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Recent detection of very-high-energy neutrino emission from Seyfert type active galactic nuclei (AGN)
provides a new insight into the physics of the AGN central engines. We notice that if high-energy protons
responsible for neutrino emission are accelerated close to the surface of the accretion disk, the neutrino flux
may have no unambiguously identifiable electromagnetic counterpart. This is because the electromagnetic
power released in interactions of high-energy protons would only contribute to the heating of the disk
surface and corona above the disk, rather than escape from the source. Given that the heat deposited in the
corona is released in the hard x-ray range we notice that there still might be an “indirect” electromagnetic
counterpart of the neutrino signal: the hard x-ray flux variability may be strongly or weakly correlated with
the neutrino flux variations, depending on the importance of the high-energy proton heating in the disk/
corona heat balance. If heating by high-energy protons provides a sizable contribution to the overall corona
heating rate, the overall flux of diffuse GeV neutrino background from Seyfert galaxies may be comparable
to the x-ray background flux and the high-energy tail of this background can provide a sizable contribution
to the astrophysical neutrino flux in the TeV band.

DOI: 10.1103/4vwj-zwm9

I. INTRODUCTION

Evidence for neutrino signal from Seyfert galaxies [1–4]
has revealed an unexpected aspect of high-energy activity
of this otherwise “high-energy quiet” class of active
galactic nuclei (AGN). Neutrinos observed by IceCube
telescope can be produced in interactions of high-energy
protons and atomic nuclei with either low-energy protons
or photons. In both cases, the neutrino production is
accompanied by emission of other high-energy particles,
including γ-ray s, electrons, and positrons with the overall
power output in the electromagnetic channel comparable to
the neutrino power [5–8].
γ-rays produced in decays of neutral pions have spectral

characteristics similar to those of neutrinos. If the γ-rays
were able to freely escape from the source, their flux and
spectrum would serve as a good proxy for the neutrino flux
and spectrum. This is not the case for the individual Seyfert
galaxies detectable by IceCube. The γ-ray luminosity of the

sources is much below their neutrino luminosity in the
energy band of the neutrino signal [9–11]. This suggests
that the electromagnetic power is reprocessed by an
electromagnetic cascade inside a compact source close to
the black hole powering the AGN. Models of such cascade
suggest that the “nonthermal” electromagnetic power out-
put in the 1–10 MeVenergy range scales with the neutrino
power output. Such a correlation may have escaped
detection up to now, because of the absence of (sensitive
enough) telescopes in this energy range [5–7].
Multimessenger data are consistent with the possibility

that the neutrino luminosity of Seyfert galaxies correlates
with the hard x-ray luminosity, once corrected for the
attenuation of the hard x-ray flux due to Compton scatter-
ing [2,3]. Seyfert galaxies that show evidence for a neutrino
signal are the sources with the highest intrinsic hard
x-ray flux. The hard x-ray emission from Seyfert galaxies
is produced by the corona heated to temperature
Tc ∼ 102 keV, much higher than the temperature in the
innermost part of the accretion disk (Td ≲ 102 eV) [12–15].
The details of the mechanism that maintains high temper-
ature in the AGN corona are not completely known.
Uncertainties of the location of the heat source are
responsible for large variety of models of geometry of
the hot corona (“slab,” “lamppost,” “patchy,” and “out-
flowing” geometries are considered) [16–18]. It is
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conventionally assumed that, similar to the solar corona, a
possible source of energy for the heating of the AGN
corona is dissipation of the energy of the turbulent
magnetic field at the surface of the black hole accretion
disk [19,20]. The same mechanism should also lead to the
acceleration of particles, via reconnection [21] and turbu-
lence [22]. Particle acceleration with subsequent dissipa-
tion of the energy of the accelerated particles may actually
be part of the heating process.
In what follows, we explore this possibility. In this

scenario, the neutrino and hard x-ray luminosities are
correlated because the energy source of corona heating
is the same as that of particle acceleration, and that heating
via particle acceleration may provide a sizable contribution
to the overall corona heating rate.

