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Abstract

Relativistic jets manifest some of the most intriguing activities in the nuclear regions of active galaxies. Identifying
the most powerful relativistic jets permits us to probe the most luminous accretion systems and, in turn, the most
massive black holes. This paper reports the identification of one such object, PMN J1310—5552 (z=1.56), a
blazar candidate of uncertain type detected with the Fermi Large Area Telescope (LAT) and Swift Burst Alert
Telescope. The detection of broad emission lines in its optical spectra taken with the X-Shooter and Goodman
spectrographs classifies it to be a flat-spectrum radio quasar. The analysis of the Goodman optical spectrum has
revealed PMN J1310—5552 harbors a massive black hole (log scale Mgy = 9.90 £0.07, in M) and luminous
accretion disk (log scale Lgsx =46.86 0.03, in erg sfl). The fitting of the observed big blue bump with the
standard accretion disk model resulted in the log scale Mgy = 9.81f8j58 (in M) and Lgigc = 46.86f8j83 (in erg sfl),
respectively. These parameters suggest PMN J1310—5552 hosts one of the most massive black holes and the most
luminous accretion disks among the blazar population. The physical properties of this enigmatic blazar were
studied by modeling the broadband spectral energy distribution considering the data from NuSTAR, Swift, Fermi-
LAT, and archival observations. Overall, PMN J1310—5552 is a powerful “MeV” blazar with physical parameters
similar to other members of this unique class of blazars. These results provide glimpses of monsters lurking among
the unknown high-energy emitters and demonstrate the importance of ongoing wide-field sky surveys to
discover them.

Unified Astronomy Thesaurus concepts: Relativistic jets (1390); Blazars (164); Flat-spectrum radio quasars (2163);

Gamma-ray astronomy (628)

1. Introduction

Active galactic nuclei (AGN) hosting closely aligned, i.e.,
beamed, relativistic jets are termed blazars. They are classified
as flat-spectrum radio quasars (FSRQs), and BL Lac objects
based on the rest-frame equivalent width (EW) of the emission
lines in their optical spectra, with the latter exhibiting weak
or no lines (EW <5 A; e.g., M. Stickel et al. 1991). Recent
studies have proposed a more physically motivated classifica-
tion based on the mass accretion rate in the Eddington unit.
FSRQs typically exhibit radiatively efficient accretion with
Lace/Lgqa > 0.01 (G. Ghisellini et al. 2011). Moreover, the
mass accretion rate is found to be strongly correlated with the
Compton dominance' with FSRQs having large Compton
dominance (>1; V. S. Paliya et al. 2021). Indeed, population
studies have suggested that the diverse observational features
identified in the broadband spectral energy distribution (SED)
of blazars can be attributed to the mass accretion rate in
Eddington units (e.g., G. Ghisellini et al. 2014).

Blazars dominate the extragalactic gamma-ray sky observed
by the Large Area Telescope (LAT) onboard Fermi Gamma-
ray Space Telescope (W. B. Atwood et al. 2009). This is likely
due to the Doppler boosting of the radiation emitted from
the beamed relativistic jet. Among the blazar population, both

! Compton dominance is defined as the ratio of the inverse Compton to
synchrotron peak luminosities.
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FSRQS and BL Lac objects have been detected (e.g., M. Ajello
et al. 2022). However, there are still ~39% gamma-ray sources
whose multiwavelength properties are similar to blazars, though
their classification remains uncertain due to the lack of optical
spectroscopic information. Such objects are termed as blazar
candidates of uncertain type or BCUs (e.g., M. Ackermann et al.
2011).

