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Abstract: We consider the sample of 55 blazars and Seyferts cross-correlated from the Planck all-sky
survey based on the Early Release Compact Source Catalog (ERCSC) and Swift BAT 105-Month
Hard X-ray Survey. The radio Planck spectra vs. X-ray Swift/XRT+BAT spectra of the active galactic
nuclei (AGN) sample were fitted with the simple and broken power law (for the X-ray spectra
taking into account also the Galactic neutral absorption) to test the dependencies between the photon
indices of synchrotron emission (in radio range) and synchrotron self-Compton (SSC) or inverse-
Compton emission (in X-rays). We show that for the major part of the AGN in our sample there is
a correspondence between synchrotron and SSC photon indices (one of two for broken power-law
model) compatible within the error levels. For such objects, this can give a good perspective for the
task of distinguishing between the jet base counterpart from that one emitted in the disk+corona
AGN “central engine”.

Keywords: blazars; active galactic nuclei; X-rays; jets; synchrotron emission; inverse-Compton
emission

1. Introduction

The blazars are the radio-loud AGN with one jet directed along the line-of-sight to
the observer (i.e., AGN type 0). Due to the jet alignment, an observer can see near pure jet
base emission at the AGN center, as the emission of the disk+corona «central engine» is
usually significantly weaker than the jet base one, and almost not visible in the blazar’s
X-ray spectrum. This makes blazars especially interesting when we intend to investigate
the properties of the jet base emission. Here, we consider the dependence between the
direct synchrotron emission of a jet base in the radio wave range and its inverse Compton
(IC) or synchrotron self-Compton (SSC) emission in X-rays. Taking into account that non-
blazar radio loud (RL) AGN have the same non-thermal component in their spectra, this
dependence can open some possibilities to distinguish between nuclear (disk+corona) and
jet base components in their high energy spectra extrapolating some parameters of the jet
base synchrotron radio spectra to IC/SSC ones.

The jet base is of the order of a percent of pc in size. It is composed of ultra-relativistic
plasma, either electron-positron (usually referred to as leptonic) or electron-proton (referred
to as hadronic); the composition of this plasma is still being debated. Plasma particles are
ejected at relativistic bulk velocity from an AGN central region and being accelerated at
shock fronts inside the jet, emit synchrotron radiation visible at a wide range of wavelengths
from radio to ultraviolet or even higher.
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Depending on the peak frequency vg of the Synchrotron power (of peak intensity)
vsF(vg) two classes of BL Lacs were introduced in [1]: low-frequency peaked BL Lacs (LBL)
and high-frequency peaked BL Lacs (HBL). In [2], similar classification was introduced to
the sample of all blazars: low Synchrotron peaked blazars (LSP, vg < 10'4 Hz), intermediate
Synchrotron peaked blazars (ISP, 101 < vs < 10> Hz), and high Synchrotron peaked
blazars (HSP, vg > 10'® Hz) (see also discussion in [3-5]).

In addition to the dominant non-thermal jet-driven emission, accretion-driven thermal
disk radiation, Comptonised by a hot ~100 keV corona to power-law X-ray emission, can
also make a significant contribution to the overall X-ray flux in some cases (3C120, 3C273,
etc.) [2,6,7]. Signatures of such a disk+corona contribution in X-ray spectra are expected
from LSP blazars in which IC/SSC jet components are dominant. Some ISP blazars with the
intersection of falling synchrotron and rising IC/SSC spectra in the X-ray band (similarly
to IBL S5 0716+714) are also promising candidates for the investigation of a jet-disk+corona
interplay in X-ray band [2,8].

As it was shown in [9], the jet synchrotron and X-ray IC/SSC spectra are interconnected
because they are produced by the same leptonic cosmic ray population. In particular, there
is a relationship between photon indices in radio-band I'r and X-ray band I'x.

In our work, we investigate how this dependency manifest itself in radio and X-ray
spectra of the sample of radio loud AGN created from the cross-correlation of the Swift BAT
105-Month Hard X-ray Survey (https:/ /swift.gsfc.nasa.gov/results/bs105mon/ Accessed
on 10 June 2020) and the Planck Early Release Compact Source Catalog (ERCSC, [10])
(http:/ /www.sciops.esa.int/index.php?project=planck&page=Planck_Legacy_Archive Ac-
cessed on 15 June 2020). For this purpose, we use the 24-240 GHz Planck spectra and the
Swift/XRT+BAT spectra of the same objects in X-rays and compare the photon indices.

The organisation of this paper is as follows. In the Section 2, we analyse the non-
thermal MWL emission of AGN jets. In Section 3, we describe our AGN sample and
spectral fitting procedure. In Section 4, we discuss an interconnection of radio and X-ray
spectra of considered AGN and in Section 5 we draw out our conclusions.

2. Spectral Energy Distribution of Radio Loud AGN

Accelerated particles—cosmic-ray electrons and positrons (hereafter electrons)—of the jet
in the most cases are distributed over the energies E > E,;, (Lorentz factor y = E/ MeC® > V)
following a single power-law dependency N(E) « E~? exp(—E/Ecyt) of the injected elec-
tron spectrum with the spectral index p and an exponential cut-off at E ~ E¢y; [9,11]. Such
distribution of ultra-relativistic electrons (v, > 1) generates a two-hump spectrum con-
sisting of the low-frequency synchrotron component and the high-frequency component
due to inverse-Compton scattering (IC) of synchrotron photons (synchrotron-self-Compton
SSC) or external low energy photons (CMB and other background radiation) by the same
electron population [12]. In Figure 1, the two-hump spectra of two LSPs (3C279 and 3C273)
and two HSPs (Mrk 421 ans Mrk 501) blazars are presented. In 3C273 case, the thermal
contribution of the accretion disk in the optical-UV band is also visible.

