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ABSTRACT. In this paper, we determine the causes
of correlations between the observed logarithmic lu-
minosity logL of galaxies with active nuclei (AGN)
with particular attention to BL Lac type objects. The
properties of flux variations of these galaxies in y-rays
(logL.) and in optics (logLo) are associated with the
combined action of cosmic rays (CR), and also with
hard radiation around the entire perimeter of AGN.
The necessity of using positron spectroscopy in such
objects is found. The importance of high-precision
measurements of 1.022 MeV line arising from the anni-
hilation of positrons with K-electrons of multielectron
atoms in the interstellar medium of disk component
of the studied galaxies is emphasized. The relation-
ship between the single-photon positron annihilation
and the Doppler line broadening of the same atoms
in optics is investigated in AGN. We found that indi-
rect evidence of the presence of a sufficient number of
positrons and their annihilation are the cascade chan-
nels observed in the form of A-resonance. According
to the available data from the AGN’s catalogs the cal-
ibration of their luminosity in other spectral regions is
proposed.

AHOTAIIA. ¥V paniif poOoTi BW3HA4YeHI NPUYUHH
KOpeJIsin MiX KaTaJIOXHUMHU JaHUMH 3a
jgorapudmivyHo0  cBiTHiCTEO — LoglL ramaktuk 3
akTuBHUMH siapaMu (AGN). OcoOmmBy yBary mpuaiigeHo
ragaktukam Tty BL  Lac.  OcoGmuBocTi  3MiHH
CBITHOCTe} IHX ranakTuk B Y- (logl,) Ta onrumi (loglo)
OyJu TOB'sI3aHi 3 HASBHICTIO KOMOIHOBAHOT JIii KOCMIYHUX
mpomeHiB (KIT) Ta »KOpCTKUX BUIPOMIHIOBAaHb 110 BCHOMY
nepumerpy AGN, iX KIIBKICHUM XapaKTepUCTHKAM.
OOrpyHTOBAaHO MOXKJIMBICTh BHKOPHCTAaHHS IO3UTPOHHOT
cnekTpockomii B Takmx  oO'ekrax.  [ligkpecneHo
BaXXJIUBICTh BHCOKOTOYHHX BUMipIOBaHb TiHil 1.022MeV,

o0 BHHMKAE TiA dYac aHIrusmii MO3UTPOHIB 3
K-enextponamu 0araToeNeKTPOHHUX aTOMIB
MDK30pSIHOTO ~ CepelloBHINA  JUCKOBOi  CKJIaJ0BOI

JOCHIKYBAaHUX TajakTuK. CIUparoduch Ha IOMNepesHi
poOOTH aBTOPIB, MPOJOBKECHO TOCTIIKCHHS 3B'I3KY MiXK
0JTHO(OTOHHOIO AHITUIAIIE0 MO3UTPOHIB Ta
JOTDICPOBCKUM PO3MIMPCHHSAM JIiHIM IUX K€ aTOMiB B
ontui B AGN. Iloka3aHo, MmO HEHNPSIMHUM JOKa30M
HasBHOCTI JOCTAaTHROi KUIBKOCTI TO3WUTPOHIB Ta iX
aHITUIAII] € KaHau KackajiB y BUTIAAI A-pe3oHaHcy. 3a
HassBHUMHM JTaHUMH 3 KaTajoris juri AGN 3anponoHoBaHe
KaJiOpyBaHHS iX CBITHOCTI B 1HIIMX OOJACTSIX CIIEKTpA.

Key words: active galactic nuclei, cosmic rays,
inter stellar medium.

1. Introduction

The shells of supernovae and the active nuclei of
galaxies exibit a significant field of hard radiation. The
production of high-energy quanta and particles inside
the young supernova shells is based on the intense ra-
dioactive decay of unstable isotopes with protons ex-
cess. Such a process is accompanied by the formation of
positrons and y-quanta. This is usual for S-processes.
In the active nuclei of galaxies the charged high-energy
particles are formed. Their movement along the mag-
netic power tubes ensures their delivery to the vast pe-
ripheral regions of AGN, providing them the sufficient
energy to form their optically bright regions. The sizes
of these regions can be as big as several kiloparsec in
some galaxies.

Here after we are going to consider the relationship
between the intensity of hard radiation and the optical
luminosity produced by active nuclei of galaxies. Quite
often, this luminosity noticeably exceeds the total lu-
minosity of all stars in this galaxy. The calculations of
the transport of various charged particles in the plane
and halo of these galaxies (Moskalenko & Strong, 1998)
and the associated processes of photo-ionization bal-
ance (Osterbrock & Ferland, 2005) allowed the quali-
tative estimates of the sources of excitation of optical
transitions of atoms and molecules both for the plane
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and for the halo of these galaxies. According to the
results presented by Osterbrock & Ferland (2005) and
Osterbrock (1989) the above mentioned mechanisms
are not sufficient to produce the observed optical lumi-
nosities.

