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Abstract. We continue the RATAN-600 observations of instantaneous 1–22 GHz
spectra of active galactic nuclei at 5–7 frequencies in 1997–2024. The main task is
the analysis of the results including the CATS database for data beyond 1–22 GHz
and the Hedgehog model proposed by N. S. Kardashev in 1969. The new goal is to
study the physical parameters of jets in VLBI-blazars and search for compact bright
strong variable proton jets as possible sources of high-energy neutrinos in proton-
proton and proton-photon processes. Main results of estimating values for magnetic
fields, brightness temperatures and angular sizes of both proton and electron jets in
9 blasars are presented. This allows to explain the RadioAstron extra-high brightness
temperatures and magnetic fields as well as extremely compact cores in radio jets and
to link proton sources of high-energy neutrinos with some radio jets.
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1 Introduction

Analysis of extragalactic possible “radio-neutrino” sources leads to the preliminary
hypothesis that their main properties may be the following (Troitsky 2021; Kovalev
et al. 2022): 1) long-term wide-range variability of radio emission with strong (in-
cluding repeated) flow bursts up to 10–20 times in amplitude and quasiperiods up
to tens of years in the cm and mm ranges; 2) maximum brightnesses, close to the
RadioAstron extremely high, and minimum angular size, close to extremely small;
3) two parts of the proton energy distribution – with high energies Ep > 500 TeV
(in order to participate in the birth of neutrinos with energies Eν > 25 TeV) and
with Ep up to 1 TeV (in order to generate the jet radio emission). It was previously
shown that the radio emission from variable extragalactic objects can be described
by synchrotron radiation of electrons or protons in a strong quasi-radial magnetic
field of a relativistic jet in the Hedgehog model proposed by N. S. Kardashev in 1969
and developed later by a number of authors (Kovalev et al. 2000).

2 Observation, analysis and results

The report summarizes previous results and continues the model analysis of the
main physical parameters for quasars and galaxies – from their subsample with
the strongest long-term variability of radiation as measured by RATAN-600. For
B0235+16, a repetition of spectrum changes was discovered for the first time during
a strong burst in the range 1–22 GHz – after 22 years. The results of RATAN-600
measurements of instantaneous radio spectra at 1–22 GHz in 1997–2024 (Kovalev
et al. 2022), and the data outside this range from the CATS database (Verkhodanov
et al. 2005) were used. Using these data and the Hedgehog jet model, estimates of
the physical parameters for electron and proton jets were obtained – magnetic field,
brightness temperature, angular size (similar to Sotnikova et al. 2022). The results
of fits and estimations are shown in Fig. 1 and in Table 1 and do not contradict
VLBI/RadioAstron measurements (see Kovalev et al. 2020). For the sake of simplic-
ity, the red shift is still neglected and it is assumed that for all the objects under
consideration, the parameter γE = E/(M · c2) ∼ 300 at the frequency νm of the jet
spectrum maximum, where E is the energy and M is the mass of emitted electrons
or protons (see also Sotnikova et al. 2022). Protons for the radio emission and for
the production of neutrinos may be accreted from the disk and accelerated to the
required energy distribution (including the Faraday induction mechanism) in a re-
gion with a strong magnetic field in the vicinity of the SMBH or, in addition, could
be accelerated during bursts due to precessing binary black holes that occasionally
cross the accretion disk similar to Ivanov & Zhuravlev (2024).
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Fig. 1. Results of fitting the Hedgehog model (Kovalev et al. 2000) to the mean 0.01–500 GHz
spectra of observed flux density in Jy for 6 examples of 9 AGNs in Table 1. The sum of two spectral
model components have been fitted. The High Frequency Component (HFC, a curve spectrum of
the jet) is variable, it is emitted by the relativistic jet in the strong quasi-radial magnetic field. The
Low Frequency Component (LFC – a line spectrum) is practically non-variable and is emitted by
the other parts of the source. The 1–22 GHz data are the RATAN-600 data, in general. The data
at other frequencies and partly at 1–22 GHz were taken from the CATS data base (Verkhodanov
et al. 2005). Fitting for B0506+056 is shown for the instantaneous spectrum on the RATAN-600
data only; more data for it see in the paper by Baikal-GVD collaboration et al. (2024).
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Table 1. Results of the model fitting the magnetic field B, brightness temperature Tb and angular
size Θ of the jets near the maximum of the spectra. The equracy is of the order of the values.

Object Particles B Tb Θ References
Gauss K mas

+3C 84 electrons 9 5 · 1010 1
protons 2 · 104 9 · 1013 0.03

+B0506+056 electrons 6 5 · 1010 0.1
protons 1 · 104 9 · 1013 0.003

S5 0716+71 electrons 0.5 5 · 1010 1.5
protons 900 9 · 1013 0.03

+OJ287 electrons 5 5 · 1010 0.3
protons 8 · 103 9 · 1013 0.007

+3C279 electrons 15 5 · 1010 3
protons 3 · 104 9 · 1013 0.07

+B1502+10 electrons 7 5 · 1010 0.6 Sotnikova et al. (2022)
protons 1 · 104 9 · 1013 0.014

+J1616+04 electrons 0.15 5 · 1010 0.1
protons 300 9 · 1013 0.002

+3C 454.3 electrons 2 5 · 1010 4
protons 4 · 103 9 · 1013 0.08

+0954+658 electrons 20 5 · 1010 0.08 Vlasyuk et al. (2023)
protons 4 · 104 9 · 1013 0.002
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