II. NEUTRINO EMISSION FROM THE SURFACE
OF AGN ACCRETION DISK

High-energy neutrinos can be produced in interactions of
high-energy protons (and atomic nuclei) with either low-
energy protons or with photons. Both mechanisms should
be active in the vicinity of the supermassive black hole
powering an AGN. The black hole accretion disk provides
a relatively dense medium, with particle density [23]
np;d ∼ 1016::1018 cm−3 for the black holes of moderate
mass MBH ≲ 108M⊙.
The accretion disk spectrum is conventionally modeled

as a multitemperature black body with the temperature
scaling with the distance from the black hole. Close to the
black hole, the black body spectrum peaks in the ultra-
violet range (temperatures Td ∼ 30 eV, photon energies
Eph;d ∼ 3T ∼ 100 eV) [24], with the photon density reach-
ing
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4πR2
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≃ 1017
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at the distances close to the innermost stable circular
orbit, which can reach Rd ¼ 3RSchw for a nonrotating
black hole with the Schwarzschild radius RSchw ≃ 3 ×
1012½M=107M⊙� cm and can be as small as Rd ¼
0.5RSchw for a maximally rotating black hole.
Motions of plasma in the disk lead to the generation of a

magnetic field. The strength of magnetic field with energy
density in equipartition with kinetic energy density of the
disk matter can reach
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Even if the magnetic field energy density is subdominant
compared to the plasma energy density inside the disk, it
can be dominating at its surface at the base of the corona,
where the density is much lower. In fact, dissipation of the
magnetic field energy through reconnection and turbulence
is commonly assumed to be the source of heating of the
corona [20].
Magnetic reconnection and turbulence are also generi-

cally expected to lead to particle acceleration. The shape of
the high-energy proton spectrum resulting from such
acceleration strongly depends on the properties of mag-
netized turbulence, but in general this shape is broadly
consistent with the one that can be inferred from the
neutrino data; see e.g. [22]. The accelerated particles move
along tangled magnetic field lines, mostly anchored in the
disk. This means that most of the high-energy particles
finally reenter the disk. Such particles dissipate their energy
in interactions with disk matter and radiation fields.
Protons with energies lower than the pion production

threshold Ethr;pp ≃ 0.2 GeV mostly suffer from nonradia-
tive Coulomb energy loss [25], with the energy loss
distance scale much shorter than the scale height of the
accretion disk (Hd ≲ Rd). Higher-energy protons lose
energy mostly through pion production reaction on the
distance scale

λpp ¼ 1

κσppnp;d
≃ 109

�
np;d

1017 cm−3

�
−1

cm; ð3Þ

which is still much shorter than the disk size scales
(σpp ≃ 3 × 10−26 cm2 is the pion production cross section,
κ ∼ 0.5 is the inelasticity of collisions). In such a situation,
the disk works as an efficient “beam dump” for the
accelerated protons. The production and decay of charged
pions result in efficient neutrino emission from the disk.
An alternative neutrino production channel is via inter-

actions of high-energy protons with energies above a
threshold Ethr;pγ ≃ 1015½Eph;d=102 eV�−1 eV with the pho-
ton background in the disk. The cross section of pion
production in pγ interactions is lower than that of the pp
interactions. Even if the density of protons and soft photons
in the disk is comparable, it is the pp interaction channel
that is responsible for most of the neutrino production.
Still one more interaction channel for high-energy

protons is electron-positron pair production in interaction
with both matter and radiation in the disk. Compared to the
photo-pion production, this process has a lower energy
threshold, E0

thr;pγ ≃ 5 × 1012½Eph;d=102 eV�−1 eV and
larger cross section, σ0pγ ≳ 10−26 cm2, but smaller inelas-
ticity. At equal densities of the disk matter and photon
fields, it is still the pion production in proton-proton
interactions that dominates the energy-loss rate. Pair
production in interactions with low-energy protons is
always a subdominant energy loss channel.
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If the spectrum of high-energy protons is a powerlaw, the
spectrum of neutrinos from proton-proton interactions is
also a powerlaw with the slope close to that of the parent
proton spectrum. IceCube measurements of the neutrino
spectrum directly provide information on the spectrum of
protons accelerated in the AGN core in the TeV-PeVenergy
range, but not at lower energies down to the threshold of
pion production in proton-proton interactions (in sub-GeV
energy range). There is currently no neutrino telescope
sensitive enough in this energy to detect a neutrino signal
from cosmic sources on top of an overwhelmingly stronger
atmospheric neutrino background. This means that the total
power of neutrino emission from Seyfert galaxies is
currently not known.