In this work, on the basis of taking into account the
atomic photoelectric effect, previously obtained stan-
dard values of the source function of such media S(E)
and the electron energy distribution f(E) (Doikov et
al., 2018) we analyzed the reasons of excitation of the
electronic structure of atoms and molecules. Basing on
the results obtained by Doikov (2019) for scattering by
dust particles with sizes of 10—20 nm it was concluded
that the diffuse nature of interstellar dust scattering
is an additional factor to increase the AGN’s optical
luminosity. The combined effect of ionization losses
in gas-dust aggregates, over the entire AGN volume
and, as a result, the formation of a radiation field with
source function S(F), is caused by the formation of
cascade electron’s transitions to the K-level. This phe-
nomenon leads to the fact that the contribution to the
excitation of optical transitions of the radiation field
and of Auger electrons becomes comparable both in
the absolute values of energy and also in its intensity.

After each event of a K-vacancy formation caused
by an atomic photoelectric effect, several Auger elec-
trons are thrown out by each of the atoms and each of
them excitates, in particular, the optical transitions.
In this case, the energy transfer coefficient of hard ra-
diation is maximal. Thus, the determination of optical
luminosity requires the information on the relationship
between the total kinetic energy of hard radiation and
particles and the total energy emitted in the optical
range. Here after we are trying to solve this problem
in several main steps.

In Section 2, the selection of objects from Fermi
satellite catalogs — the so-called standard AGNs — is
carried out. In this paper, attention is paid to the
observed properties of BL Lac type of AGN. The hard
radiation fluxes from such objects are slightly distorted
by the inverse Compton effect and can be used to esti-
mate the optical luminosity.

Section 3 uses the results of previous section to find
the induced radiation field S(F) and the Auger electron
distribution function f(FE).

In Section 4 we estimate the optical luminosity of
AGN and the spectroscopic properties of gas-dust con-
glomerates associated with the presence of hard radia-
tion, especially in their peripheral regions.

In Conclusion section the general spectroscopic crite-
ria for observations of important spectral lines of light
elements in AGN are proposed.

The Discussion section compares the proposed
methods for studying the AGN optical spectra and
their relationship with the y-spectra.

2. The relationship between the AGN lumi-
nosity in hard and optical ranges

Numerous satellite and ground-based observations of
galaxies with AGN have made possible the creation of
catalogs where the energy fluxes in the gamma, x-ray,
and optical ranges are collected. In particular, it is pos-
sible to investigate the correlations of the energy fluxes
observed in B filter, with those at 1 keV and 1 GeV.
It is important because the indicated energies are in
the spectral ranges where the main energy is released
in AGN center (1 GeV) and further transformed in the
AGN’s outer regions (1 keV and B-filter). The pres-
ence of synchrotron radiation energy in the indicated
intervals is confirmed by the strong polarization and
the additive structure of obseved flux.

Synchrotron radiation polarization measurements
relate exclusively to the AGN’s central part. The sen-
sitivity of these observations is limited by the near-
central regions of AGN, in which the density of gas and
dust is much higher than in the outer regions. Due to
the randomness of the structure of gas-dust conglom-
erates, the depolarization of radiation proceeds rather
quickly at scales of several parsec within the galactic
disks. Thus, the catalog data used for integrated flows
at the indicated spectral intervals can be considered to
be nonpolarized without the loss of generality.

The second important parameter is the observed
galaxies absolute luminosity at the indicated energies.
The fact is that in order to determine the redistribution
of energy between y-quanta, protons, a-particles and
the lepton component, it is necessary to solve the rel-
ativistic kinetic equation using the observed values of
energy fluxes and the cross sections of reaction between
the mentioned particles and quanta. The variable pa-
rameters in this case are the total energy flux and the
flux of y-quanta. Both these fluxes are determined by
satellite observations.

A complete catalog of objects with the morphology
of interest to us is several hundred. The homogeneous
selection of BL Lac type objects is dozens of galax-
ies. It is sufficient for statistical sampling. To achieve
the thermolization of a fully ionized hydrogen-helium
plasma in the incident substance, in order to be able to
fix the observed y-quanta energies, the extremely high
values of the substance density and temperature are
necessary. These high values are unacceptable for the
stable functioning of accretion disks around massive
formations in the AGN’s center.