The bolometric power of blazars has been found to exhibit
an anticorrelation with the peak frequency of the synchrotron
and inverse Compton emission (e.g., R. M. Sambruna et al.
2010). However, this observation could be due to selection
biases and, indeed, exceptions have been reported (e.g.,
P. Giommi et al. 2012; V. S. Paliya et al. 2020b). Nevertheless,
focusing on the average blazar population, the low-luminous
BL Lacs usually have high-energy emission peaking in the
GeV-TeV energy range. On the other hand, the most powerful
blazars typically have their high-energy SED peaking in the
hard X-ray-to-soft gamma-ray band, i.e., at ~MeV energies
(e.g., G. Ghisellini et al. 2010; M. Ackermann et al. 2017).
Among the currently operating X-ray missions, the Burst Alert
Telescope (BAT; operating range 14—195 keV) onboard Neil
Gehrels Swift Observatory is probably the best-observing
facility to detect and identify the most luminous blazar jets.
Furthermore, there have been active optical spectroscopic
follow-ups of the Swift-BAT detected AGN, thus ensuring that
high-quality optical spectra are available for a large sample of
BAT AGN (M. J. Koss et al. 2022a). Additionally, since the jet
power correlates with the accretion luminosity, the most
powerful jets are expected to be associated with luminous
accretion disks and, in turn, with massive black holes. Indeed,
Swift-BAT detected blazars hosting powerful relativistic jets
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are found to be harboring black holes with mass often
exceeding 10° M., (G. Ghisellini et al. 2010; V. S. Paliya
et al. 2019b).

Considering the facts mentioned above, the author system-
atically searched to identify the Swift-BAT detected Fermi-BCUs
hosting massive black holes. The fourth data release of the fourth
Fermi-LAT gamma-ray source catalog (4FGL-DR4) contains
1624 BCUs (S. Abdollahi et al. 2020; J. Ballet et al. 2023).
Moreover, the second data release of the BAT AGN Spectro-
scopic Survey AGN catalog (BASS-DR2) provides the optical
spectroscopic measurements of 858 hard-X-ray-selected AGNs
from the Swift-BAT 70 month source catalog (W. H. Baumgart-
ner et al. 2013; M. J. Koss et al. 2022a). Among them, 790
sources have black hole mass (Mpy) estimated following several
techniques, e.g., single-epoch virial relation and host galaxy stellar
velocity dispersion (M. J. Koss et al. 2022b; J. E. Mejia-Restrepo
et al. 2022; K. Oh et al. 2022). The 4FGL-DR4 and BASS-DR2
catalogs were cross-matched using a 5” search radius
leading to 87 matches. Considering only Fermi-BCUs and
those with Mgy > 10° M., one object 4FGL J1310.7—5553 or
SWIFT J1310.9—5553 was identified. This object is associated to
the radio source PMN J1310—5552 (see, e.g., N. Tsuji et al.
2021). The BASS-DR2 catalog reports its black hole mass to be
Mgy =1.05 x 10'° M, (J. E. Mejia-Restrepo et al. 2022). The
derived Mgy indicates PMN J1310—5552 to be a peculiar blazar
candidate worth studying. Indeed, finding a jetted AGN hosting a
more than 10 billion solar mass black hole is extremely rare.
Therefore, multifrequency observations of this enigmatic blazar
candidate, including new Nuclear Spectroscopic Telescope Array
(NuSTAR) and Swift data sets, were analyzed, and the results are
presented in this paper. Particular attention was given to accurately
derive the central engine parameters, i.e., Mgy and accretion disk
luminosity (Lgg). A brief introduction of PMN J1310—5552 is
provided in Section 2. Techniques adopted to compute its
central engine parameters and obtained results are described in
Section 3. Section 4 elaborates on the broadband physical
properties of PMNJ1310—5552, and the overall results are
summarized in Section 5. Throughout, a flat cosmology with
Hy=70kms 'Mpc " and Q,,=0.3 was adopted.

2. PMN J1310—5552

This bright FSRQ was first identified in the Parkes-MIT-
NRAO sky survey (Fi4u, =347 £19 mly; P. C. Gregory
et al. 1994; Y. Stein et al. 2021). It is located in the Galactic
plane (|b| =6°9) and was found to be a hard X-ray emitter by
the INTEGRAL satellite (A. J. Bird et al. 2007; R. Krivonos
et al. 2010). This source was also detected by the Swift-BAT
(Fla—_195kev = 2477938 x 107 ergem 25!, photon index
T4 195kev = 1.567030; K. Oh et al. 2022). N. Masetti et al.
(2008) obtained an optical spectrum of PMN J1310—5552 with
the 3.6 m telescope at the ESO-La Silla Observatory, Chile.
They reported its redshift to be z=0.104, and its optical
spectrum had stellar absorption features; however, it did not
appear to be AGN-like or like their host galaxies. Given the
proximity of the source to the Galactic plane, confusion is
likely in identifying the correct optical counterpart. Later,
M. J. Koss et al. (2022b) procured high-quality optical spectra
of this object with X-Shooter and Goodman spectrographs
mounted at the 8.2m Very Large Telescope and 4.1 m
Southern Astrophysical Research Telescope, respectively. The
source redshift was estimated to be z=1.56, and the optical
spectrum was dominated by a blue continuum and broad
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emission lines, typically observed from Type 1 AGN (see
Figure 1).