The fast radiation cooling of the high energy relativistic electrons (if present) results
in the broken power law spectrum of the final emitting electrons with the spectral index
p +1for v > 7. For such a two-segment power law electron spectrum the corresponding
synchrotron spectrum for the slow cooling case (yc > 7y) is the four-segment power law
F, < v~% with the spectral indices a; (the photon index I's = a5 + 1) equal to —2.0, —1/3,
(p—1)/2,and p/2forv < vg, vy <V < Uy, Uy < V < Vg, and v > v, correspondingly. Here
v, is the self-absorption frequency, vy, is the frequency of synchrotron emission of electrons
with minimum Lorenz factor y = vy, v, is the same for electrons at the edge of fast cooling
with ¢ = 7. and the typical case v; < vy, < v, with the weak self-absorption regime v, < v,
is considered [9]. Synchrotron frequencies v; (i = a,m, c) are radiated by electrons with
7; via y-scattering of virtual photons with gyrofrequency vy = wq /27 = eB/(27tm,c) in
magnetic field B: v; ~ y2vg.
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Figure 1. Two-hump multi-wavelength spectra of LSP (3C279 and 3C273) and HSP (Mrk 421 ans Mrk
501) blazars. In 3C273 case the thermal contribution of disk in optical-UV band is also visible. Credit:
A.E. Wehrle/M.A. Catanese/].H. Buckley /Whipple Collaboration.

In the case of IC/SSC emission, the real photons of background (IC) or newly generated
synchrotron (SSC) radiation are 7*-scattered by the relativistic electrons and characteristic
frequencies of the SSC spectra are dependent on ones of synchrotron spectra VinC ~ 'ylzv]-.
Therefore, the profiles of the SSC spectra are similar to the synchrotron ones and for the
considered above case v, < vy < v, the four-segment power law spectrum has the spectral
indices ajc (the photon index I'jc = ajc + 1) equal to —1.0, —1/3, (p —1)/2, and p/2 for
v <ulC vIC < v < vIC VIS < v < VI, and v > v[S, correspondingly [9].

The multi-wavelength spectral energy distributions of blazars (BL Lacs and FSRQs)
clearly demonstrates the two-hump shape (Figure 2, taken from [4]). As itis discussed in de-
tail in [4], at low frequencies v < v; up to the self-absorption frequency 10! < v;/Hz < 10'2
in the radio band a reasonable approximation of all observable spectra corresponds to
power law with ag = —0.1 or photon index I'r = 0.9. In log(vL,) — log v representation
where L, is the spectral luminosity, the peak frequency vs of the synchrotron emission de-
termines the mentioned above classes (LSP, ISP, and HSP) of blazars. At frequency v, s the
transition to the IC-dominated emission takes place. In a similar way, the peak frequency v¢
determines Compton-dominated hump and at v.,,; c Compton-dominated emission decays.
Between limiting frequencies v¢ and v, ¢, the two-segment power law approximations
for synchrotron humps (photon indices I'; and I';) and for IC/SSC humps (photon indices
I'; and I'y = I'p) are presented and analysed in [4]. In Figure 2, the hump parameters are
indicated for the FSRQs with 44 < log(L, /ergs~!) < 45. From Table 1, in [4], it follows
that interconnection between synchrotron radio-spectra at frequencies v; < v < vg and
IC/SSC X-ray spectra at frequencies v > v, s as signatures of emission produced by
common cosmic-ray electron population is visible in some cases. Namely, in the cases of
FSRQs with 44 < log(L, /ergs~1) < 47 the photon indices I'; ~ 1.5, while 1.4 < I'; < 1.75
and IC/SSC X-ray emission dominates for v > v, s ~ 10'6 Hz. There are also promising
sources among BL Lacs with 46 < log(L,/ergs—!) < 48 for which 1.5 < T; < 1.65 while
1.45 < T'3 < 1.62 and IC/SSC X-ray emission dominates for v > v ;s = 6 X 10 Hz.
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Figure 2. Spectral parameters of the two-hump multi-wavelength spectra for the new phenomeno-
logical Fermi blazar sequence, substantiated in [4]. Upper, middle and lower parts of the figure show
the spectra of FSRQs, BL Lacs, and all sources, correspondingly. Different colours indicate different
bins of the log(L, /ergs~!). Characteristic frequencies and photon indices are presented for FSRQs
case with 44 < log(L, /ergs™!) < 45. See detail in the text. Figure taken from [4].

3. The AGN Sample and Spectral Fitting

This research includes all the Swift/XRT+BAT datasets available in public data archive
HEASARC for the objects of the sample identified as beamed AGN'.

However, other sources identified these objects as BL Lacs (Table 1), FSRQs (Table 2),
and Seyferts 1 (Table 3). In these Tables we show the source type, coordinates, and redshift
following the SIMBAD data” and the neutral hydrogen absorbing column in the Galaxy
following [13].

Table 1. Sub-sample of BL Lac type blazars.

Object Type RA [h, m, s] Dec[°,’,”] z Ny [em™2]
PKS 0426-380 LSP 04 28 40.42 —375619.58 1.11 2.3 % 1020
PKS 0521-36 LSP 05 22 57.98 —3627 30.84 0.05 4.1 x 1020
PKS 0537-441 LSP 05 38 50.36 —44 05 08.93 0.89 3.5 x 1020
S5 0716+714 ISP 07 21 53.44 +71 20 36.36 0.3 3.5 x 1020

Mrk 501 HSP 16 53 52.21 +39 45 36.6 0.03 3.5 x 1020
S5 1803+784 LSP 18 00 45.68 +78 28 04.01 0.68 4.1 x 1020
PKS 2005-489 HSP 20 09 25.39 —48 49 53.72 0.07 4.1 x 1020

PKS 2331-240 ISP 2333 55.23 —23 43 40.65 0.05 1.7 x 1020
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Table 2. Sub-sample of FSRQ type blazars.

