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is indeed the second confirmed y-ray bright young radio galaxy.

1. Introduction

Active Galactic Nuclei (AGN) are the most luminous persistent
objects in the Universe. A subset of AGN exhibits relativistic
outflows, called jets. Many questions of jet physics remain un-
solved, including the details of jet launching, confinement and
acceleration processes. In this context, peculiar AGN in transi-
O tory stages become relevant for addressing the key questions of
OO AGN science. Among these objects are young radio galaxies,
=1 which exhibit shorter jets (up to a few kpc), and are also known
~~ as compact symmetric objects (CSO) due to their compactness
.= at radio wavelengths (Phillips & Mutel||1982; Wilkinson et al.
>< 1994; Readhead et al.|[1996; |(O’Deal|[1998)). They are typically
a seen at large inclination angles to the jet(s) and have negligible
Doppler boosting. While y-ray emission from young AGN was
predicted (Kino et al.|2007, [2009; [Stawarz et al.|[2008}; [Kino &
Asano|2011), a detection by the Fermi Gamma-ray Space Tele-
scope Large Area Telescope (hereafter Fermi/LLAT) remained
elusive for many years (D’ Ammando et al.|2016). Using the im-
proved Pass 8 reconstruction (Atwood et al.[2013)), Migliori et al.
(2016) detected the first CSO at y-ray energies, PKS 1718—-649.
Three other candidate sources have been proposed: 4C +55.17
(McConville et al. 201 1)), PKS 1413+135 (Gugliucci et al.[2005)),
and PMN J1603-4904 (Miiller et al.|[2014). The first two have
not been confirmed to be young radio galaxies. It remains un-
clear which attributes make some young AGN vy-ray loud. A di-
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ABSTRACT

PMN J1603-4904 is a likely member of the rare class of y-ray emitting young radio galaxies. Only one other source, PKS 1718-649,
has been confirmed so far. These objects, which may transition into larger radio galaxies, are a stepping stone to understanding AGN
evolution. It is not completely clear how these young galaxies, seen edge-on, can produce high-energy y-rays. PMN J1603—-4904 has
been detected by TANAMI Very Long Baseline Interferometry (VLBI) observations and has been followed-up with multiwavelength
observations. A Fermi/LAT vy-ray source has been associated with it in the LAT catalogs. We have obtained Chandra observations of
the source in order to consider the possibility of source confusion, due to the relatively large positional uncertainty of Fermi/LLAT. The
goal was to investigate the possibility of other X-ray bright sources in the vicinity of PMN J1603—4904 that could be counterparts to
the y-ray emission. With Chandra/ACIS, we find no other sources in the uncertainty ellipse of Fermi/LAT data, which includes an
improved localization analysis of 8 years of data. We further study the X-ray fluxes and spectra. We conclude that PMN J1603-4904
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rect link between Narrow Line Seyfert 1 galaxies (NLS1) and
young AGNs (Compact Symmetric Sources) has been suggested
by |Caccianiga et al.| (2014), but seems unlikely (Orient: et al.
2015).

PMN J1603—-4904 is a radio source (Wright et al.|[1994).
It was recently confirmed to be a compact symmetric ob-
ject from MHz data, which makes it a young or frustated
AGN (Miiller et al.|[2016). It was detected by Fermi/LAT and
classified as a low synchrotron peaked (LSP) BL Lac object
(2FGL J1603.8-4904, 3FGL J1603.9-4903; [Nolan et al.|2012;
Acero et al.|2015; |Ackermann et al.|2015). The first associa-
tion with the y-ray source was proposed by Kovalev| (2009).
It is also listed in the LAT catalogs of sources detected above
10GeV and 50 GeV (1FHL J1603.7—-4903,2FHL J1603.9-4903,
3FHL J1603.8—4903 |Ackermann et al.|2013] 2016; [The Fermi-
LAT Collaboration|2017). It is reported as a variable source in
the 3FGL catalog. PMN J1603—-4904 was first proposed to be a
y-ray bright CSO by Miiller et al.|(2014), who discussed its un-
usual VLBI structure and spectral energy distribution (SED). We
followed up on this paper with X-ray observations with Suzaku
and XMM-Newton, which led to the first high S/N X-ray spec-
trum that also exhibited an emission line at 5.44 keV, which we
interpreted as a redshifted neutral Fe K line (at z = 0.18; Miiller
et al.[2015)). Optical data by|Shaw et al.|(2013)), which resulted in
the LSP BL Lac classification, were not sensitive enough to de-
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tect any lines. Further optical spectroscopy showed our proposed
redshift to be incorrect. X-Shooter data resulted in a redshift
measurement of z = 0.2321 + 0.0004 (Goldoni et al.|2016). The
emission line is due to He-like Fe, emitted at a rest frame energy
of 6.7keV. This emission feature is not typically seen in AGN,
where edge-on sources exhibit neutral or slightly ionized Fe Ka
emission, which is expected to originate in the accretion disks.
This feature seems to be common for CSO sources (Siemigi-
nowska et al.|2016). Highly ionized Fe emission is also observed
in the LINER galaxy M81 (Page et al.|2004)), though the latter
still exhibits neutral Fe Ko emission while PMN J1603-4904
does not. It is unclear whether this suggests a complete lack of
an accretion disk, a truncated accretion disk (which could likely
achieve the high temperatures to ionize Fe) or a lack of neutral
Fe.