With a more accurate distance measurement available, the k-
corrected 14—195 keV luminosity of PMN J1310—5552 turns
out to be (2.64+0.81)x 10" ergs™'. In the high-energy
gamma-ray band (0.1—300 GeV), this source exhibits a steep
falling spectrum (photon index I'g;_300gev =2.73 £0.12)
and has an average gamma-ray luminosity of (1.12 £0.32) x
10" ergs—' (S. Abdollahi et al. 2020; J. Ballet et al. 2023). A
more luminous hard X-ray emission, together with the
observation of the flat, rising X-ray spectrum and a soft
gamma-ray spectrum, indicates PMNJ1310—5552 to be a
typical “MeV” blazar (H. Bloemen et al. 1995; M. Ackermann
et al. 2017; L. Marcotulli et al. 2020).

3. Central Engine
3.1. Optical Spectroscopic Analysis

The commonly adopted method to estimate the mass of the
central supermassive black hole is the analysis of the single epoch
optical spectrum assuming the broad-line region (BLR) to be
virialized (see, e.g., Y. Shen et al. 2011, and references therein).
J. E. Mejia-Restrepo et al. (2022) analyzed the X-Shooter optical
spectrum of PMNJ1310—5552. For the MgIlemission line,
which is thought to be a reliable estimator for Mgy calculation
(e.g., F. Wang et al. 2015), they reported the full width at half
maximum (FWHM) of 4586'13°kms™' and the logarithmic

continuum luminosity at 3000 A (Lsoo0, in ergs ') of 46.901 391

The derived log scale Mgy was 10.025007 (in M_.). They also
reported a logarithmic Mgy value of 8.03 + 0.41 (in M.,) based on
the Ho emission line measurements. However, since Ha-emis-
sion-line-based Mgy should be treated with caution, possibly due
to blending of [N II] A\6549, 6585 and sometimes [S IT] A\6718,
6732, this was not considered in the further analysis. Moreover,
M. J. Koss et al. (2022a) reported the bolometric luminosity (Lyo)
of PMNJ1310—5552 to be 3.8 x 10* ergs™!, which gives an
Eddington ratio (Lpo)/Lgqa) of 281.46 using the Ho-based
Mgy measurement. This value is larger than the largest Eddington
ratio reported for quasars observed with the Sloan Digital Sky
Survey (Q. Wu & Y. Shen 2022), hence unlikely to be correct.

In this work, the optical spectrum of PMN J1310—5552
taken with the Goodman spectrograph was analyzed using the
software PyQSOFit? (H. Guo et al. 2018). This tool models
the emission lines and continuum emission following a x> or
Markov Chain Monte Carlo (MCMC)-based fitting technique.
The salient features of the pipeline are briefly described here,
and the details can be found in Y. Shen et al. (2019). The
spectrum was brought to the rest frame using the source
redshift and corrected for the Galactic extinction using the dust
map of D. J. Schlegel et al. (1998) and the extinction curve
from J. A. Cardelli et al. (1989). The continuum was modeled
using a power law, a third-order polynomial, and a UV
Fell template around the MgIl line (M. Vestergaard &
B. J. Wilkes 2001) and subtracted from the spectrum, leaving
a line-only spectrum. The Mgl line was fitted with three
Gaussian functions, two for the broad and one for the narrow
components (see the inset in Figure 1). The uncertainties were
estimated following an MCMC approach.

The FWHM of the Mg II emission line was estimated to be
4947 + 486 km s~ . On the other hand, the derived logarithmic

2 https://github.com/legolason /PyQSOFit
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Figure 1. The optical spectrum of PMN J1310—5552 taken with X-Shooter (red) and Goodman (black) spectrographs. The inset shows the multi-Gaussian fitting done
on the continuum-subtracted Mg II emission line using PyQSOFit. The inset axes units are the same as the main panel.

continuum luminosity at 3000 A was 47.02 £ 0.01 (in ergs ).
The following empirical relation was adopted to compute the
virial Mgy:

kms~!

log(MBH
M
(1

where ALzgoo is the continuum luminosity at 3000 A.
The coefficients A, B, and C were taken as 1.816, 0.584, and
1.712, respectively, following Y. Shen & X. Liu (2012). The
logarithmic Mpy of the central supermassive black hole in
PMN J1310—5552 was found to be 9.90 & 0.07 (in M), which
is consistent with that estimated by J. E. Mejia-Restrepo et al.
(2022) using X-Shooter data.