One of the possible mechanisms to accelerate the
charged particles is their acceleration due to the large
difference of the electric field potentials (Blandford,
1977). An essential feature of this scenario is the pos-
sibility of the formation of a spark discharge with the
emerging current of electrons and positrons parallel to
the electric field. One electron (or positron) acceler-
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ated by this potential difference is capable of achieving
high enough energy to form ~-radiation due to the so-
called photon comptonization.

These photons, initially emitted tangentially to the
electric field lines, can, after passing through the gap
of the central part of the accretion disk, collide with
a significant perpendicular component of the magnetic
field and create an electron-positron pair. The pair
should be accelerated and it can be the first step of
cascade.

The physical system presumably adjusts its param-
eters to find sufficient number of charged particles for
current creation. The next step can be the transforma-
tion of this current to jet. The existence of sufficiently
intense cross-sectional electric and magnetic fields and
the resulting acceleration mechanisms allows us to con-
clude that high-energy y-quanta are formed in jets af-
ter the acceleration of mainly protons, a-particles, and
the lepton component. The use of relativistic kinetic
equation at this stage allows the calculation of collision
cross sections as it was proposed by Dermer (1986) and
Gould (1982).

The overview of existing observations shows that
AGNs flux has a significant, dense and energetically
important part in y-rays with 1 GeV energies. Given
the density of particles and quanta at the base of the
jets, it should be expected that the inverse Compton
effect is the main mechanism to transfer the energy of
accelerated particles to quanta.

It means that the energy of particles is lost mainly
due to the inverse Compton effect and inhibitory losses,
while the energy of y-quanta in this case increases un-
limitedly (Gould, 1975). Let us limit our consideration
by the jet base only. In this case the maximum energy
of charged particles accelerated flow is in the region of
several GeV. At these energies, we have a discontinu-
ity in the spectral distribution of the marked type of
galaxies due to A-resonance. The probability of col-
lisions of leptons with y-quanta is significantly higher
than for collisions with protons and a-particles.

Nevertheless, it is important to determine the coef-
ficient of energy transfer from leptons to low-energy
~y-quanta and protons. Assuming that upon transition
from the inner, thermolysed part of the accretion disk
to the jet, the protons and leptons have an upper limit
of kinetic energy no more than a few MeV (with a pos-
sible scattering of the order of megavolts).

Let us consider the collision cross sections for reac-
tions between the accelerated leptons and the y-quanta
(inverse Compton effect) as well as between the accel-
erated leptons and the protons (taking into account
the bremsstruhlung loss). The second type of declela-
ration is attributed to the lepton-hadron model of the
interaction of protons and a-particles with relativistic
lepton.

Both types of interactions are well known in cosmic
ray physics and are well studied experimentally. As-

suming that in a jet the maximun of electrons energy
distribution shifts toward higher energies with the in-
creasing distance from the center, we determine the
effect of the lepton current on the energy characterit-
ics of protons and quanta. The collision of a high-
energy lepton with a photon inside the jet is given by
the Klein-Nishina formula. For the kinetic energy of
the electron E = ymc? and the photon energy hv ac-
cording to (Lang, 1974) we have:
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In the energy range of interest to us, the frequency
of the radiation vy emitted as a result of the in-
verse Compton effect is represented by the relation
vy = ymc?/h. The parameter q is represented by the
relation: ¢ = vhv/(mc?). or = 6.65- 10~2°cm? is the
Thomson scattering cross section.

The presence of relativistic electrons and a magnetic
field at the jet’s base leads to the synchrotron self-
compton effect and results in a rapid energy increase
of the v-quants of the field from 6 MeV to 1 GeV.
Such an effect leads to the fact that the energies of rel-
ativistic electrons and quanta are equalized. As early
as the 1950s, the rathe rhigh accuracy experiments on
the scattering of fast electrons by nucleons, and the
elastic character of interactions for energies less than
2-3 GeV was noticed.

Therefore, the fraction of the energy transferred from
the fast electron to the proton is determined by the dif-
ferential cross section do/d€Qys of the Mott scattering,
multiplied by a function that depends on the charge
distribution inside the proton - F(q) (called the form
factor) and the spins of the interacting particles.

di — do [ 2 do _ Z264CO‘92 (g) (2)
dQ — dQy A 4E2sin® (2)

In the interval of the energies under consideration, in-
stead of the scattering angle 6, the Breit scattering
angle - fp is used according to the formula:

In high-energy physics, the quantity —¢? has the di-
mension (GeV)2. In the present problem —¢? <
3(GeV)2. And the ¢ value itself can be interpreted as
the transmitted momentum. The value of the trans-
mitted impulse, expressed in terms of the value of the
incident impulse py in the Rosenblatt formula, is ex-
pressed by the ratio:

_ 2posin (g) 4
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The various mechanisms of protons and a-particles ac-
celeration that occur in the AGN’s central part provide
such an acceleration of cosmic rays that their energy is
sufficient to be detected by modern satellites. During
the quiet phase intervals the AGN center should pro-
duce a CR luminosity of the order of 10** —10%¢ erg/s.