Further radio studies of PMNJ1603-4904 find a low-
frequency turnover in the MHz — GHz spectrum, which indicates
a source extent of 1.4 kpc and confirmed its young radio source
classification (Miiller et al.[2016). The source is located close to
the Galactic plane (I = 332°15, b = 2°57), which hinders opti-
cal/UV and soft X-ray observations due to extinction and photo-
electric absorption. The low Galactic latitude also complicates y-
ray data analysis due to the large number of nearby sources, the
Galactic diffuse emission, and the three nearby extended sources,
which all have to be taken into account. The radio source is con-
sistent with the Fermi/LAT 95% 2FGL positional uncertainty,
but it is unclear if there are other possible counterparts within the
uncertainty ellipse in either radio or X-ray wavelengths (Miiller
et al.||2014). Optical data are unable to solve this problem, due
to the large number of nearby stars and the strong extinction. In
this paper we examine recent Chandra/ACIS data, the highest
angular resolution data available at high energies, to confirm or
rule out source confusion for PMN J1603—-4904. In Section 2 we
discuss the observations and analysis methods. In Section 3 we
discuss the results of the observations. The final section reports
our conclusions.

2. Observations & Methods
2.1. Chandra

We took one Chandra observation of PMN J1603-4904 with
the Advanced CCD Imaging Spectrometer (ACIS; observation
ID 17106, 10.08 ksec) on 12 May 2016. The data are not af-
fected by pile-up, as PMN J1603-4904 is a relatively weak X-
ray emitter (Miiller et al.|2015). The data were extracted using
the standard tools from the CIAO 4.8. The extraction radius for
PMN J1603—-4904 is 3”/3, while the background was extracted
with annuli centered on the source position with radii of 474
and 40”. The source to the east of PMN J1603-4904 (no. 1, see
Fig. was extracted with an extraction radius of 4’79, while
the background annulus radii were 8”3 and 2579. The source
to the east is seen in archival XMM data as well. The source to
the west is not detected in XMM, either due to its low flux, or
it is variable. The spectral analysis was performed with the In-
teractive Spectral Interpretation System (ISIS, version 1.6.2-40,
Houck & Denicolal2000). The Chandra data were modeled with
an absorbed powerlaw, which fits both PMN J1603-4904 and
the eastern source (no. 1). Due to low S/N in the individual bins,
we use Cash statistics (Cash|[1979) for spectral analysis. For the
absorbing column we use the abundances of Wilms et al.| (2000)
and the cross sections of |Verner et al.| (1996) with the newest
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Table 1. Chandra positions of the three X-ray sources in the di-
rect vicinity of PMN J1603-4904 ( ajomo = 16h03m50569, 0120000 =
—49°04’05/49). Positions and uncertainties have been determined us-
ing wavdetect. The position of the central source (no. 2) is consistent
with the radio position of PMN J1603—-4904.

No.  anooo 612000.0 u(@po000)  1(612000.0)

1 16"04™015111  —49°04'12700  0.139” 0.182 "
16"03™50687  —49°04'04”744  0.046” 0.035”

3 16"03™m345280  —49°02'57716  0.238” 0.130”

version of the tbnew model] In order to determine the coordi-
nates of the X-ray sources we ran the CIAO tools mkpsfmap (at 2
keV with 50% enclosed counts) and wavdetect with the default
scales. For the de-reddening of the optical/UV/IR data, the best-
fit absorbing column Ny has been converted to Ay from X-ray
dust scattering halo measurements of |Predehl & Schmitt (1995),
with the update by Nowak et al.|(2012) for the revised abundance
of the interstellar medium (see [Krauf et al.[|2016| for a detailed
explanation of the treatment of multiwavelength data).