III. HEATING OF THE DISK SURFACE AND BASE
OF CORONA BY HIGH-ENERGY PROTONS

Apart from neutrinos, pion decays also produce γ-ray s,
electrons, and positrons, collectively forming an “electro-
magnetic” pion decay channel. The total energy injected
into the electromagnetic channel is comparable to that in
the neutrino channel. The highest energy electrons lose
energy mostly through inverse Compton scattering and
synchrotron emission. The synchrotron energy loss cooling
distance is (given the energy-loss rate expression from
Chapter 8 of [26])

λs ≃ 6 × 108
�

Bd

104 G

�
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�
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108 eV

�
−1

cm ð4Þ

where Ee is the electron energy, while the inverse Compton
cooling time in the Thomson regime is (Chapter 9 of [26])

λIC ≃ 3 × 108
�
Eph;dnph;d
1019eV=cm3

�
−1
�

Ee

108 eV

�
−1

cm: ð5Þ

Both synchrotron and inverse Compton cooling distances
are much shorter than the size of the system, which means
that electrons release their energy right in the surface layer
of the disk, while cooling down to at least 100 MeV
energy range.
Lower energy electrons are predominantly cooled by

Bremsstrahlung and Coulomb losses that operate on dis-
tance scales (Chapters 5 and 6 of [26])
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and
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Synchrotron, inverse Compton, and Bremsstrahlung
losses support the development of electromagnetic cascade,

because they result in production of photons that in their
turn also interact. Similar to protons and electrons, the
propagation distance of photons in the disk is much shorter
than the disk dimensions. Photons with energies higher
than Ethr;γγ ≃ 10½Eph;d=102 eV�−1 GeV are absorbed in
pair production on the UV radiation from the disk. The
mean free path with respect to this process is (Chapter 9
of [26])
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(where σγγ ≃ 10−25 cm2 is the pair production cross sec-
tion). Photons with energies above the pair production
threshold Ethr;pγ ≃ 1 MeV also produce electron-positron
pairs in the Coulomb field of atomic nuclei. The cross
section of this process grows logarithmically with photon
energy in the range σBH ∼ 10−27…10−26 cm2, so that the
mean free path of the Eγ > 1 MeV photons is limited to

λBH ¼ 1

σBHnd
≃ 109…1010

�
nd

1017 cm−3

�
−1

cm; ð9Þ

weakly depending on the photon energy. Lower energy
photons Eγ ≲ 1 MeV are Compton scattered on a still
shorter distance scale, because of the larger cross section of
the Compton scattering:

λC ¼ 1

σTnd
≃ 107

�
nd

1017 cm−3

�
−1

cm: ð10Þ

Overall, the distance scales of all reactions involving
electrons and photons (electromagnetic particles) of all
energies are much shorter than the geometrical dimensions
of the disk, and all the electromagnetic power is ultimately
transformed into heat.
Heating of the surface of the accretion disk by particle

showers initiated by high-energy protons is part of the
overall process of heating due to dissipation of the energy of
the magnetic field that is thought to be responsible for
maintaining the temperature of the hot corona above the
accretion disk. It is not clear a priori, what the fraction ϵp of
magnetic energy initially transferred to the accelerated
protons is, compared to other channels of magnetic energy
dissipation. It is also not clear a priori, which fraction ϵc of
the heat absorbed in the surface layer of the disk is trans-
ferred to the corona. If ϵp is large, ϵp ≲ 1, a non-negligible
part of the magnetic field energy may be transferred to the
high-energy protons and then to neutrinos and electromag-
netic cascades in nearly equal amounts (ϵν ∼ ϵem ∼ ϵp=2).
The heat fraction ϵc deposited in the corona and ultimately
dissipated via hard x-ray emission from electrons upscatter-
ing photons from the accretion disk (Comptonization
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process) can in principle be ϵc ∼ ϵp ∼ ϵν. Such a possibility
is considered in Fig. 1, showing the spectral energy
distributions of NGC 1068 and NGC 4151. The red data
points and a red horizontal band show the levels of observed
and intrinsic hard x-ray fluxes of the sources. The neutrino
flux, assumed to originate from the parent cut-off powerlaw
proton distribution, is normalized in such away that the total
neutrino luminosity is equal to the hard x-ray source
luminosity (ϵν ∼ ϵc). The high-energy proton spectrum
has a slope Γp ¼ 2.4 and a high-energy cutoff at the proton