This energy is redistributed between the lepton and
hadron components. For the occurrence of spallation
reactions in the peripheral regions of AGN, a signifi-
cant part of hadrons with energies of 3 or more GeV
is necessary. The relative contents of a-particles and
protons in the AGN’s center are proportional to the
average ratio of helium to hydrogen. If all particles
start from energies of several MeV and accelerate to
2-3 GeV, then during the motion from AGN through
the galactic halo due to pair collisions with relativistic
electrons, the momentum represented by formula (4) is
transmitted to protons and a-particles.

After the transition from accretion disk to jet, the
electrons become relativistic. But it is necessary to
point that the momentum transfer coefficient of the
protons and a-particles acceleration by relativistic lep-
tons is small. Each proton should experience a mini-
mum of three thousand collisions with such electrons
on the scales of the order of 1 kpc. Let us estimate
the reality of such a process analyzing the properties
of observed jets in AGNs of BL Lac type objects.

The scattering of electrons by protons at low energies
is Coulomb, purely elastic. For the first estimates, we
take into account that the characteristic interaction ra-
dius is comparable with the De-Broglie wavelength Ap.
Then the minimum impact angle at which the scatter-
ing occurs is 0,,;, = 2/Apr?. Then the differential
scattering cross section takes the form:

2 4
o (v) = 22

2 2
== [
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Collision frequency v = Nvo (v). Here v is the speed of
the relativistic electron relative to the proton, IV is the
concentration of protons. The actual number of atoms
in a single magnetic tube with a length L of 1 kpc is
NL = 10%! — 10%6 particles/cm?. During the move-
ment along such tubes, the number of collisions of rel-
ativistic electrons with the proton component reaches
108 —10'3 events, which is enough to accelerate protons
and a-particles to GeV.

Then we can say that the particle drift along the
magnetic force tubes occurs in such a way that the
energy distribution function of the leptons is shifted
toward several MeV, and the maximum of the pro-
ton and a-particle energy distribution — towards GeV.
Upon reaching the galactic disk, all protons with en-
ergies above 3-5 GeV begin to participate in inelastic
scattering by hydrogen atoms, causing, among other
things also the A-resonance, according to the scheme

with well known cross sections:
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(6)

It should be noted here that positrons are formed with
a 50% probability (end of the first series of cascades),
25% end of the second series of cascades. And, finally,
with 25% neutral pions - 7° are created (Doikov et al.,
2019a; Gusev et al. 2000). y-quanta from such decays
have an energy of 67.5 GeV. By varying the thickness
of the galactic disk and the density of gas-dust con-
glomerates, we conclude that all protons, even with
the cascades cross sections of 10726 ¢m?2, participate
in the A-resonance with hydrogen atoms of the inter-
stellar medium in galactic disk with AGN.

The given observational results show one of the
reasons for the correlation between luminosity in the
v- and optical spectral ranges. In other words,
logL.,/logLy, ~ const. The final products of such trans-
formations, namely —e™, e~ and the v-quanta with en-
ergy of 67.5 MeV are mixed with fast electrons drifting
along the magnetic tubes.

Cascade transitions to K-vacancies in atoms (includ-
ing the atoms in molecules) caused by ionization losses
in the atoms of the galactic disk cause the luminos-
ity of AGN’s peripheral regions. In addition to quanta
formed by cascade transitions, Auger electrons are in-
jected into the medium, carrying away half the en-
ergy stored in the K-vacancy. For media with a given
chemical composition, in the previous work, the energy
distribution functions of Auger electrons — F(E) and
the source function S(F) were obtained (Doikov et al.,
2018).

It follows from the calculations that half of the en-
ergy of K-vacancies is emitted by atoms in the form of
soft X-ray and hard UV radiation, and the rest is car-
ried away by Auger electrons, which excite the upper
atomic and molecular shells.

These mechanisms are responsible for the lumines-
cence of both central and peripheral regions of AGN.
The conversion efficiency to high-energy radiation from
high-energy protons and a-particles is 1%. The effi-
ciency reaches 40% for secondary and primary electrons
and positrons,.