Object Type RA[h,m,s] Decl°’,"] z Ng [em™2]
S50212+735 FSRQ-LSP 02 17 30.81 +73 49 32.61 2.36 3.9 x 102
PKS 0312-770 FSRQ 03115525  —765150.84 0.22 8.0 x 1020
4C +32.14 FSRQ 03 36 30.1 +321829.34 1.26 2.7 x 102
4C +50.11 FSRQ 03 59 29.74 +5057 50.16 1.52 2.7 x 102
PKS 0402-362 FSRQ 04035374  —360501.91 1.42 6.1 x 1017
PMN J0525-2338 FSRQ 05 25 06.50 —233810.8 3.1 2.4 x10%
PKS 0528+134 FSRQ-LSP 05 30 56.46 +133155.14 2.07 2.4 x 102
PKS 0537-286 FSRQ 053954.28  —283955.94 3.1 2.4 x 10%
B2 0552+39A FSRQ 055530.80  +394849.16 2.37 2 x 102!
PMN J0623-6436 FSRQ 062307.69  —643620.71 0.12 4.7 x 1020
PKS 0723-008 FSRQ 07 25 50.63 -00 54 56.54 0.12 1.7 x 102
4C +71.078 FSRQ 084124.35  +705342.28 2.21 3.1 x10%
S51039+81 FSRQ 1044 23.06  +805439.44 1.26 2.7 x 1020
PKS 1127-14 FSRQ-LSP 113007.05  —144927.38 1.18 3.8 x 1020
4C +49.22 FSRQ-LSP 11 53 24.46 +49 31 08.83 0.33 3.8 x 1020
FBQSJ1159+2914  FSRQ-LSP 115931.83  +291443.82 0.72 3.8 x 102
PG 1222+216 FSRQ 12245445  +212246.38 0.43 2.3 x 102
3C 273 FSRQ-LSP 122906.69  +02 03 08.59 0.15 2.3 x 1020
3C 279 FSRQ-LSP 125611.16 ~ —054721.53 0.53 2.3 x 102
PKS 1329-049 FSRQ 13 32 04.46 —050943.3 2.15 2.4 x 102
PKS 1335-127 FSRQ 133739.78  —125724.69 0.54 6.5 x 1020
PMN J1508-4953 FSRQ 150838.94  —495302.32 - 3.4 x 102
PKS 1510-08 FSRQ 15125053  —09 05 59.82 0.36 9.3 x 1020
PKS 1622-29 FSRQ 16 26 06 —29 512697 0.81 2.6 x 102
3C 345 FSRQ-LSP 16 42 58.81 +39 48 36.99 0.59 2.6 x 102
PKS 1830-21 FSRQ-LSP 18 33 39.92 —210339 25 2.6 x 1021
B1921-293 FSRQ 192451.05  —291430.12 0.35 2 x 102
4C +73.18 FSRQ 19274849  +735801.57 0.3 1.1 x 102!
PKS 2008-159 FSRQ 2011 15.71 —1546 40.25 1.18 2 x 102
QSO B2013+370 FSRQ 2015 28.72 +37 10 59.51 0.85 1.3 x 102
B2 2023+33 FSRQ 202510.84 +33 43 0.22 7.7 x 10?1
PKS 2052-47 FSRQ 20 56 16.35 —47 14 47.62 1.49 3.2 x 10%
[HB 89] 2142-758 FSRQ 2148 —75.575 1.13 7.7 x 102!
PKS 2145+06 FSRQ 21 48 05.45 +06 57 38.6 1 5.6 x 1020
PKS 2149-306 FSRQ-LSP 2151 55.52 —3027 53.69 2.35 1.8 x 10%0
4C +31.63 FSRQ-LSP 22031497  +314538.26 0.29 1.2 x 10?1
I Zw 171 FSRQ 2211 53.88 +18 41 49.85 0.06 5.1 x 1020
[HB 89] 2230+114 FSRQ 223148 +11.721 1.03 5.1 x 1020
PKS 2227-088 FSRQ-LSP 2229 40.08 —08 32 54.43 1.55 5.0 x 1020

3C 454.3 FSRQ 225357 +16 08 53 0.85 8.6 x 1020
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The Planck spectra within the frequency range 24 to 240 GHz were taken from the
Early Release Compact Source Catalog (ERCSC) of compact sources observed by Planck
during the 2009-2010 whole sky coverage. These Planck spectra are publicly available on
the HEAVENS webpage®.

The Swift/XRT spectra were obtained using the observations made by UK Swift
Science Data Centre (UKSSDC) at the University of Leicester?. We have used single-pass
centroid with the maximum of 10 attempts and 6 arcmin search radius.

The Swift/BAT spectra were obtained from the Swift BAT 105-Month Hard X-ray
Survey official webpage”.

To perform the spectra fitting the XSPEC package of the NASA HeaSoft version 6.27.2
software for astronomical data processing and analysis® was applied.

Table 3. Sub-sample of Seyfert 1 type AGN.

Object Type RA [h, m, s] Dec[°,’,”] z Ny [em™2]
Mrk 1501 Seyfert 1 0010 31.00 +105829.5 0.09 7.1 x 1020
QSO B0309+411 Seyfert 1 03 13 01.96 +412001.18 0.13 1.7 x 102
PKS 0405-12 Seyfert 1 04 07 48.43 —1211 36.66 0.57 42 x 1020
PKS 1143-696 Seyfert 1 11 45 53.62 —69 54 01.79 0.24 2.8 x 102!
3C 309.1 Seyfert 1 145907.58  +714019.86 0.9 2.4 x 10%
3C 380 Seyfert 1 1829 31.78 +48 44 46.15 0.69 24 x 1020
8C 1849+670 Seyfert 1 18 49 16.07 +67 05 41.68 0.66 6.0 x 1020
NGC 7213 Seyfert 1 2209 16.21 —4710 00.08 0.005 1.1 x 1020

To fit the spectra in the both radio and X-ray range (here we include also the neutral
hydrogen absorption in our model) we use the simple or broken power-law model taking
into account that the flattering frequency v; due to the self-absorption may be located
in the Planck range and the dip frequency v, s of the transition from synchrotron to IC
component may be located in the Swift range or higher (Figure 2). So, if the self-absorption
frequency v; falls into the Planck range 24 GHz < v; < 240 GHz, the two-segment power
law approximation results in two photon indices: I'y; < 1forv < vyand I';, > 1 forv > v;.

In a similar way, simple power law X-ray Swift spectra with 2 > I'; =~ I'; > 1 are
expected for the LSP and some IPS blazars with v,,; s < 10V Hz, i.e., below the Swift range.
Otherwise, the two-segment power law approximation of X-ray spectra will results in two
photon indices: I';; > 2 for v < vgyp s and 2 > I'y, > 1 for v > veye s. If hvg, s exceeds the
Swift/BAT range (175 keV) two photon indices: I';; > 2 for E < Ej, and I'; j, > I'; for
E > Ep, describe the falling part of the synchrotron spectra of HPS blazars.