energies Ep;cut ¼ 500 TeV (for NGC 4151) or 50 TeV (for
NGC1068). One can see that such spectral models provide a
reasonable fit to the neutrino data and do not violate any
observational constraints. Alternatively, assuming a lower
ratio of the energy fractions ϵp ∼ 0.1ϵc, a harder neutrino
spectrum with Γ ¼ 2 can fit the data, with high-
energy cutoffs Ep;cut ¼ 300 TeV for the NGC 4151 fit
and Ep;cut ¼ 70 TeV for the NGC 1068 fit.
The spectral models shown in Fig. 1 have neutrino

spectral properties similar to those of previously discussed
models of coronal neutrino emission; see e.g. Refs. [31,32].
However, contrary to the model calculations of the previous
references, we assume that the electromagnetic cascade
initiated by proton interactions in the corona does not
“break out” of the source and hence it does not have any
clearly observable and identifiable features, like the emis-
sion in the 100 MeV range potentially detectable by Fermi/
LAT [31,32], or MeV band emission detectable on top of
the Comptonized hot corona flux with next-generation soft
γ-ray instruments like COSI [33] or e-ASTROGAM [34].
Instead, the electromagnetic cascade only contributes
to the heating of the corona and its energy is ultimately
released as part of the conventional hot corona hard x-ray
emission.

IV. CORRELATED NEUTRINO-HARD-X-RAY
VARIABILITY?

Thehard x-ray emission fromSeyfert galaxies is known to
be violently variable [28]. This variability is naturally
expected in the scenario of the corona heating by dissipation
of magnetic field energy of the accretion disk. Similarly to
the solar corona, this process is driven by instabilities on
different scales, and the largest scale instabilities, providing
rare but powerful energy releases, appear as flares.
Following the logic of the previous section, one should
also expect that the hard x-ray flaring activity in Seyfert
galaxies should be accompanied by variations of the
neutrino flux. The hard x-ray flux is expected to strongly
correlatewith the (sub-)GeVband neutrino flux, wheremost
of the neutrino power is released. A more subtle relation
between the hard x-ray and TeV-PeV neutrino flux may be
expected because of possible variations of the slope and cut-
off energy of the neutrino spectrum.
To search for possible variability of neutrino flux, we

used the PSLab data analysis package1 that allows one to
perform a time-dependent unbinned-likelihood analysis
[35] of a publicly available IceCube ten-year exposure
dataset [36]. This is enabled via inclusion of the predefined
time dependence of the probability density function for
neutrino events, in the form of a Gaussian centered at a time
moment T0 and of variable width ΔT. We perform a

FIG. 1. Spectral energy distributions of NGC 4151 (top panel)
and NGC 1068 (bottom panel). Blue butterflies are the all-flavor
neutrino spectrum measured by IceCube [3], green butterflies are
the γ-ray spectra measured by Fermi/LAT ([27] for NGC 1068).
Red hard x-ray data are from INTEGRAL/ISGRI ([28] for NGC
4151, [27] for NGC 1068). Gray points show x-ray data from
NASA Extragalactic Database [29]. Solid lines show model
spectra of neutrino emission from interactions of high-energy
protons calculated using AAfrag package [30]. The neutrino
spectra are normalized in such a way that the total power of
the neutrino emission is a fixed fraction of the total power of the
hot corona, ϵν ¼ 0.1ϵc (black) and ϵν ¼ ϵc (gray). Dashed lines
show a template spectrum of emission from hot corona (a cut-off
powerlaw with the slope Γ ¼ 1.9 and high-energy cut off
at Ecut ¼ 300 keV).

1https://github.com/icecube/PSLab_PS_analysis.
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time-dependent analysis for the set of three sources selected
in [2]: NGC 1068, NGC 4151, and NGC 3079.
Figure 2 shows a comparison of the 15–195 keV band

SWIFT/BAT light curve of NGC 4151 from the 157-month
SWIFT/BAT survey2 with the output of the PSLab analysis.
There is a variability of the hard x-ray flux by a factor of up
to 3 on the monthly timescale for NGC 4151, which is one
of the brightest AGN on the sky in the hard x-ray band.
Averaging the flux to two-year-long time bins highlights
multiyear flux variations that are potentially detectable with
neutrino telescope(s). During IceCube observations, the
highest source flux was observed in the two-year time
interval around 2012.
The time-dependent analysis of NGC 4151 with PSLab