The correlation between the measured fluxes at 1
GeV energies and optical radiation, taken from the BL
Lac type AGN catalog data (Fan et al., (2016) and
given in Table 1, shows a stable, directly proportional
correlation. An analysis of the spectroscopic properties
of gas-dust conglomerates taking place in a medium
penetrated by these cosmic rays was carried out by
Doikov et al. (2018; 2019a,b). The comparability of X-
ray fluxes from the AGN center and its periphery was
found. It was not expected as the mentioned fluxes are
the result of independent physical mechanisms.
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Leptons, unlike hadrons in a jet, in the energy in-
terval under consideration lose additional energy on
synchrotron bremsstrahlung radiation (Gould, 1975).
In this case, the observed results of y-quanta flux mea-
surements can be used to make preliminary estimate
of the charged particles flux at the jet base, and also
the X-ray (at 1 KeV) and optical (B-filter) fluxes. It
allows estimation the spectroscopic response due to the
energy transport to the AGN’s peripheral regions.

Table 1 shows the observed data for AGN type BL
Lac objects and our calculations for these objects. The
first seven columns are taken from Fan et al. (2016).
These are the designation, the redshift, the type, and
the logatithms of fluxes in four spectral regions, namely
in radio, optical, x-ray, and ~-ray. The last four
columns are the results of our calculations and will be
explained in more details in Section 4 of this paper.

The total number of BL Lac type galaxies exceeds six
hundred objects. Consider, for example, the luminosity
of the second galaxy in Table 1, namely J0008.0+4713.
Logarithm of the total luminosity expressed in erg/sec
is logL, = 44.87. Assuming that this luminosity is
caused mainly by protons, a-particles, and leptons, we
can estimate the energy and fluxes of these particles
(H) at the jet base using the following formula:

H = L,/ hv, ~6.25-10°% particles/sec.

As the average size (R) of AGN is 400 parsec, the value
of peripheral flux can be written as:

H, = H / (4pR?) ~ 1.5-10% particles/cm? - sec.

Thus, we have the upper boundary of the proton flux
(not confirmed by observations). It is more realistic to
use the mechanisms that occur in jets as a result of tak-
ing into account collisions of leptons (e~ and e™) with
protons and a-particles proposed by Dermer (1986).

From the point of view of the relativistic kinetic the-
ory, only the inner part of the accretion disk can be
considered to be the optically thin relativistic proton
plasma. In the remaining disk parts, the medium is a
two-component, proton — electron plasma. Under such
conditions, only the quanta with energies of not more
than several MeV can be formed. It is the contribution
to 1 keV flux.

Bremsstrahlung manifests itself at the energies not
exceeding tens of MeV (Gould, 1975). The formation
of non-nuclear y-quanta with several GeV energies re-
quires the presence of strongly accelerated particles in
the AGN’s center, mamely at the jet base, the suffi-
ciently high probability of collision of accelerated par-
ticles with lower-energy quanta, and also the significant
magnetic field gradients.

The recent AGN observations from the Pamella and
Fermi satellites found the quanta and particles of su-
perhigh (TeV) energies. It was shown that such an en-
ergy increase is possible only due to the inverse Comp-
ton effect between high-energy particles and quanta.

Note that the ratio of the concentration of photons,
electrons and protons in the central region of AGN
should differ from the concentration of protons and
electrons by at least eight orders of magnitude.

Note that the choice of objects in Table 1 and the
determination of the quantitative parameters of cosmic
ray fluxes are required by the need of sufficiently strong
magnetic fields and the intense fluxes in optics and -
bands of the spectrum.

The motion of cosmic rays with relativistic energies
in local magnetic fields leads to the appearance of
synchrotron radio emission. Therefore, we will be
limited to galaxies of the LB and IB type in the
classification considered by Fan et al. (2016). For LB
type of BL Lac objects we have the maximum spectral
distribution for the frequencies logr, < 14, and for IB
type — in the interval 14 < logy, < 15.

3. Induced continuous emissions (theory)

Thus, in the the BL Lac type galaxies with AGN we
have a two-component plasma at the jet base. The first
component are relativistic electrons with energy reach-
ing several GeV and the second are non-relativistic pro-
tons and a-particles with energies of the order of sev-
eral MeV. Considering this physical system, we can as-
sume that both components are in different equilibrium
states. The acceleration of protons and a-particles
(with energies of several MeV) by relativistic electrons
(several GeV energies) is associated with momentum
transfer from relativistic electrons minus losses due to
synchrotron, bremsstrahlung, backward Compton scat-
tering and ionization losses.