The BLR luminosity can be inferred from the emission line
luminosity, assuming the latter emits a certain fraction of the
former. Fixing a reference value of 100 to Lya emission and
adding the line ratios (with respect to Lya) reported in
P. J. Francis et al. (1991) and A. Celotti et al. (1997) gave the

_ AL3000

) N Clog(FWHM),
erg s

total BLR fraction (Lgigr)=555.77 ~5.6Lya. Then, the
following equation can be used:
L
Lpir = Lvgn X M, (2)
rel.frac.

where Lyjgy is the Mg 1I line luminosity and Ly rac. 1S the line
ratio (=34 £ 22, with respect to the Ly« flux; P. J. Francis
et al. 1991). The derived logarithmic BLR Iluminosity is
45.86+0.03 (in ergs'). Assuming the BLR to reprocess
10% of the accretion disk radiation, the estimated Lg;q iS
46.86 +0.03 (in erg s~ ') or ~7% of the Eddington luminosity
(1 x 10" ergs™"). All of the quoted uncertainties were derived
following the standard error propagation theory (P. R. Beving-
ton 1969) and are purely statistical in nature. They do not take
into account the possible inherent systematics associated with
the virial calibration relations. For example, the virial black
hole mass calculation methods typically have an uncertainty of
~0.4 dex (M. Vestergaard & B. M. Peterson 2006; Y. Shen
et al. 2011).

3.2. Modeling the Big Blue Bump

Another technique to constrain the central engine parameters
is by modeling the big blue bump peaking in the optical-
ultraviolet (UV) band with a geometrically thin, optically thick
accretion disk model (N. I. Shakura & R. A. Sunyaev 1973).
The emission profile of the accretion disk radiation can be
considered as a multitemperature blackbody parameterized as
follows (J. Frank et al. 2002):

Jo

where 6, is the angle between the jet axis and the line of sight,
d; is the luminosity distance, and R, and R; are the outer and
inner radii of the disk, assumed as 500Rs., and 3Rgg,
respectively. The temperature profile of the disk is given as

follows:
[ ( 3Rsch )1/ 2]
1 - s
3 R

where (. is the accretion efficiency, considered here as 10%,
and ogg is the Stefan—Boltzmann constant. There are only two
variables in Equation (3), Mgy (through Rg.,) and Lg;s, under
the assumption of fixed viewing angle and accretion efficiency.

Since the optical-UV emission of PMN J1310—5552 reveals
a prominent big blue bump, the above hypothesis can be
applied to derive the Ly and Mpy. For this purpose, a library
of the accretion disk spectrum template was generated for a
large range of [Ld“k, Mgy] pairs, e. g [10% erg s ! 107 M),
(102 ergs™, 10" M), ..., and [10°°ergs™ 10l M.). By
comparing the accretion disk template for a grven [Lgisk, Myl
pair w1th the observed data points, considering uncertainties,
the x* value was calculated. This exercise was repeated for all
[Laisks Mpu] pairs, thus effectrvely creating a X grid. A cubic
spline function was fitted on the x* grid to determine the global
minimum and 1o, 20, and 30 confidence levels. The results of
this analysis are shown in Figure 2. The best-fit log scale
Mgy and Ly estimated were 9.8170:49 (in M) and 46. 86+8 88

020
(in ergs™ ), respectively. Within uncertainties, these parameters
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Figure 2. Left: optical SED of PMN J1310—5552 fitted with the standard accretion disk model. The red line refers to the X-Shooter spectrum, which is shown only for
visualization purposes. The fitted model (blue dashed line) corresponds to the optimized Lg;s and Mgy values (“+” mark on the right panel). The green shaded area
refers to the 1o uncertainty in the fitted model. Right: the XZ grid of Ly and Mpy. The black solid, blue dotted, and red dashed lines represent the confidence contours
at 1o, 20, and 30 levels, respectively. The side plots refer to x? variations as a function of the considered parameters. The gray shaded region shows the 1o uncertainty

in the best-fit parameters, which are highlighted with dashed lines.
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Figure 3. The Mgy (left) and Lg;g (right) histograms for blazars detected with the Fermi-LAT and Swift-BAT (black empty) and blazars detected only with the
Fermi-LAT (gray filled). The location of PMN J1310—5552 is shown with the blue dashed line.

are similar to those obtained from the optical spectroscopic
analysis.