In Table 4, we show the best-fit model parameters to the Planck and Swift/XRT+BAT
spectra of the sample of 55 blazars and Seyferts. The models used to fit them were:

*  po (simple power-law, for the Planck spectra);

*  bknpo (broken power-law, for the Planck spectra);

*  po*tbabs (absorbed power-law, for the Swift/XRT+BAT spectra);

*  bknpo*tbabs (absorbed broken power-law, for the Swift/XRT+BAT spectra).

We explain the details of our Planck spectra fitting and data statistics in the Appendix A.

In columns 2—4 of the Table 4, we show the best-fit photon indices and break energies
for the Planck spectra of the objects shown in the first column; in the last three columns we
show the photon indices and the break energies for the X-ray (Swift/XRT+BAT) spectra.
If the difference between the simple power-law and broken power-law is statistically
significant (i.e., the null-hypothesis probability P,,;; < 10% where the null-hypothesis
corresponds to the simple power-law model) we show the best-fit broken power-law model
parameters. If there is not such difference between these two models in sense of x-statistics
and values of parameters, we show the simple power-law photon index only.
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Table 4. The best-fit model parameters for the Planck and Swift/XRT+BAT spectra.
Object Radio X-rays
Parameter -> Iy, Ep, 104 eV Ty I3, Ep, keV T35
Mrk 1501 04+0.38 1.6 £0.4 1.47 £ 0.09 1.62 £ 0.03 74 £ 69 291 +£0.16
S5 0212+735 1.57 +0.08 4.0+ 0.6 20£03 1.41 4+ 0.08 - -
PKS 0312-770 04+03 20+£02 1.95+0.15 2.15 £ 0.08 27+03 1.41 £+ 0.09
QSO B0309+411 1.0+ 0.2 - - 2.7+ 0.6 12+02 1.8 £ 0.07
4C +32.14 1.62 £0.14 - - 1.47 £ 0.07 25+4 1.8£03
4C +50.11 1.60 £+ 0.05 - - 1.66+0.07 - -
PKS 0402-362 1.13 £ 0.08 6.0 0.6 1.45 £ 0.05 1.58 +£ 0.04 9.5+93 20+£05
PKS 0405-12 1.64 +0.09 - - 1.79 £ 0.15 21 +4 2.7+0.3
PKS 0426-380 0.7+ 04 20+£0.6 1.57 £ 0.08 1.66 + 0.07 41+£19 1.35 £ 0.07
PKS 0521-36 1.11 +0.09 41+07 1.32 +£0.03 1.58 +0.03 48+1.8 1.86 + 0.06
PMN J0525-2338 0.6 £0.6 25+03 25+05 1.5+0.8 - -
PKS 0528+134 1.9+£0.1 - - 09403 1.5+£09 1.49 + 0.07
PKS 0537-441 20+04 - - 20+£02 0902 1.68 £ 0.03
PKS 0537-286 1.10 £+ 0.08 41+08 1.43 +0.03 1.20 £+ 0.06 109 £5.2 1.36 + 0.04
B2 0552+39A 25+03 1.9£0.5 1.78 £0.10 1.45 +£0.11 - -
PMN J0623-6436 0.87103% 21401 1.59 + 0.08 1.63 £ 0.11 - -
S5 0716+714 0.75 £ 0.29 34+06 1.28 + 0.07 2.02 £ 0.09 6.1+04 1.13 £ 0.06
PKS 0723-008 0.85 £ 0.06 3.7+0.6 1.48 + 0.06 1.62 £ 0.05 - -
S5 1039+81 1.38 +0.15 - - 1.25+0.35 27+18 1.65 £ 0.12
PKS 1127-14 0.6 +£04 29+0.6 1.70 £ 0.08 1.49 £+ 0.06 184 +£99 27+1.6
PKS 1143-696 1.12+0.35 33+15 1.85 + 0.27 25+14 unc. 1.79 £ 0.14
4C +49.22 1.29 £ 0.05 - - 1.68 = 0.05 54128 1.84 + 0.04
FBQS J1159+2914 1.17 4 0.06 - - 1.53 4 0.04 4730 >1.6
PG 1222+216 0.28 + 0.22 24 +0.6 1.62 +£0.12 2.16 +£0.17 1.1+£0.1 1.43 +0.03
3C273 0.96 + 0.01 3.8+£02 1.76 £ 0.03 1.52 £ 0.03 25+03 1.724+0.01
3C 279 1.12 +0.08 4+1 1.60 £+ 0.03 1.49 £+ 0.05 25+03 1.67 £ 0.03
PKS 1329-049 1.22 £ 0.09 - - 1.33 £ 0.09 - -
PKS 1335-127 1.13 £ 0.04 35+08 1.64 £+ 0.06 1.42 +0.02 64 +0.7 21+03
3C 309.1 1.41 £0.13 - - 1.48 + 0.07 - -
PMN J1508-4953 0.6 £ 0.5 35+£07 1.5+0.3 1.32 + 0.07 - -
PKS 1510-08 1.13 £0.06 33+04 1.85 £ 0.09 1.31 £ 0.02 10.7 £ 6.5 1.39 £ 0.05
PKS 1622-29 1.08 + 0.08 - - 1.39 4 0.03 7.1+09 191404
3C 345 1.33 +£0.02 3.8+08 1.80 £+ 0.04 1.97 £ 0.22 1.2+0.2 1.64 + 0.04
Mrk 501 1.57 £0.10 - - 2.09 £ 0.01 21+ 14 246 +£0.13
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Table 4. Cont.