2.2. Fermi/LAT y-ray data analysis

For the analysis of the Fermi/LAT y-ray data, we used the Fermi
Science Tools (v11rOp0) with the reprocessed Pass 8 data and
the PSR2_SOURCE_V6 instrument response functions. The lo-
calization of the source is tricky with gtfindsrc due to its po-
sition near the Galactic plane. The localization we performed is
similar to that in the 3FGL catalog (Acero et al.|2015)), and only
data above 3.2 GeV have been used as the data have been binned
4/decade. The log-likelihood surface is assumed to be parabolic.
A selection of eight points is sampled in a circle around the es-
timated position, which is used to estimate the five parameters
for the ellipse. The center is then moved to the estimated maxi-
mum, a new circle chosen at the 2 o radius, and the procedure is
iterated until convergence. The deviation of the fit from the mea-
sured values defines a goodness-of-fit quantity. The curvature of
the surface is used to determine the covariance matrix, which in
turn determines the positional uncertainty ellipse. We quote the
values corresponding to a 95% containment. The positions and
uncertainties are then used to determine the need for systematic
adjustment by comparing with a set of AGNs, which have very
accurate radio positions. To account for them we multiply the
95% uncertainties by a factor of 1.05, and add 0.433’ in quadra-
ture. For the spectral analysis we used an unbinned likelihood
analysis in a region of interest of 5° around PMN J1603-4904
in the 1-300 GeV energy range. Sources within a 15° radius of
PMNJ1603-4904 were included in the likelihood fitting, with
their parameters fixed. A free spectral index is used, together
with a detection threshold of test statistic 7S = 25 (Wilks|1938).

3. Results

We find three X-ray sources in the Chandra/ACIS image in the
direct vicinity of the 2MASS coordinates of PMN J1603-4904
(see Fig. [T} [Skrutskie et al|[2006). The coordinates are given
in Table [I] The X-ray source in the center (no. 2) matches
the radio coordinates. We can exclude the western source (no.
3) as a counterpart. It is at an angular distance of 2/9 to
PMN J1603-4904, well outside the uncertainty ellipses of our

! available online at: http://pulsar.sternwarte.
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Table 2. Best fit values from Suzaku and XMM-Newton data taken
from Miiller et al.| (2015) in comparison with best fit values for Chan-
dra/ACIS data for PMN J1603-4904 and two fits to the eastern source.
Values without uncertainties have been frozen to the given value. Uncer-
tainties are given at the 90% confidence level. The absorbing column is
given in units of 10%> cm™2, and the unabsorbed 2-10keV flux is given
in units of 103 ergs™! cm™2.

Parameter | Suzaku &  Chandra Chandra  Chandra
XMM East East
Ny 2.05%13 2.05 2.05 0.632
r 2.07f8:?‘2‘ 2.23f8:§g 5.33;? 3.0f{:‘2‘
Fy 19 4.39 +0.17 2.8f8:g 0.08f8;8§ 0.14’18:%8
x*/dof 183.0/162 28.8/37 2.9/3 2.3/3

analysis and those of the Fermi/LAT catalogs. The eastern
source (no. 1) is also outside the LAT uncertainty ellipses, but
closer, being at an angular distance of 17 and the 3FGL uncer-
tainty region seems to be closer to the eastern source than any of
the LAT results (see Fig.[I] right panel). Based on this image, the
y-ray source is indeed the counterpart to the young radio source,
although the radio source lies just outside the 3FGL 95% uncer-
tainty ellipse. In the 8-year Fermi/LAT analysis, the source is
detected at 7S = 2373, with a photon index I' = 1.98 + 0.03 and
a flux Fi_3p0gev = (5.57 £0.22) x 107° phs™! cm~2. This flux is
slightly lower than the fluxes reported in the LAT catalogs.

We  further analyze the Chandra spectra  of
PMNJ1603-4904 and of the source to the east of
PMN J1603—-4904. X-ray observations by Suzaku and XMM-
Newton were taken from [Miller et al.| (2015). The indices are
consistent with the Chandra best fit of PMN J1603-4904, while
the flux is slightly lower (see Table [2). Due to the low S/N,
particularly at energies above SkeV, the Fe emission line is
not detected with Chandra. We model the Chandra/ACIS data
with an absorbed powerlaw and with an absorbed collisionally-
ionized emission model (APEC) and compare the results
to those of the Suzaku/XMM-Newton data from 2013 (see
Table [3). It is worth noting that the eastern source has a
very soft index of I' = 5.3*)-J, assuming the same absorbing
column as for PMN J1603-4904. With a 21 cm derived Galactic
equivalent hydrogen column of 6.32 x 10?! cm™? (Kalberlal
et al.|[2005) the index is much flatter and more realistic. This
suggests that the source has little or no intrinsic absorption.
We add the Chandra data to the high-energy SED, which
includes the combined Suzaku and XMM data, as well as the
LAT spectrum from the 3FGL catalog (see Fig. [3). We have
included both the spectrum from PMNJ1603-4904 and from
the eastern source (in black and pink, respectively). While it is
already challenging to explain the strong y-ray emission and
the flat y-ray index in combination with the flat X-ray index of
PMN J1603-4904 (in both Suzaku +XMM and Chandra), it is
nearly impossible to explain the soft index of the eastern source
in combination with the LAT data, except by invoking different
populations of particles. The high-energy SED seems to confirm
that the eastern source is an extremely unlikely counterpart.
Modeling the broadband SED of PMNJ1603-4904 with a
physical one-zone model will remain challenging with such a
high Compton dominance and flat indices.

