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Abstract

Some catastrophic stellar explosions, such as supernovae (SNe), compact binary coalescences, and microtidal
disruption events, are believed to be embedded in the accretion disks of active galactic nuclei (AGNs). We show
high-energy neutrinos can be produced efficiently through pp interactions between shock-accelerated cosmic rays
and AGN disk materials shortly after the explosion ejecta shock breaks out of the disk. AGN stellar explosions are
ideal targets for joint neutrino and electromagnetic (EM) multimessenger observations. Future EM follow-up
observations of neutrino bursts can help us search for yet-discovered AGN stellar explosions. We suggest that
AGN stellar explosions could potentially be important astrophysical neutrino sources. The contribution from AGN
stellar explosions to the observed diffuse neutrino background depends on the uncertain local event rate densities
of these events in AGN disks. By considering thermonuclear SNe, core-collapse SNe, gamma-ray burst associated
SNe, kilonovae, and choked GRBs in AGN disks with known theoretical local event rate densities, we show that
these events may contribute to <10% of the observed diffuse neutrino background.

Unified Astronomy Thesaurus concepts: Cosmological neutrinos (338); High energy astrophysics (739); Active

galactic nuclei (16); Supernovae (1668)

1. Introduction

The accretion disks of active galactic nuclei (AGNs) are
believed to be the hosts for some massive stars and stellar
remnants including white dwarfs (WDs), neutron stars (NSs),
and black holes (BHs). One potential formation channel for
such AGN stars and stellar remnants is the capture from the
nuclear star clusters around the AGNs (e.g., Syer et al. 1991;
Artymowicz et al. 1993; Fabj et al. 2020). Furthermore, some
AGN stars can be formed in situ in the self-gravitating region
of the disk (e.g., Collin & Zahn 1999; Goodman 2003;
Goodman & Tan 2004; Wang et al. 2011, 2012; Dittmann &
Miller 2020). These AGN stars will end up with supernovae
(SNe) to pollute the disk with heavy elements, which can offer
a possible explanation for the observational features of high-
metallicity environment in AGN disks (e.g., Hamann &
Ferland 1999; Warner et al. 2003), and hence leave behind
some stellar remnants inside the disks. AGN disks provide a
natural environment for embedded stars and compact objects to
grow, to accrete materials, and to migrate within it (e.g.,
Bellovary et al. 2016; Cantiello et al. 2021; Dittmann et al.
2021; Jermyn et al. 2021; Kaaz et al. 2021; Kimura et al. 2021;
Peng & Chen 2021; Wang et al. 2021a; Pan & Yang 2021).
There could be abundant stars and compact objects gathering in
the inner part of the AGN disks, so that some stellar explosions
can frequently occur there.

Very recently, the field of stellar explosions in AGN
accretion disks exploded. The event rates and possible
observable signatures for several kinds of stellar explosions
occurring in AGN disks, such as SNe (Grishin et al. 2021;
Moranchel-Basurto et al. 2021; Zhu et al. 2021b), gamma-ray
bursts (GRBs; Cheng & Wang 1999; Perna et al. 2021a; Zhu
et al. 2021a, 2021c), NS mergers (McKernan et al. 2020; Zhu
et al. 2021c), binary BH (BBH) mergers (e.g., McKernan et al.
2012, 2019; Bartos et al. 2017; Yang et al. 2019, 2020; Graham
et al. 2020; Tagawa et al. 2020, 2021; Wang et al. 2021b),
Bondi explosions (Wang et al. 2021a), microtidal disruption