Object Radio X-rays
Parameter -> Iy, Ep, 1074 eV Ty I3, Ep, keV T35
S5 1803+784 1.17 £0.04 40+0.8 1.51 £ 0.06 1.52 £0.04 - -
3C 380 1.53 +0.09 3.7+05 1.95+0.15 1.67 +0.17 23+£09 21+03
PKS 1830-21 1.74 £0.04 - - 1.40 £ 0.03 53£0.7 1.21 £0.05
8C 1849+670 1.26 +0.19 37+16 1.53 £0.11 1.72 +0.10 63£53 149 £0.1
B1921-293 1.32 £0.01 49403 1.72 £0.03 1.82 £0.10 - -
4C +73.18 1.04 +£0.55 224+07 1.75 £ 0.08 1.76 + 0.05 - -

PKS 2005-489 1.13 £0.12 55+£09 1.94+0.3 1.42 £0.02 71+£0.6 244+03
PKS 2008-159 1.64 4 0.14 - - 1.40 4 0.02 6.4+ 0.9 20193
QSO B2013+370 1.51 £0.20 - - 1.16 £0.20 22 +18 224+0.8
PKS 2052-47 1.39 £ 0.04 45+15 1.41 £0.07 1.38 £0.02 11.0+04 2.2f8:2

PKS 2145+06 1.35 £+ 0.04 39+04 1.97 £ 0.05 1.28 £+ 0.06 20+ 05 1.43 +0.01
[HB 89] 2142-758 0.7 £0.2 20+02 1.46 £ 0.05 0.8+£03 1.8+ 0.3 149 £0.11
4C +31.63 1.0+ 04 3.0£09 1.49 £+ 0.154 1.62 £ 0.06 - -
IZw 171 1.27 +0.16 - - 1.81 + 0.05 - -
PKS 2149-306 1.12 £ 0.09 - - 1.22 £0.03 14+5 1.61 £0.13
NGC 7213 —1.67 £0.15 - - 1.69 + 0.03 - -
PKS 2227-088 0.97 £ 0.06 42+09 1.61 £ 0.08 13+15 <85 1.69 £0.32
[HB 89] 2230+114 1.39 £ 0.04 57+0.8 2.0+£0.2 1.40 £0.02 71+£21 1.96 £0.11
3C 454.3 0.37 £ 0.05 3.0+£0.2 1.21 £ 0.03 1.92 +£0.20 1.2+03 1.62 +£0.03
PKS 2331-240 0.9 £0.07 3.6£03 1.57 £0.12 1.64 £0.04 76 £22 244+03
4C +71.078 0.73 £ 0.05 32+05 1.20 £0.15 1.33 £0.03 6.7 £ 18 1.73 £0.07
B2 2023+33 1.37 £0.15 74+£08 -02+0.8 146 £0.17 - -

4. AGN Sample: Interconnection of Radio and X-ray Spectra

As we can see from the Table 4 33 of 55 AGN have at least one of the photon indices
in the model of Planck spectrum coincident with one of the photon indices of the X-ray
spectral model. In total, 23 AGN of this subsample follow the pattern when the single I'; or
the upper I'y ;, photon index of the Planck spectrum coincides within the error levels with
the single I'; or lower I's; photon index of the X-ray spectrum, i.e., in both radio and X-ray
ranges we see the lower segments of the synchrotron and IC/SSC components.

Such a situation we observe for S5 0212+735, PKS0312-770, PKS 2331-240, PKS0537-
441, PMN J0623-6436, 3C 309.1, 4C +31.63, 4C +32.14, 4C +50.11, 4C +73.18, PKS 1329-049,
PKS 2005-489, PKS 2227-088, PKS 0405-12, PKS 0426-380, PKS 0528+134, PKS 0723-008,
B2 0552+39A, S5 1039+81, S5 1803+784, B1921-293, B2 2023+33, PMN ]J1508-4953, and
others. In total, 8 objects of this subsample follow the pattern when the single I'1 or the
upper I'y ;, photon index of the Planck spectrum coincides within the error levels with the
upper I'; , photon index of the X-ray spectrum, i.e., PKS 1143-696, PG1222+216, 3C 273,
3C 279, and others. Three objects have both upper and lower photon indices of the Planck
spectrum coincident with the X-rays ones: PKS 0537-286, [HB 89] 2230+114 and 3C 380;
such a situation can be interpreted as if we can see the I'; ; , and I'3 ; , segments in the both
Planck and Swift spectra. However, for some of them, namely 3C 273, [HB 89] 2142-758,
etc., the values of the lower photon indices are below 1, what can be interpreted for the
radio range as a sign of the self-absorption (see Figure 1 for the 3C273 case).

The subsample with no correspondence between the photon indices is also quite
significant and consists of 22 blazars. There can be different explanations for each of these
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objects. For instance, as shown in [14], the single synchrotron zone model is inappropriate
for 3C 454.3. Mrk 501 is the HSP blazar for which we see the lower part of synchrotron
hump in the Planck spectrum and the upper one in X-rays. The IC/SSC spectrum of Mrk
501 is situated above the energies we consider here (see Figure 1). Similarly, to explain
the 4C +49.22 spectral properties the two-zone SSC model is needed [15]. PKS 1830-21 is
a gravitationally lensed blazar and its spectra thus can be distorted by the influence of a
lensing object [16]. The classification type of PKS 0521-36 is not surely BL Lac, there are some
signs of a Broad Line Radio Galaxy (BLRG) also [17], and thus the accretion disk/corona
counterpart in its X-ray spectrum can be quite significant. S5 0716+714 is an ISP blazar
for which the significant part of the Planck spectrum lies in the self-absorbed zone and in
X-rays we see a dip-like intersection of synchrotron and SSC spectra at E;, ~ 6 keV [8].

5. Conclusions

In the simple one-zone model of multi-wavelength radiation of radio-loud AGN
the observable two-hump spectra with vL,-maxima in low-energy (~10~! — 10* eV) and
high-energy (>107 eV) bands can be naturally explained by the non-thermal synchrotron
and IC/SSC emission of relativistic leptons, accelerated at relativistic shocks, and during
magnetic field reconnections in relativistic jets. Typical power-law spectra of accelerated
leptonic cosmic-rays result in similar predicted slopes or photon indices of low-energy
radio and high energy X-ray and <-ray emission. Meantime, in some radio-loud AGN
Comptonised thermal X-ray luminosity of accretion disk+corona complex can be compa-
rable to the non-thermal X-ray jet luminosity. Joint analysis of radio and X-ray spectra
of such AGN open a possibility to disentangle jet and disk+corona contributions and to
clarify the radiative processes in AGN. We carry out a comparative analysis of Planck radio
spectra and Swift /XRT+BAT X-ray spectra for the sample of 55 beamed AGN (Blazars
and Seyferts 1) from the Swift BAT 105-Month Hard X-ray Survey. For 33 of 55 AGN we
confirm predicted by one-zone model coincidences of the photon indices of radio and
X-ray spectra. As expected, comparison of radio and X-ray data can help to disentangle jet
and disk+corona contribution in case of LSP and some of ISP radio-loud AGN, in which
transition from synchrotron to IC/SSC dominant contribution take place in sub-keV region.
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Appendix A. Planck Spectral Models

The Planck spectra were fitted using the two models:
¢  Simple power-law pow;
*  Broken power-law bknpo.