Although the optical/UV is likely non-thermal (Goldoni et al.
2016), a further possibility is thermal emission from an e.g.,
APEC component that would explain the He-like Fe line, which
is consistent with results by |Siemiginowska et al.| (2016). A

Table 3. APEC best fit values to combined fitting of Chandra/ACIS and
Suzaku/XMM data, and only Suzaku/XMM data. Note that the fit to the
combined data sets was done using Cash statistic and not x? statistics,
so x? is the Cash statistic value in that case.

Fit Ny kT Abundance  y?/dof
[10%2cm™] [keV]

comb. | 1L62+0.12 5979 04601 137.298/78

XMM | 161013 61751 046717 31.816/39

combined fit to the Chandra/ACIS and combined Suzaku and
XMM data results in a best fit absorbing column of (1.62 +
0.12)x10%? cm™2, which can explain the absence of observed He-
like S/Si. It is interesting to note that this value is smaller than
the value necessary for a purely phenomenological powerlaw fit
with an added gaussian line, which is 2.05f8:{‘2t % 10?2 cm~2. This
lower value is not compatible with the Galactic absorption of
6.32x10%' cm~2 and suggests intrinsic absorption, possibly from
a dusty torus, which is in agreement with the interpretation of the
blackbody feature in the infrared with a hot torus (Miiller et al.
2014).

Photoionization is an alternative way to produce the He-like
Fe emission line, but the low S/N of the spectra does not allow
us to differentiate between the models.

4. Conclusion

We have presented Chandra/ACIS and Fermi/LAT data of
PMN J1603-4904. We show that we can rule out source con-
fusion between the Fermi/LLAT source and sources at lower
energies by using the high angular resolution of Chandra
and an improved 8-year localization of the y-ray source
3FGLJ1603.9-4903. The positional uncertainty is consistent
with the radio coordinates and the X-ray counterpart. An alterna-
tive X-ray counterpart at ~ 1’ distance to PMN J1603-4904 can
be ruled out as a counterpart to the y-ray source, based on the
localization and the spectral shape. Its spectral index is further
inconsistent with LAT data, as seen from the high-energy SED.
Its absorbing column is consistent with Galactic absorption (al-
though the low S/N makes a good fit of the absorbing column
impossible).

Using Chandra/ACIS positions, fluxes, and spectra, in com-
bination with Fermi/LAT data, we confirm the X-ray coun-
terpart, rule out contributions from nearby X-ray sources,
and confirm a high Compton dominance in the broad-
band SED of PMNJ1603-4904. We therefore conclude that
PMN J1603—-4904 is likely one of only two known y-ray emit-
ting young radio galaxies and that its emission mechanisms and
strong Compton dominance warrant further research.
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Fig. 1. XMM-Newton and Chandra/ACIS images of PMN J1603—-4904. The positions of the sources are marked with arrows. Two unknown, weak
X-ray sources are marked in orange circles. The 95% uncertainty on the Fermi/LAT positions from the 2FGL, 3FGL, and the 3FHL catalogs are
marked in gray, green, and yellow, respectively. Left: XMM-Newton/pn observation (ObsID 0724700101); Middle: Chandra/ACIS observation
(ObsID 17106); Right: Same Chandra/ACIS observation, the image was smoothed with a Gaussian kernel of S/N range of 3-5.
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Fig. 2. X-ray spectra: Combined Suzaku/XMM-Newton spec-
trum of PMNIJ1603—-4904 (blue), Chandra/ACIS spectrum of
PMN J1603-4904 (black), Chandra/ACIS spectrum of the source east
of PMN J1603-4904 (pink). A best-fit absorbed powerlaw is shown for
the two Chandra spectra. The fit models shown are the best fit powerlaw
models for the Chandra spectrum and the APEC model for the com-
bined Suzaku/XMM data. Residuals are given for the a) best fit pow-
erlaw spectrum, b) the combined APEC fit, and c) the Suzaku/XMM
APEC fit.
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