3.3. Comparison with Fermi-LAT and Swift-BAT Blazars

The left panel of Figure 3 shows the Mgy distribution of all
Fermi-LAT-detected broad emission line blazars studied in
V. S. Paliya et al. (2021). For comparison, the Mgy distribution
of the gamma-ray-emitting sources, also detected with the
Swift-BAT, is overplotted. The average Mgy (in M) of blazars
detected with BAT and LAT is log (Mgy) = 8.95, which is
higher than log (Mpy) = 8.52 estimated for LAT-only-
detected blazars, though the scatter in the distributions is large,
~0.6 dex. This result is aligned with the hypothesis that Swift-
BAT has detected the luminous members of the blazar
population hosting massive black holes. The examination of
the location of PMN J1310—5552 in this diagram has revealed
it to be among the sources hosting some of the most massive
black holes.

The distributions of Lg;s for BAT-LAT- and LAT-only-
detected broad-line blazars studied in V. S. Paliya et al. (2021)
are shown in the right panel of Figure 3. This plot highlights
that the Swift-BAT detected blazars host more luminous
accretion disks (log (Lgisx) = 46.22, in erg s_l) than LAT-only
blazars (log (Lgis) = 45.73, in ergs™'), though the scatter is
large, ~0.8 dex. Considering PMN J1310—5552, its accretion
power is similar to blazars hosting the most luminous accretion
disks.

Overall, it can be concluded that PMN J1310—5552 harbors
one of the most powerful central engines among all gamma-
ray-detected blazars.

4. Broadband Properties
4.1. Classification

PMN J1310—5552 lacks blazar classification in the 4FGL-
DR4 catalog. Its optical spectrum consists of broad emission
lines (Figure 1), thus classifying it as an FSRQ. Its accretion
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Iuminosity in Eddington units is 0.1, i.e., 10% of Lggq, Which
indicates a radiatively efficient accretion, further supporting the
FSRQ classification (G. Ghisellini et al. 2011).

4.2. SED: The Data

The broadband SED of a blazar provides crucial information
about the physical properties of its relativistic jet and the central
engine. Therefore, data from several observing facilities were
collected and analyzed, as briefly described below.

Fermi-LAT. PMN J1310—5552 is a faint gamma-ray emitter
and is detected at ~60 confidence level considering the first
14 yr of the Fermi-LAT operation (S. Abdollahi et al. 2020;
J. Ballet et al. 2023). Its gamma-ray spectral data points
provided in the 4FGL-DR4 catalog were adopted for the
broadband SED generation.

NuSTAR. Being a Swift-BAT-detected object, PMN J1310
—5552 is included in the list of sources to be observed with
NuSTAR as a part of its Extragalactic survey. The author
requested the NuSTAR science operations center to prioritize
observing this object, which was approved. PMN J1310—5552
was observed on 2023 June 10 for a net exposure of 21.77 ks
(obsid: 60160528002). The data were analyzed following standard
procedure.” The Heasoft version 6.33.2 was used along with
standard calibration files (version 20240311). The event file
was cleaned and calibrated using the task nupipeline, and
the source and the background spectra were extracted using the
pipeline nuproducts. The source region was chosen as a
circle of 49” centered at the target quasar. The background
region was considered as a circle of 70” from the same chip but
free from source contamination. The spectrum was binned to
have at least 15 counts per bin, and the spectral fitting was
performed in XSPEC (K. A. Armaud 1996). The source was
above the background up to ~50keV. A power-law model
provided a reasonable fit (x*=280.5 for 95 degrees of
freedom). The estimated 3—79 keV energy flux is 1.887)13 x
10~ ergem s~ ' and photon index is 1.4475:95.