In the interval of logarithms of Lorentz factors —1 <
logy < 3 related to the physical system under con-
sideration, the cross sections for ionization losses are
prevailing at the jet base where logy = 1. Here the
electrons also achieve relativistic velocities. Then, in
a halo of a BL Lac galaxy type galaxy with AGN, in-
side the corresponding magnetic tube, we can note the
comparable values of cross sections for bremsstrahlung
radiation losses due to the collision of relativistic elec-
trons with protons and a-particles and the cross sec-
tions describing synchrotron radiation inside magnetic
tubes.

Within the framework of a given physical system,
protons and a-particles can be considered to be practi-
cally motionless. Then the rate of energy exchange be-
tween fast electrons and protons or a-particles is (Der-
mer, 1986; Gould, 1982):

due _dupy,JZ B _47re4 ™)
dat a ¢
Np,a A7kT, T, —Tpa
2 ] — [ kit
Mp’a < n Wp’a + ( VE)) Te
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Table 1: BL Lac type objects: observed fluxes and relative remaining part fluxes calculated for 1 kpc distance.
Z

Object Type Observed fluxes Calculated fluxes for 1 kpc distance
Lr Lo L, L, E(tH) E(THe) E(7aq) E(7y)
1 KeV 1 GeV
1 2 3 4 5 6 7 8 9 10 11
J0001.2-0748 1B 42.36 45.39 45.23 0.55 0.55 0.98 0.55
J0008.04+4713 | 0.280 1B 41.18 45.54 43.51 44.87 0.19 0.19 0.62 0.19
J0008.6-2340 0.147 1B 40.38 44.97 43.72 43.08 0 0 0 0
J0009.140630 LB 42.43 45.04 45.14 0.46 0.46 0.89 0.46
J0013.2-3954 LB 42.74 44.42 45.21 0.53 0.53 0.96 0.53
J0013.9-1853 0.095 1B 39.90 43.72 42.88 0 0 0 0
J0014.0-5025 HB 45.38 44.64 0.70 0.70 1.13 0.70
J0018.44-2947 | 0.100 HB 40.00 43.54 42.84 0.0 0.0 0 0
J0018.9-8152 HB 45.37 45.16 0.69 0.69 1.12 0.69
J0019.44-2021 LB 43.04 44.42 44.91 0.23 0.23 0.66 0.23
J0021.6-2553 LB 41.88 45.06 45.14 0.46 0.46 0.89 0.46
J0022.1-1855 1B 41.39 45.60 44.56 45.13 0 0 0.31 0
0022.1-5141 HB 45.51 45.14 0.83 0.83 1.26 0.83
J0022.54-0608 LB 42.57 44.64 45.68 0.99 0.99 1.43 0.99

where wp, o are the plasma frequencies of protons and
a-particles. The corresponding relaxation time will be:

du,

= u./ e (®)

The acceleration time of protons and a-particles is
three orders of magnitude longer than the character-
istic times of electron-electron collisions. Therefore,
there are always high-energy electrons in a jet capable
to transmit the momentum to protons and a-particles.
Thus, having the collision frequency of relativistic elec-
trons with slow protons and a-particles, we can obtain
the value of the transferred energy:

Te.p(Te,a)

2
2 2
—‘ﬁf ~ BN 72 (T:;CQ) E-ln(y) W > wg
2
dE, . 16 n7. 72> [ €2 1.4 _he
de ™ ?NZZ he (ch) E'ln(Zl/Q 271'62) w < ws

(9)
Substituting in the first equation of the system Z = 1,
N; = 1 em™3 and the tabular data of the constants,
we obtain the simple relation comfortable for further
calculations:

dE

—— =10.305-10"%°E -

I n(y)
For small values of the Lorentz factor ~-electrons can
still be considered as non-relativistic (£ < 6 MeV),
and the momentum transfer can occur mainly due to
collisions. Then:

(10)

e = 4nNZS n[(Emt) - (2)7)
2 2
~0.393- 10727 il (T2t ) - (2)%] Jfem

(11)
Formulas (10) and (11) allow us to draw the following
conclusions:

1. Elastic collisions of relativistic electrons with pro-
tons and a-particles lead to the energy losses due to
bremsstrahlung and to the transfer of a part of the
pulse (not more than 0.01% per collision) to accelerate
these particles. The cross sections for such scattering
do not exceed the thomson value o,..

2. The collisions of nonrelativistic electrons with
protons and a-particles occur in such a way that energy
losses due to collisions exceed radiation losses. Formula
(10) gives the correct result for the loss of electron en-
ergy up to the values of several MeV. The accelerations
of protons and a-particles are the most effective in this
case. As the electron energies increase, the transfer of
mechanical energy to protons and a-particles becomes
less efficient.