events (mTDEs; Yang et al. 2021), and accretion-induced
collapses of WDs (Zhu et al. 2021b) and NSs (Perna et al.
2021b), have been investigated in detail. Different from the
classical low-density environments in which these stellar
explosions occur, the AGN environment allows the ejecta
launched from AGN stellar explosions to interact with the
AGN gaseous disk to drive an energetic shock. Such a shock
can finally break out from the disk surface and power
observable luminous electromagnetic (EM) signals (Grishin
et al. 2021; Zhu et al. 2021b, 2021c¢). Neutrino emissions from
the interaction between SN ejecta and the dense circumstellar
medium have been studied intensively within the context of
type II SNe (SNe II, e.g., Waxman & Loeb 2001; Katz et al.
2011; Murase et al. 2011, 2019; Murase 2018b; Li 2019; Wang
et al. 2019). In principle, interaction of the ejecta from AGN
stellar explosions with the AGN disk atmosphere can produce
high-energy neutrino emission similar to those of SNe II. This
motivates us to take the first step to study these new potential
neutrino sources in this Letter.

2. Model
2.1. Disk Structure

The accretion disk model by Sirko & Goodman (2003) gives
a good description for the radial structure in the inner disk
region, up to <10’ rs, where rg = 2GM./ ¢? is the Schwarzs-
child radius of the central supermassive BH (SMBH), G is the
gravitational constant, M. is the SMBH mass, and c is speed of
hght The disk can be supported by the 0rb1tal energy of the gas
in the inner parts of the disk, i.e., r < 10%rg. The mldplane
radial density, always valid for the radial region of
10° < r/rs <10, can be expressed as
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where Q= (GM/r3)'/?2 and the Toomre parameter
O = QOmin ~ 1, which assumes that the disk is heated by the
release of orbital energy and auxiliary input energy due to the
feedback of star formation. Hereafter, the convention
P,.=P/10" is adopted in cgs units. At the same radial region,
the disk scale height compared to the radial size of the disk is

1/2
£%8x10‘3( : ) . )

r 10° rg

In the radial distance range of our interest, one can almost use
Equation (1) and (2) to calculate the midplane radial density
and disk scale, respectively.

We adopt a gas-dominated disk, and the vertical density
profile is given by a Gaussian density profile (e.g., Netzer 2013)

pa(r, h) = py(ryexp(—h*/2H?), A3)

where 4 is the vertical height to the midplane.

2.2. Shock Dynamics

For an AGN stellar explosion with energy E, and ejecta
mass M., a forward shock and a reverse shock are formed as
the ejecta crashes into the disk atmosphere. We only consider
the neutrino emission from the forward shock, since the
contribution of the reverse shock is usually much weaker
(Murase et al. 2011). The shock will finally break out from the
disk surface so that we focus on the vertical height & above the
midplane of the disk. By assuming that all events are midplane
explosions, the shock velocity can be described as (Matzner &
McKee 1999)

172 —
WW( Ey ) (pdw)) ’ @
M + M (h) Do

where 1~0.19 and M(h) ~ 47rf0h p(h)h2dh is the swept
mass. The kinetic luminosity of the shock at % is given by

Ly =2mpy vs3h2. %)

One can also calculate the time after an explosion when the
shock moves to a vertical height of &

b dh
t(h) ~ fo ons (6)

3. Neutrino Production

The shock before breaking out may be radiation-dominated
so that particle acceleration is prohibited (Waxman &
Loeb 2001; Katz et al. 2011; Murase et al. 2011). When
photons start to escape and hence the shock is expected to
become collisionless, particle acceleration and neutrino pro-
duction can occur. The shock breakout takes place when

c/vs(hpo) = 7(hpy) ~ J:oo kp(h)dh, where hy, is the break-

out vertical height and we adopt a constant electron scattering
opacity of solar composition, i.e., £ ~ 0.34 cm? g~ ', hereafter.
The breakout time can be expressed as f,, = #(f).

After the shock breakout, protons could be accelerated to
high energy via the Fermi acceleration mechanism with a
power-law energy spectrum, dn, /de, x €,9 with g~2
(Blandford & Fichler 1987; Malkov & Drury 2001). The
acceleration timescale is given by f,.c =7e,/eBc, where
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n ~ 20c%/3v? is for Bohm limit, e is the electron charge, and

B = \/4meg pd is the magnetic field strength in the shocked
AGN disk materlal with €5 =0.01 being the typical value for
the magnetic field energy fraction.