The results of our fitting are shown in the Table Al. In several exclusive cases when
the both models mentioned above gave the fits with the x /d.o.f. > 2.0 we tried to apply the
more complicated model, namely, the three-segment broken power-law one, with the three
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different photon indices and two breaks. These cases are marked by upper digits in the
Table Al and described in details below the Table. To estimate the statistical significance
of our models, we suppose the simplest one of them, i.e., the single power-law as a null-
hypothesis. Using the Fisher test (ftest in the XSPEC) we calculated the null-hypothesis
probability for every object of the sample; these probabilities are shown in the last column
of the Table A1.

Table Al. The model parameters for the Planck spectra.

Object Power-Law Broken Power-Law
Parameter -> I X?ld.o.f. I, Ep, 1074 eV T'in x?ld.o.f. Pnun
[HB 89] 2142-758 1.29 4+ 0.05 103.4/5 0.7+0.2 20+02 1.46 4+ 0.05 6.6/4 0.2 %
[HB89] 2230+114  1.52+0.05 81.4/5 1.39 £ 0.04 57 +038 22402 5.7/4 0.2 %
PMN J0623-6436 1.38 +0.08 26.1/4 0.87103 21+0.1 1.59 +0.08 49/3 3.7%
PMN J0525-2338  1.61 +£0.12 10.8/2 0.6 +0.6 25+03 25+05 1.1/1 20.7%
PMN J1508-4953 09+02 10.8/2 0.6 +05 35+07 1.51 4 0.46 1.3/1 22.6%
3C 2731 1.35 4 0.02 4520.6/6 0.96 + 0.01 38+02 1.76 £ 0.03 16.6/5 <0.01%
3C 279 1.47 £ 0.03 43.9/7 1.12 £ 0.08 4+1 1.60 £ 0.03 7.9/6 0.2%
3C 309.1 141+0.13 0.71/2 - - - - -
3C 345 1.61 £ 0.03 61.6/6 1.33 £ 0.06 38+05 1.80 + 0.04 3.1/4 0.3%
3C 380 1.7 £0.05 249/5 1.53 £ 0.09 37+05 1.95 4+ 0.15 6.6/4 3%
3C 4543 0.95 + 0.03 426.7/7 0.31 £ 0.05 3.0 +£0.20 1.21 £ 0.03 6.2/5 <0.01%
4C +31.63 12402 20.0/5 1.04+035 3.0+09 149 £0.15 40/3 9%
4C +32.14 1.62 +0.14 29/3 - - _ - -
4AC +49.22 1.29 £ 0.05 - - - _ - -
4C +50.11 1.60 £ 0.05 - - - - . -
4C +71.078 1.33 £ 0.05 347.3/5 0.73 £ 0.05 32+05 1.92 £ 0.05 0.8/3 0.01%
4C +73.18 1.65 £ 0.07 9.4/5 1.04 £ 0.55 22+07 1.75 £ 0.08 29/3 17%
8C 1849+670 1.26 £ 0.10 24.4/5 1.254+0.19 37+15 153 +£0.11 3.6/3 5.6%
S5 0212+735 1.6+ 0.6 7.0/3 1.57 £ 0.08 4+06 20+03 1.9/2 14.6%
S5 0716+714 1.18 + 0.06 222/4 0.75 £ 0.28 34+0.6 1.28+0.07 43/3 3.9%
S5 1039+81 1.38 £0.25 1.3/2 - - - - -
S5 1803+784 1.3 4+0.05 32.6/5 1.17 £ 0.04 40+038 1.51 4 0.06 1.8/3 1.3%
PKS 0312-770 1.45 + 0.08 35.8/4 04+03 20+02 1.95 +0.15 27/3 0.9%
PKS 1127-14 1.16 + 0.08 1419/4 0.6 £ 0.4 29+0.6 1.7 £0.08 0.9/2 0.6%
PKS 1143-696 13+02 17.3/4 112 +0.35 33+15 1.85 +0.27 6.0/3 10%
PKS 1329-049 1.22 £ 0.09 7.2/4 - - _ - -
PKS 1335-127 1.35 +£0.03 52.1/5 1.13 £ 0.04 35+038 1.64 £ 0.06 45/3 2.5%
PKS 1510-08 1.38 & 0.04 65.3/5 1.1340.06 39+04 1.85 4 0.09 74/4 0.5%
PKS 1622-29 1.08 + 0.08 09/4 - - ; - -
PKS 1830-21 1.74 £ 0.04 3.8/4 - - _ - -
PKS 2005-489 131 +0.11 145/3 1.13 +0.12 5.5+ 0.9 19403 4.7/2 17.8%
PKS 2008-159 1.64 +£0.14 19/1 - - R - -
PKS 2052-47 1.48 £ 0.03 10.6/5 1.53 & 0.04 45+15 141 £0.07 8.6/4 38.9%
PKS 2145+06 1.57 +0.2 127.8/5 1.35 4 0.04 39+04 1.97 £ 0.05 44/3 0.6%
PKS 2149-306 1.52 4 0.09 0.42/1 - - _ - -
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Object Power-Law Broken Power-Law
Parameter -> I'1 led.o.f. I, Ep, 1074 eV T led.o.f. Pnun
PKS 2227-088 1.22 + 0.04 15.7/4 0.97 £+ 0.06 42+09 1.61 £ 0.08 3.2/2 20%
PKS 2331-240 1.22 + 0.04 28.0/3 0.9 £0.07 3.6£03 1.57 £0.12 39/2 7.2%
PKS 0402-362 2 1.13 £ 0.02 316.3/7 0.65 £ 0.07 31+05 1.37 + 0.05 20.9/5 0.1%
PKS 0405-12 1.64 £0.17 1.3/1 - - - - -
PKS 0426-380 1.43 4+ 0.06 15.9/6 0.7 04 2.0+0.6 1.52 4 0.06 7.7/4 23%
PKS 0521-36 1.21 4+ 0.02 38.1/5 1.11 + 0.03 41+07 1.32 + 0.03 5.6/3 5.6%
PKS 0528+134 1.90 £ 0.15 45/3 - - - - -
PKS 0537-286 20+04 05/1 - - - - -
PKS 0537-441 1.33 £0.02 44.7/7 1.10 £ 0.08 41+08 1.43 £0.03 9.2/5 1.9%
PKS 0723-008 1.17 4+ 0.04 91.7/5 0.85 + 0.06 3.7+ 0.6 1.48 + 0.06 34/3 0.7%
B2 0552+39A 2.0+0.1 7.1/3 25+03 19+05 1.78 +0.10 1.2/1 41.3%
B2 2023+33 1.28 £0.12 13.8/3 1.37 £ 0.15 74+08 —-02+0.8 6.03/2 25%
B1921-293 143 £0.10 509.7/6 1.32 +0.01 49+03 1.72 £0.03 79/4 0.02%
FBQS J1159+2914 3 1.17 £ 0.06 13.4/6 1.24 +0.19 unconstr. 1.15 4+ 0.08 13.1/5 74%
I Zw 171 1.27 £0.16 0.03/0 - - - - -
Mrk 501 1.57 £0.10 2.6/2 - - - - -
Mrk 1501 1.34 + 0.07 8.6/5 04+08 1.6 £04 1.47 + 0.09 42/4 11%
NGC 7213 —1.67 £ 0.15 0.59/0 - - - - -
PG 12224216 1.17 £ 0.08 35.2/3 0.28 +0.22 24406 1.62 +0.12 1.3/1 19%
QSO B0309+411 1.0+£02 39/1 0.5+ 0.6 6.0 £ 2.0 12403 0.23/0 15.6%
QSO B2013+370 1.51 +£0.20 0.51/1 - - - - -