3. For acceleration of protons and a-particles to the
energies of the order of 2-3 GeV at least 10® collisions
with fast electrons are required.

4. The optical luminosity of AGN

In this section, we determine the optical luminos-
ity of AGN from the observed data, namely using the
columns with L, and L, in Table 1. The study of cos-
mic rays formed in the centers of galaxies woth various
morphologies using the PAMELA satellite led to the
conclusion that AGN form the particle flows with en-
ergies comparable to those generated by 7-ray fluxes.
Take, for example, galaxy J0001.2-0748 of type IB with
a luminosity near L, = 10%*° erg/sec at a quantum en-
ergy of 1 GeV. This value of luminosity and the pres-
ence of magnetic fields with intensities from hundreds
gauss in the AGN’s center to 10~* gauss in the periph-
ery of the magnetic tubes the particles with energies
up to several GeV will be held .

Taking the average size of the AGN’s luminous
disk of the order of 0.4-1 kpc, we obtain an area of
1.44 - 10*2 e¢m?2. For the indicated values of L., the
number of particles and quanta with an energy of 1
GeV is 10*® charged particles and quanta. The total
luminosity of the center of our Galaxy is six orders of
magnitude lower, providing on average 1 particle per
1 em?. Therefore, for galaxy J0001.2-0748, the up-
per limit of the surface flux of protons, a-particles and
electrons of the order of 10* particles/cm? can be con-
sidered to be acceptable.
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Let us try to find the energy distribution of these
particles. The electrons have energies no higher than a
few MeV. Protons and a-particles — no higner than 2-3
GeV. The fractional parts of electrons and protons are
equal; the part of a-particles are 10 times lower than
that of protons. The thickness of the galactic disk in
the region of AGN is 200-300 parsecs, which gives a
thickness of absorbing media for these particles equal
to 102! cm. The number of collisions of high-energy
protons and a-particles within the specified disk thick-
ness is: N = N;NyoaL ~ 1 —6 for protons and 0.1 -
0.6 for a-particles. That is, all protons and a-particles
entering the disk component experienced the transfor-
mations described by equation (6) corresponding to the
channels of the A-resonance transformation.

According to Gusev et al. (2000), the energy trans-
fer coefficient of the initial energy in the equation (6)
is 1%. It means that the final energy amount is of the
order of several tens of MeV. The main mechanism of
energy loss for leptons in (6) are the ionization loss, the
positron annihilation, and the decay of photo-pions, as
it is indicated in the third channel of (6). Ionization
losses at given initial energies are caused by the for-
mation of K-vacancies in all chemical elements or by
ionization of hydrogen and helium.

The efficiency of energy transfer for the final prod-
ucts of equation (6) into radiation is 10-30%, depend-
ing on the chemical element in which the K-vacancy
is formed. In hydrogen and helium the recombination,
which depends on the concentration of ions and ther-
mal electrons, plays a large role, but the cascades in-
stantly appear in the remaining elements, which con-
tribute to the excitation of optical transitions. Auger
electrons are formed simultaneously with cascades and
lead to the same effect.

Summing up the results of the previous work
(Doikov, 2019a,b) and the calculations in this article,
we can show the main results in Table 1, where the re-
minder of the fluxes at the distance of 1 kpc from the
center of galaxy with AGN are shown in columns from
8 to 11.

The columns 8 and 9 show relative part of flux re-
maining after the absorption by only the hydrogen and
only the helium. Column 10 takes into account the
absorption by dust component, namely the caron and
silicon dust. The last column is the part of the flux
remaining after the absorption by all components, tab-
ulated in columns 8-10. The zero values in coluns 8-11
indicate the full absorption of radiation at the distance
1 kpc from the center. Columns 8 and 9 are similar
because the results of multiplications the concentra-
tion and the cross sections for hydrogen and helium
are equal.

Let us note than hydrogen and helium absorption
manifests itself only in the optical component of AGN
spectrum. It produces the diffuse scattering of quanta,
and also the bremsstrahlung and ionizing radiation for

individual recombination lines.

It is necessary to comment on the results of the
AGN’s luminosity calculations taking into account the
presence of a dust component. In this case, columns
eight and nine take into account the cascade transitions
in elements such as Mg, Si, and O of the constituent
dust. According to Doikov (2019), even in the near
surface layers of dust, with a depth of 10-15 nm the
above atoms form cascade transitions, with the forma-
tion of X-ray quanta. The same atoms participate in
the circulation of matter of gas-dust complexes in the
form of molecules and free atoms.