Swift. Simultaneous to the NuSTAR pointing, PMNJ1310
—5552 was observed by the Swift satellite on 2023 June 10 for a
net exposure of 6.2 ks (obsid: 81135003). The X-Ray Telescope
(XRT) data were analyzed using the online Swift-XRT data
products generator* (P. A. Evans et al. 2009). The spectrum was
rebinned to have at least 15 counts per bin, and the spectral
modeling was done in XSPEC adopting an absorbed power-law
model (x*=13.3 for 15 degrees of freedom). The Galactic
neutral hydrogen column density along the line of sight
(Ng=2.08 x 10%! cm_z) was taken from P. M. W. Kalberla
et al. (2005) and kept frozen during the fit. The unabsorbed
energy flux and photon index in the 0.3—10 keV energy range
were found to be 5.1670-15 x 1072 ergem s~ and 1.127013,
respectively.

The joint fitting of the NuSTAR and XRT spectra was also
carried out by considering an absorbed power-law model with
Ny fixed to the Galactic value (Figure 4, left panel). To take
into account the cross-calibration uncertainties between
different instruments, an intercalibration constant was inserted
during the fit. This parameter was allowed to vary for the Swift-
XRT and NuSTAR focal plane module A (FPMA) and frozen
to unity for FPMB. It was estimated to be 0.83 +0.10 and
1.09 + 0.05 for XRT and FPMA, respectively. In the energy

> hups: //heasarc.gsfc.nasa.gov/docs /nustar/analysis /nustar_swguide.pdf
4 https: //www.swift.ac.uk /user_objects/
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range of 0.3—79keV, the best-fitted photon index and

normalization values were estimated to be 1.4070:02 and

574707 % 104 phem ?s 2! keV ™' (x* = 173.27 for 207
degrees of freedom). In order to examine the presence of any
spectral break in the X-ray spectrum of PMN J1310—5552, the
fitting was also carried out by applying an absorbed broken
power-law model. However, the fitting did not significantly
improve with respect to the absorbed power-law model (F-test
null hypothesis probability = 0.04).

PMN J1310—5552 was observed by the UltraViolet and
Optical Telescope (UVOT) in all six filters. The data were
analyzed following the recommended methodology. In part-
icular, the individual frames were combined using the tool
uvotimsum, and the source magnitudes were extracted using
the task uvotsource. The source region was selected as a
circle of radius 3" centered at the blazar. The background, on
the other hand, was a circle of 10” radius from a nearby source-
free region. The observed magnitudes were corrected for
Galactic extinction and converted to energy flux units using the
recommended conversion factors (A. A. Breeveld et al. 2011).

Archival Observations: The archival spectral measurements
of PMN J1310—-5552 were collected from the Space Science
Data Center’ (SSDC). Additionally, its 105 month averaged
Swift-BAT spectrum was also considered. The spectral data
points were extracted by fitting a simple power-law model.

4.3. SED: The Model

The broadband SED of PMN J1310—5552 was modeled
with the commonly adopted single-zone leptonic radiative
model (e.g., G. Ghisellini & F. Tavecchio 2009). The spherical
emission region was assumed to move along the jet with the
bulk Lorentz factor I' and cover the whole cross section of the
jet. The emission region was considered to be filled with
relativistic electrons whose energy distribution follows a
smooth, broken power-law spectral shape. In a uniform and
tangled magnetic field, these particles radiate via synchrotron,
synchrotron self-Compton (SSC), and external Compton (EC)
processes. The adopted reservoirs of the seed photons for the
EC mechanism are BLR, dusty torus, and the accretion disk.
The BLR and torus were assumed to be spherical shells of radii,

Lai Lai
Rpig = 1077 /ﬁ cm; Rpp = 2.5 x 1018 /ﬁ cm, (5)

respectively, emitting blackbody radiation. The radiative
energy density profiles of these components were adopted
from G. Ghisellini & F. Tavecchio (2009). The BLR and torus
were considered to reprocess 10% and 30% of the accretion
disk radiation, respectively. The jet powers were derived
following A. Celotti & G. Ghisellini (2008).