If the null-hypothesis probability is less than 50% we consider the alternative model
(i.e., broken power-law one) as the best-fit one. Otherwise, P,,;; > 50% means that the
single power-law fit is adequate and the broken power-law fit is excessively and statistically
indistinguishable from the power-law one.

In case when the double broken power-law model was applied ( AGN 3C 273, PKS
0402-362 and FBQS J1159+2914) we have calculated for it two “null-hypothesis” proba-
bilities; one for the single power-law null hypothesis and the second one considering the
broken power-law model as a null-hypothesis.

There are the comments 1, 2 and 3 to the Table:

1. bkn2po Tq; = 0.96 £ 0.01, Eyy = 3.8*107% eV, I'1; = 1.76 & 0.02, Ejp = 1072 eV and
I, =1.88 £ 0.05; X%/d.o.f. = 4.2/4; with Py, = 3% of the bknpo model relatively to
bkn2po one and Pyy,,;; < 1074% relatively to the power-law one;

2. bkn2po T1; = 0.7 £ 0.1, By = 2.5 £ 0.3*107* eV, I'1; = 1.13 & 0.08, Ejp = 6.0 £
0.6*10~% eV, I'1, =145+ 0.05and xz/d.o.f. = 9.2/3; with Pyy,;; = 15% of the bknpo model
relatively to bkn2po one and Py,,;; = 0.1% relatively to the power-law one;

3. bkn2poT1; =04 + 0.5, Ey =1.9 £ 0.1*10 % eV, ' ; =3.4 + 0.8, Ejp =23 £ 0.2*10 4
eV, Iy, =1.13 £ 0.07 and x?/d.of. =7.9/4; with Py,,;; = 18% of the bknpo model relatively
to bkn2po one and Py,;; = 34.7% relatively to the power-law one.

Appendix B. X-ray Spectral Models
The Swift/ XRT+BAT spectra were fitted using the two models:

*  Simple power-law with neutral hydrogen absorption pow*tbabs, with the fitting pa-
rameters: photon index I'; and absorbing column density Ny;

*  Broken power-law with neutral hydrogen absorption bknpo*tbabs, with the fitting pa-
rameters: two photon indices I'; ; and I'; ,, break energy Ej, and the neutral absorbing
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column density Np. The lower fitting values for Ny were set to the Galactic absorption
values for particular object shown in the Tables 1-3. In the Table A2 we show the
absorption excesses relatively to those values.

The results of our fitting are shown in the Table A2. To estimate the statistical signifi-
cance of our models, we have performed the same as for the Planck spectra, namely we
suppose that the simplest model of two, i.e., the single power-law is the null-hypothesis.
Using the Fisher test we have calculated the null-hypothesis probability Py, for every
object of our sample; these probabilities are shown in the last column of the Table A2. We
have determined the best-fit model in the same way as we did for the Planck spectra.

Table A2. The model parameters for the Swift spectra.