Of particular interest for the interpretation of radi-
ation in x-rays are Mg and Si because their cascades
2p — 1s, 3d — 2p generate x-ray quanta after filling a
K-vacancy near 1 KeV. Small dust particles scatter x-
ray radiation with a wavelength close to 1-10 nm. The
probability of the formation of such quanta depends on
the chemical composition of the medium.

The same can be said about C, N, O elements. The
mentioned process of filling K-vacancies was studied by
Doikov et al. (2018). It was found the diffuse filling of
the peripheral regions of AGN with quanta of similar
origin in the range from 100 eV to 10 KeV. In this case,
the observation of x-ray flux at 1 KeV can characterize
the presence of such elements as Ne, Na, Mg. But their
low contents are of little use for such an analysis. The
exception is Mg. Note that all elements other elements
are at least six orders of magnitude less abundant.

Therefore the significant fluxes of quanta with an
energy of 1 KeV are created mainly by the central
part of AGN localized by the jet base, and the diffuse
component is formed by the entire volume of AGN.
Formed in the AGN’s peripheral parts UV and soft
X-rays are responsible for the formation of high-power
optical luminescence caused by secondary radiation
and Auger electrons. The cross sections for the
excitation of optical transitions under the influence
of a steady radiation field are at least five orders
of magnitude larger than the photo-cross sections
considered when K-vacancies are formed.

5. Discussion

The appearance of multichannel observations of
AGN luminosities in various spectral regions made it
possible to analyze the energy interaction of the AGN
center with its periphery. At the same time, it was con-
cluded that energy is transmitted in the form of cosmic
rays and hard radiation in the form of quanta. In par-
ticular, the importance of A-resonance is determined.

The coefficient of transformation of the initial en-
ergy of these sources into the optical radiation is de-
termined. It is correlated with the ~v-range luminos-
ity. One of the consequences of the interaction of high-
energy protons with hydrogen atoms of the interstellar
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medium is the formation of intense flux of secondary
positrons.

As a result, the annihilation of secondary positrons
with K-electrons gives rise to their single-photon an-
nihilation with a y-ray energy of 1.022 MeV and two-
photon annihilation with an energy of 0.511 MeV. The
intensity of the v-lines produced by the annihilation of
positrons is a unique diagnostic spectroscopic tool for
AGN’s studying (Doikov et al., 2019).

The most important are the determination of the
fluxes of protons and a-particles with energies of
2-3 GeV and to the measurement of the Doppler
broadening for optical lines of atoms involved in the
annihilation of positrons with K-electrons.

6. Conclusion

The increasing amount of observations of galaxies
with AGNs in various spectral ranges has expanded
the range of problems to be solved and the possibil-
ity of unifying them according to measured data. In
particular, the correlation between the energy fluxes
in the -, x-ray and optical spectral regions becomes
visible. Of particular interest is the correlation of the
logarithms of luminosity in the +- and optical parts of
the spectrum.

As our previous calculations showed, the forma-
tion of the AGN luminescence in the form of a -
spectrum is associated with physical processes near a
compact relativistic object, often interpreted as a mas-
sive black hole. Here, a powerful flux of cosmic rays is
formed simultaneously, mainly in the form of electrons,
positrons, protons and a-particles.

In the present work, it was shown that the reason of
the correlation between the L, and Lp luminosities
is the transport of cosmic rays kinetic energy along the
magnetic force tubes. These cosmic rays were formed
together with «-quanta and propagated to AGN’s pe-
ripheral regions.

Cosmic rays are limited in energy by the upper limit
of 3-5 GeV since at higher energies the cosmic rays
leave AGN unhindered.

We also estimated the percentage of cosmic rays en-
ergy converted into radiation as a result of ionization
losses and other types of interaction of cosmic rays
fluxes with gas-dust aggregates of the AGN periphery.

It amounts to about 0.5% - 0.1% depending on the
boundary conditions and the chemical composition of
gas-dust conglomerates. Given the remoteness and lim-
ited information on AGN, these types of correlations
allow us to estimate the expected intensity in the op-
tical spectrum from the measured luminosity in the
y-range.

The relativistic electrons formed at the jet’s base
quickly lose their kinetic energy in collisions with both
protons and a-particles and, when entering the periph-

eral region, are mixed with Auger electrons.

The heavy component of cosmic rays forms A-
resonance in collisions with hydrogen in gas-dust
conglomerates according to the schemes shown by the
equation (6). The final products of all three channels
of the indicated circuit efficiently transmit energy and
participate in the formation of the optical radiation
field.
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