yields the best-fit time of the enhanced source flux period

centered on T0 ¼ 55849� 194 with the width ΔT ¼ 485
containing ns ¼ 29� 10 counts with the test statistic
TS ¼ 18.26. Assuming Wilks’s theorem, this corresponds
to the local significance at the level of ∼3.2σ, consistent
with the results reported in Refs. [1–3]. Inclusion of the
Gaussian time profile in the likelihood analysis allows us to
localize the time interval which provides larger contribution
to the signal significance. Remarkably, this time interval
corresponds to the higher hard x-ray flux from the source,
as can be seen from the top panel of Fig. 2.
The PSLab analysis for NGC 1068 provides the best-fit

localization of the most significant signal accumulation
period T0 ¼ 56281� 68 with width ΔT ¼ 208 and ns ¼
23� 8 at the level of TS ¼ 13.46, consistent with the results
of Ref. [38]. The detection significance is lower than that
reported in Refs. [1–3], because the best-fit position of the
source is slightly displaced from the direction toward NGC
1068. Performing the analysis for the best-fit position from
Ref. [2], one finds T0 ¼ 57028� 983 andΔT ¼ 1920with
the test statistics value TS ¼ 27.66, consistent with the
results of Refs. [1–3]. The bottom panel of Fig. 2 shows a
comparison of the results of the IceCube analysis with the
SWIFT/BAT light curve ofNGC1068. The source is heavily
absorbed in the hard x-ray band, so the detection signifi-
cance is much lower, compared to NGC 4151, and monthly
variability is not detectable. Variability on the two-year
timescale is marginally observable, with a possible flux
enhancement in 2012. Also in this case, the PSLab analysis
indicates a localization of the period with a more important
contribution to the signal-to-noise ratio around this period
(for the analysis at the catalog NGC 1068 position) or later
(for the analysis at the best-fit source position).
NGC 3079 is also heavily absorbed in the hard x-ray band

and its intrinsic variability is not detectablewith SWIFT/BAT
neither on monthly nor on yearly timescales. PSLab analysis
for this source also finds the width of the activity period ΔT
saturating the hard upper bound imposed in the analysis.
In spite of the hints of faster accumulation of neutrino

signal-to-noise ratio during the periods of higher hard x-ray
flux, it is clear that the limited sensitivity of IceCube is
insufficient for the detection of neutrino flux variations. A
larger neutrino telescope is needed for clarification of the
presence or absence of the neutrino-hard-x-ray correlated
variability. Next generation neutrino telescopes with order
of 10 times the volume of IceCube will be capable to detect
on average ∼100 events per year from the Seyfert galaxy
with neutrino flux comparable to NGC4151 or NGC1068,
which could allow detecting the ∼30% variability on a
yearly scale, observable in x-ray, with 95% confidence.

V. CONTRIBUTION OF SEYFERT GALAXIES TO
THE ASTROPHYSICAL NEUTRINO

BACKGROUND

Hard x-ray emission from hot coronae of Seyfert
galaxies is known to be the dominant source of the hard

FIG. 2. Red data points show SWIFT/BAT (15–195 keV) from
157-month catalog [37], compared to localization of the IceCube
signal in the time-dependent analysis with PSLab for NGC 4151
(top) and NGC 1068 (bottom), shown by curves. In the bottom
panel, the blue lower curve corresponds to the analysis at the
catalog source position, and the upper curve is for the best-fit
neutrino source position.

2https://swift.gsfc.nasa.gov/results/bs157mon/.
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x-ray background. A possible common origin of corona
heating and proton acceleration through dissipation of the
magnetic energy of the disk suggests a relation between the
overall levels of the x-ray (EhXFhX) and neutrino (EνFν)
background energy fluxes, EνFν ∼ ðϵν=ϵcÞEXFX. The neu-
trino flux is mostly concentrated in the GeV energy range,
just above the energy threshold of the pion production
reaction. Thus, the GeV neutrino background flux can be as
high as ∼10−7ðϵν=ϵcÞ erg/(cm2 s sr) in this band
(see Fig. 3).
The estimate of the level of neutrino background from

Seyfert galaxies in the multi-TeV band is rather uncertain
because of uncertainty of the spectral parameters for
individual sources and of the distribution of these param-
eters across the population of Seyfert galaxies. For exam-
ple, the fits to the neutrino spectra of NGC 4151 and NGC
1068 for the case ϵν ∼ ϵc shown in Fig. 1 have the same
slope of the proton spectrum, Γ ¼ 2.4, but different cut-off
energies (500 TeV and 50 TeV). The distribution of cut-off
energies of the proton spectra for different Seyfert galaxies
is not known, and hence no reliable calculation of the
predicted neutrino background from Seyfert galaxy pop-
ulation is possible.
Nevertheless, a rough estimate of the contribution of