Object Power-Law Broken Power-Law
Parameter -> I3 Np * xPld.o.f. T3, Ep ** T3 Nj xXPld.o.f. Pnun
2[22_4395]8 144007 <100 74/56 08+£03  18+03  149+0.11 <100 68/54 10%
[HB 89] 141 + 0.03 744 841/702  140+0.02 71£21 1964011 744 838/700 100%
2230+114
PMN 1.63 £0.11 <4 85.7/63 - - - - - -
J0623-6436
3C 273 1.65 £ 0.01 3+2 1279/829  1524+003  25+03 1.7240.01 342 1087/827  <0.01%
3C 279 1.59 + 0.01 2+1 1165/829  1494+005 25+03  1.67+£0.03 241 1087/827  <0.01%
3C 309.1 1.48 4+ 0.07 <6 54.2/65 - - - - - -
3C 345 1.64 £ 0.04 <2 258/270 1974022  12+£02  1.64 4004 <2 251/268 2.5%
3C 380 189 £0.06  90+10 711/691 167 +£017  23+£09 21403 60 £ 10 702/689 2%
3C 4543 1.63 £ 0.03 <4 281/270 1924020 12+£03  1.6240.03 <4 272/268 2%
4C +31.63 162+£006  80+60 118//110 - - - - - -
4C 432,14 1.54 £ 0.03 <20 121/112 147 £0.07 25+ 4 18+£03 <20 114/110 3.8%
4C +49.22 1.78 + 0.02 <10 219/144  168+005 54+28 184+ 004 <10 202/142 0.3%
4C +50.11 1.660.07 <110 76.1/86 - - - - - -
4C +71.078 149 + 0.01 39 +4 957/498  133+003 67+18 1734007 <42 602/496  <0.01%
4C +73.18 1.76 £+ 0.05 <5 92.4/90 - - - - - -
8C 18494670  1.57 +0.03 <50 621/42 1724010 63+£53  149+0.11 <50 54.2/40 6.6%
S5 0212+735 1.41 £+ 0.08 170 + 100 85.5/73 - - - - - -
PKS 0312-770 1.81 +0.03 <20 862/561 2.154+0.08 27403 1.41 + 0.09 <20 659/559 <0.01%
PKS1127-14  159+£005  85+16 140/111  149+006 184+99  27+16 85+ 16 113/109  <0.01%
PKS 1143-696  1.72 + 0.06 <7 64.3/68 25414 unc. 1.79 £ 0.14 <7 62.8/66 41%
PKS1329-049  1.38 = 0.08 <55 343/32 133 +0.09 unc. unc. <40 32.0/30 35%
PKS1335-127 147 £0.02 <2 759/619 1424002 64+£07 21403 <2 646/617  <0.01%
PKS 1510-08 1.32+0.02 <5 666/579  131+0.02 107+£65 139 +0.05 <5 661/577 8.8%
PKS 162229  1.44 +0.02 <2 748/619  139+0.03  7.1+09 191704 <2 659/617  <0.01%
PKS 183021 133 £0.02 <2 769.6/619  140+003  53+07  121+0.05 <2 689/617  <0.01%
PKS 2005489  1.54 = 0.02 19+4 993/619 1424002 71406 24403 6+1 654/617  <0.01%
PKS 2008-159 1.42 £+ 0.02 <3 745/695 1.40 £+ 0.02 6.4 +09 2.0f8j§ <3 730/693 <0.01%
PKS 2052-47 139 & 0.02 25+ 4 751/695  1.38 + 0.02 11+4 22702 25+ 4 737/693 0.2%
PKS 2145406  1.39 & 0.02 <6 744/695  128+£0.06 20205 1434 0.04 <6 730/693  <0.01%
PKS 2149306 1.35 + 0.01 9+7 370/255 1224003 13.6+£43 161 +0.13 9+7 285/253  <0.01%
PKS 2227088  1.46 £ 0.08 <14 431/37 133 £1.50 <85 1.69 £ 0.32 <14 40.2/35 29.6%
PKS 2331240  1.73 £ 0.03 14+5 384/293 164 +004 7.6+22 24403 14+5 298/291  <0.01%
PKS 0402-362  1.64£004 34410 205/168  158+£0.04 95+93 20405 24 +10 187/166  <0.01%
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Table A2. Cont.

Object Power-Law Broken Power-Law
Parameter -> I3 Np * x2ld.o.f. T3, Ep ** T3 Ni xX2ld.o.f. Pnun
PKS 0405-12 25+01 <40 94.4/38 179 £0.15 21+4 27+03 <40 542/36  <0.01%
PKS 0426380  1.43 +0.05 <31 93/40 166 +007 41+19  135+0.07 <31 61.8/38 0.03%
PKS 052136 1.70 £ 0.02 <9 434/318 158 +£0.03 48+18  1.86+0.06 <9 357/316  <0.01%
PKS 05284134 153 £0.06 430 + 90 171/146 093 & 0.28 15709 149 £ 007 340 + 40 168/144 28%
PKS 0537286 129 £001 15+ 14 124/86 120006 109+52 136+004 15+14 107/84 0.2%
PKS 0537-441  1.66 + 0.02 <5 306/292 20+02 09+£02  168+003 <3 297/290 1.3%
PKS 0723-008 1.62 £+ 0.05 <3 79.6/90 - - - - - -
B2 0552+39A 1.45 4+ 0.11 26 + 17 20.1/20 - - - - - -
5507164714 222 +0.15 20+5 1731/848  2.61£0.09 124+005 217 +0.02 20+£5 1343/846  <0.01%
551039481 1.55 + 0.07 <12 505/29  125+035 27+18  165+012 <12 44.4/27 17.6%
S5 18034784 1.52 +0.04 <5 123/131 - - - - - -
B1921-293 1.82 +0.10 <4 53.6/73 - - - - - -
B2 2023+33 146 +0.17 <250 8.7/9 - - - - - -
FBQS 1.54 % 0.04 <13 218/206  153+£004 4779 >1.6 <11 214/204  15.1%
J1159+2914
I Zw 171 1.81 + 0.05 <7 146/136 21+10 unc. 1.82 + 0.09 <7 144/134 40%
Mrk 501 2.10 + 0.01 <1 652/457  204+001 56 +25 27+05 <1 642/455 7.2%
Mrk 1501 1.63 + 0.03 <6 172/128  1.62+004  74+69  291+0.16 <6 169/126 33%
NGC 7213 1.69 £+ 0.03 14 £13 72.2/94 - - - - - _
PG 12224216 141 +0.03 <11 739/277  216+017  11+01 143 +0.03 <11 285/275  <0.01%
PMN 15+ 08 <95 72/5 . - i . . .
J0525-2338
PMN 132+£007 <300 30.3/23 >1.0 09+02  130+006  20+10 19/21 0.7%
J1508-4953
QsO 1.79 £ 0.04 <60 158.9/128  27+06 12401  1.80+0.07 <60 1514/126  4.8%
B0309+411
QsO 157 +£008  56+25 75.3/54 1.6+02 22 418 22408 59 4 25 65.3/52 2.5%
B2013+370

* 10 ecm~2; ** keV.

Notes

https:/ /swift.gsfc.nasa.gov /results /bs105mon/ Accessed on 10 June 2020.
2 https:/ /simbad.u-strasbg.fr/simbad/ Accessed on 10 June 2020.

https:/ /www.isdc.unige.ch/heavens Accessed on 12 June 2020.

4 https:/ /www.swift.ac.uk/ Accessed on 12 June 2020.

https:/ /swift.gsfc.nasa.gov/results/bs105mon/ Accessed on 10 June 2020.
https:/ /heasarc.gsfc.nasa.gov/lheasoft/ Accessed on 15 July 2020.
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