The SED model used in this work does not employ any
statistical fitting. The accuracy of the adopted/derived physical
parameters depends on the availability of contemporaneous
multiwavelength observations. For example, the information on
the central engine parameters, i.e., Mgy and Ly, constrains the
radiative profile and size of several external photon fields. In
powerful blazars, both X- and gamma-ray spectra are well
explained by the EC mechanism with negligible contribution from
the SSC process in X-rays, which regulates the magnetic field
and size of the emission region (see, e.g., V. S. Paliya 2015;

> https://tools.ssdc.asi.it/SED/
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Figure 4. Left: the data and the folded absorbed power-law model for the joint Swift-XRT and NuSTAR spectral fitting carried out in the 0.3—79 keV energy range.
The spectra were binned to have at least 3o significance in each bin. Right: the broadband SED of PMN J1310—5552. Various radiative components are shown with
different lines as labeled, and the black solid line is the sum of all of them. Gray data points refer to archival observations adopted from the SSDC server.

V. S. Paliya et al. 2016). Furthermore, the shape of the X- and
gamma-ray spectra directly constrains the spectral slopes of the
broken power-law electron energy distribution. The X- and
gamma-ray spectral shapes also enable an accurate measurement
of the high-energy peak location, which was found to lie at
~1MeV. Accordingly, the synchrotron emission peaks at low
frequencies (<10'>Hz), leaving the accretion disk emission
visible. Unlike the high-energy emission constraining the EC
process, the lack of the multifrequency radio observations of
PMN J1310—5552 implies that the synchrotron peak flux level
was not well constrained, also keeping in mind the synchrotron
self-absorption. In such a situation, the modeling was done
considering the SED parameters obtained for large samples of
“MeV” blazars in previous works (e.g., V. S. Paliya et al. 2020a;
L. Marcotulli et al. 2020). For example, the average Compton
dominance for FSRQs cannot be very large, ie., =100
(V. S. Paliya et al. 2021). Since the high-energy SED peak is
well-constrained, the synchrotron peak cannot be very low. If the
synchrotron flux level is low, to explain the bright, high-energy
radiation, one needs a large bulk Lorentz factor (>20—30), which
is unlikely (see, e.g., G. Ghisellini et al. 2014; V. S. Paliya et al.
2017). Further SED modeling guidelines can be found in
V. S. Paliya et al. (2017).

4.4. Physical Properties

The modeled SED covering radio-to-gamma-ray observa-
tions of PMN J1310—5552 is shown in Figure 4 (right panel),
and associated parameters are provided in Table 1.

The simultaneous NuSTAR and XRT data appeared
consistent with the archival observations, thus suggesting that
the source was not in any elevated activity state on 2023 June
10. The mission-averaged Fermi-LAT and Swift-BAT spectra
also represented the typical activity of PMNJ1310—-5552.
Interestingly, the Swift-UVOT spectral data points are far from
the archival optical observations, including the X-Shooter
spectrum (Figure 4). Given the low-synchrotron peaked nature
of the source, the rising spectral shape of the UVOT data does
not match with the rest of the SED. This ruled out the
possibility of flaring jet activity contributing to the elevated

Table 1
Summary of the SED Modeling Parameters
Parameters Values
Redshift 1.56
Black hole mass, in M, in log scale 9.81
Accretion disk luminosity, in erg s~ ", in log scale 46.86

Jet viewing angle, in degrees 3
Slope of particle distribution before break energy 1.7
Slope of particle distribution after break energy 4.7
Minimum Lorentz factor 1

Break Lorentz factor 49

Maximum Lorentz factor 3000
Magnetic field, in Gauss 1.2

Bulk Lorentz factor 10

Dissipation distance, in parsec 0.25
Size of the BLR, in parsec 0.27
Electron jet power, in erg s~ ', in log scale 45.1
Magnetic Jet power, in erg s~', in log scale 45.8
Radiative jet power, in erg s~ ', in log scale 46.9
Jet power in protons, in erg s, in log scale 47.6

UVOT flux level. Previous Swift observations of PMN J1310
—5552 taken in 2006 December were also analyzed to examine
the possible flux enhancement on 2023 June 10; however, no
significant variability was identified. If one considers the high
flux level of UVOT data points on two epochs (2006 December
and 2023 June) due to elevated accretion disk activity, such a
long-lasting accretion disk flaring episode is unlikely to occur.
Also, even if the accretion disk emission remained at an
elevated flux level for such a long time, it should have been
reflected in other archival observations taken in this period,
including X-Shooter and Goodman spectra. A possible
explanation for the observed discrepancy could be that this
object lies in the Galactic plane where the number density of
stars is high. There might be contamination from UV bright
stars lying adjacent to PMNJ1310—5552 to the observed
source flux. Indeed, the earlier optical spectrum taken by
N. Masetti et al. (2008) turned out to be possibly that of a star
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Figure 5. The plot of the accretion disk luminosity vs. jet power. The right plot shows the same quantities normalized for the mass of the black hole. The black dashed

line represents the one-to-one correlation.

so the source confusion might be responsible for the observed
brighter UVOT spectral data points.