Seyfert galaxies to the astrophysical neutrino flux can be
done assuming that the NGC1068 and NGC 4151 neutrino
spectra are representative of the entire population and can
be used as a template for the calculation of the overall flux
from Seyfert galaxies. Assuming that the neutrino and hard
x-ray luminosities of individual sources are related as

Lν ∼ ðϵν=ϵcÞLhX, the calculation of the diffuse neutrino
flux from Seyfert galaxies becomes identical to the calcu-
lation of the diffuse x-ray background produced by these
sources [42–44]. The x-ray data constrain the redshift
evolution of the number density of Seyfert galaxies with
given x-ray (and hence, neutrino) luminosity,

dΦðLν; zÞ
d logðLνÞdV

∼
ϵν
ϵc

dΦðLhX; zÞ
d logðLhXÞdV

: ð11Þ

Repeating the calculation of the x-ray background of
Ref. [43] for the neutrino case results in the diffuse neutrino
background estimate shown in Fig. 3.
The gray shaded range in this figure includes a range of

possible choices for the “typical” high-energy cutoff of the
neutrino spectra (between 50 TeV inferred from the model
of NGC 1068 and 500 TeV found in the model of NGC
4151). This can be considered as a systematic uncertainty
of our modeling. A similar uncertainty is also present in the
slope of the neutrino spectrum (not shown in the figure). A
qualitative conclusion that can be drawn from the figure is
that it is possible that Seyfert galaxies provide an order of 1
contribution to the astrophysical neutrino flux at 10 TeV
[3,45,46]. It is difficult to move beyond this qualitative
conclusion because of very large systematic uncertainties
of the model parameters. The neutrino energy output
fraction ϵν is uncertain by at least an order of magnitude,
and Ep;cut spread across the Seyfert galaxy population is
not constrained at all. The same is true for the spectral slope
Γp for which the uncertainties of estimates for each source
are correlated with the uncertainties of the estimates of
Ep;cut, and it is also not possible to estimate the spread of
the neutrino spectral slopes across the Seyfert galaxy
population because of the small size of the detected source
sample. Further Seyfert galaxy detections with currently
under-construction and future neutrino telescopes (includ-
ing KM3NeT [47], IceCube Gen 2 [48], P-ONE [49], and
HUNT [50]) are needed for better characterization of
neutrino emission from Seyfert galaxy population and
reduction of systematic uncertainties of model parameters.
The overview of the future telescopes’ capabilities are
reviewed in e.g. [51].

VI. CONCLUSIONS

We have shown that the existing electromagnetic and
neutrino data are consistent with a model of the nonthermal
activity of the AGN central engine, in which high-energy
proton acceleration via turbulence and reconnection of
magnetic field in the surface layer of the AGN accretion
disk leads to both neutrino emission and heating of the disk
surface and corona above it. In such a model, the hard x-ray
and neutrino luminosity of Seyfert galaxies are naturally
related. The hard x-ray brightest sources are expected to be
the strongest neutrino emitters, and hard x-ray flux varia-
tions of individual sources are expected to be accompanied

FIG. 3. Spectra of diffuse photon [39,40] and neutrino [41]
backgrounds measured by a range of telescopes (specified in the
legend). Gray shading shows possible contribution from Seyfert
galaxies, calculated using either NGC 4151 or NGC 1068
template spectrum for the individual Seyfert galaxy source
spectrum and ϵν between 0.1ϵc and ϵc. Thereby, it includes a
(generally unknown) range of characteristic fluxes, high-energy
cutoffs, but not power-law indices, derived from these two Seyfert
galaxies.
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by variations of the neutrino flux. We have attempted a
search for such correlated variations. Although a combina-
tion of IceCube and SWIFT/BAT data is consistent with a
possibility of the correlated hard x-ray and neutrino activity,
the sensitivity of IceCube is not sufficient for localization of
the time periods of enhanced neutrino flux. The model of
common origin of the neutrino and hard x-ray emission also
suggests that the cosmic neutrino background produced by
Seyfert galaxies may be strongest in the GeV band and its
high-energy tail can provide a sizable contribution to the
astrophysical neutrino flux in multi-TeV range.
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