
(Tombesi et al. 2010b, 2014). Considering the previous
formula for R,,.x used for the ionized emitter, and substituting
the parameters estimated from the fit, we can derive an upper
limit of the distance of the absorber from the X-ray source of
less than ~10 pc.

Interestingly, the ionization parameter, column density, and
distance of the Fe XXV emitter and the UFO are comparable,
suggesting the possibility that the ionized emission and
absorption may originate from the same or related material.
Therefore, we may be observing emission and absorption from
the same extended outflow, as also evinced from Suzaku
observations of another radio galaxy, namely 3C 111 (Tombesi
et al. 2013b).

An intriguing phenomenon detected in a number of radio
imaging observations of AGN jets in blazars and some radio
galaxies, notably 3C 120, is the presence of transverse
gradients in the Faraday rotation across the jet at parsec scales
(Go6mez et al. 2000, 2008, 2011). The origin and nature of such
a Faraday screen is still debated. It may be linked to the jet
itself, such as a jet sheath with an helical/toroidal magnetic
field (e.g., Gabuzda et al. 2014), or magnetized gaseous clouds
completely external to the jet (e.g., Zavala & Taylor 2004). In
the case of 3C 120, the Faraday screen has been linked to a
clumpy sheath of thermal electrons surrounding the radio jet
and interacting with the jet at a deprojected distance of 8 pc,
with a hydrogen equivalent column density of Ny ~
6 x 10*2cm ™2 (G6émez et al. 2000, 2008). The fact that the
observed changes in the polarization properties of the under-
lying jet emission and in the rotation measure seem
uncorrelated implies that the Faraday screen and the jet are
likely not closely physically related. At the same time, sign
reversals in the rotation measure along the jet observed on the
timescale of a few/several years imply that the Faraday screen
medium is at least mildly relativistic (Gémez et al. 2011).

Consider that the ionized emission/absorption components
observed in the Fe K band may be linked to the Faraday screen
seen in the radio. In fact, the column density, distance, and
relatively large outflow velocity of v, ~ 0.07 c are consistent
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with this possibility and they could naturally explain the
observed rotation measure variability (Zavala & Taylor 2004).

4. Conclusions

We reported the spectral analysis of a long 200 ks Chandra
HETG observation of the radio galaxy 3C 120. The spectrum
shows complex emission and absorption features in the soft
X-rays and the Fe K band. We detect a neutral Fe Ko line and
accompanying emission lines indicative of a Compton-thick
cold reflector with a low reflection fraction, possibly due to a
large opening angle of the torus. We also observe a highly
ionized Fe XXV emission feature and possible evidence for a
highly ionized disk wind, consistent with previous claims. We
do not find evidence for a WA, which may instead be replaced
by a hot emitting gas with a temperature k7 =~ 0.7 keV,
observed as soft X-ray emission from ionized Fe L-shell lines
that may originate from a kiloparsec-scale shocked bubble
inflated by the AGN wind or jet with a shock velocity of about
1000 km s~ '. This data set shows the wealth of information that
can be derived from high-energy-resolution X-ray spectroscopy
and it will be very interesting to compare our findings to other
multi-wavelength observations, to explore the multiphase and
multi-scale structure of AGN feeding and the feedback of
powerful radio galaxies. In particular, deeper X-ray observa-
tions with high-energy-resolution spectrometers will be funda-
mental to constrain the accretion onto, and the ejection from,
the central SMBH, and deeper millimeter or infrared observa-
tions will allow us to investigate the connection to the large
reservoir of molecular gas.
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