The infrared-to-UV emission of PMN J1310—5552 is well
explained by the dusty torus and accretion disk models
(Figure 4), which allowed to constrain the Mgyand Ly as
discussed in Section 3.2. The source exhibits a flat, rising X-ray
spectrum, and the gamma-ray emission has a steep falling
spectral shape. Given the large bolometric power of the source,
these observations are consistent with the reported anticorrela-
tion of the SED peak frequencies and nonthermal jet luminosity
(e.g., R. M. Sambruna et al. 2010). A flat X-ray spectrum also
suggests the dominance of the EC over SSC since the latter is
expected to have a soft spectral shape in the X-ray band due to
the low-synchrotron peak nature of PMN J1310—-5552. The
observed X-ray spectrum also constrained the low-energy cutoff
of the electron population (ymin), Which has a rather low value
for “MeV” blazars (e.g., L. Marcotulli et al. 2017). The whole
X- to gamma-ray spectrum was well reproduced by the inverse
Compton scattering of the BLR photons. This sets the location of
the emission region within the BLR, similar to other luminous
blazars (e.g., V. S. Paliya et al. 2020a). Other SED parameters,
e.g., magnetic field and bulk Lorentz factor, were also found to
be similar to powerful FSRQs (see, e.g., L. Marcotulli et al.
2017; V. S. Paliya et al. 2019a).

It is now well established that the jet power correlates with
the accretion luminosity (S. Rawlings & R. Saunders 1991;
G. Ghisellini et al. 2014). The location of PMN J1310—5552 in
the disk—jet power correlation plot is shown in Figure 5. The
diagrams also include other blazars studied in previous works
(V. S. Paliya et al. 2017, 2019b, 2020a). As seen in the left
panel of Figure 5, PMN J1310—5552 hosts one of the most
powerful jets and accretion disks among all blazars below
z=2. It has a jet power larger than Ly similar to most other
sources. The right panel of Figure 5 shows the disk—jet power
correlation normalized for Mgy, i.e., in Eddington units. For
PMN J1310—-5552, the jet power and Lg;s are found to be sub-
Eddington. Some objects exhibit super-Eddington jet power;
however, it could be due to the underlying assumption of the
equal number density of electrons and protons, i.e., no electron-
positron pairs. The budget of the jet power will reduce if the jet

contains a few pairs (see, e.g., M. Sikora & G. Madejski 2000;
G. M. Madejski et al. 2016; P. Pjanka et al. 2017).

5. Summary

To identify luminous blazars harboring monstrous black
holes among Fermi-BCUs, the author examined the 4FGL-DR4
and the BASS-DR2 catalogs. Only one source, PMN J1310
—5552, was identified with Mgy =1.05x10"M. J. E.
Mejia-Restrepo et al. 2022). The detection of broad optical
emission lines and radiatively efficient accretion classify it as a
powerful FSRQ. The log scale central engine parameters, i.e.,
Mgy and Ly, estimated from the analysis of the Goodman
optical spectrum are 9.90 +0.07 (in M) and 46.86 £ 0.03
(erg s "), respectively. The modeling of the observed big blue
bump with the standard accretion disk model resulted in the log
scale Mgy =9.817940 (in M) and Ly;q=46.86"03 (inergs™),
respectively. The Mpyand Ly values estimated from two
different techniques are compatible and suggest PMN J1310
—5552 to host one of the most massive black holes and the
most luminous accretion disks among the blazar population.
The physical properties of this enigmatic blazar were explored
by modeling the broadband SED using data from NuSTAR,
Swift, Fermi-LAT, and archival observations. PMN J1310
—5552 is a “MeV” blazar with SED parameters similar to
other members of this unique class of blazars.

The reported findings highlight that cosmic treasures are still
hidden among the unknown high-energy emitters. Effective
utilization of the ongoing wide-field, multiwavelength surveys,
and optical spectroscopic follow-up are the keys to discovering
them and enhancing our understanding of the physics of
relativistic jets.
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