The maximum proton energy (¢,max) depends on the
comparison between the acceleration timescale and the cooling
timescales. A high-energy proton mainly loses its energy
through adiabatic loss and the inelastic hadronuclear reaction
(pp). When the maximum energy of the accelerated protons is
limited by the pp reaction, by equating
tace = typ & 1/[(ps/ M) Kppo,pcl, where Ps =4pq is the density
of the shocked d1sk matenal kpp =2 0.5 is the pp inelasticity,
and o, ~ 5 X 102 cm ™2 is the pp cross section (Particle Data
Group et al. 2004), we have the maximum energy

pp
€ p.max

~ 94 TeV py /2,
~ 9.4 x 103 TeV py /vl (7)

If the acceleration timescale of the proton is limited by the
adiabatic cooling timescale of the shock, i.e., faec = tag = I/ Vg,
one obtains

X A LT X 105 TeV /%) oy,
~ 1.7 x 103 TeV py/2 o lohia ®)

The efficiency of pp reaction can be estimated as (e.g.,
Razzaque et al. 2004; Murase 2008a)

Fop A taa Jlpp = 1.8 % 103 py g g,
~ 0.18 py 5% s )

Because the density of the disk atmosphere after shock
breakout is so large, it is expected that the pp reaction is
efficient.* Since the disk density then decreases rapidly and
hence the shock would accelerate due to the Sakurai law
(Sakurai 1960), the adiabatic loss may become more important
while the shock kinetic luminosity and the efficiency of the pp
reaction drops sharply. We adopt a type Ia SN (SN Ia) with
typical energy Eo=10""erg and ejecta mass Me=13M;
occurring at » = 10% rg around an SMBH of mass M. = 10" M.,
as the fiducial model hereafter. As an example, when the shock

breaks out, one can calculate the vertical height
oo ~4.2H ~ 1.0 x 10" cm, the density
Pro = Pd(hp) = 1.5 X 10! g ecm >, the shock velocity
Vbo = Vs(Mpo) = 1.1 X 10°cms™ ', and the breakout time

fhor2.2x 10°s.  The density would decrease from
Pd~ 107" gcnf3 at h=hy,~4.2H to pg~ 1071 gcm*3 at
h ~ 6H for our fiducial model. The shock kinetic luminosity
(the efficiency of pp reaction) would decay from
Lopo~ 107 ergs™" (f,, ~ 10°) to Ly~ 10" ergs™" (f,, ~0.1)
after At ~ 1.8H/vpo ~ 4 X 10*s of the shock breakout. A high-

4 We note that since the target photons from ejecta—disk material interactions
and the disk photons at the radial locations of our interested have energies of
E, <100 eV, the threshold proton energy for photomeson production reaction
(p'y) ) would be ~M My, C /E 2 1 PeV > €fF . when the shock breaks out of
the disk. This implies that py is not very relevant in our cases. Furthermore,
since the kinetic energy and breakout velocity of the shock driven by GRB-SNe
are relatively large, in some cases py interactions may dominate over pp
interactions. However, both interactions have similar neutrino production rates
so that the effect of different hadronic processes on our conclusions can be
ignored.
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Figure 1. Lightcurves of neutrino emission (orange solid line; at ¢, = 1 TeV)
and EM emission for an SN Ia occurring at r = 10® rg around an SMBH of
mass M. = 10" M_,. The gray dotted lines represent the timescale of the shock
breakout. The blue and green solid lines show the EM emission of the ejecta
due to its interaction with the AGN disk materials (Grishin et al. 2021) and SN
Ia emission powered by radioactive decay (Zhu et al. 2021b), respectively. For
comparison, we also show the neutrino lightcurve for a classical SN IIn
(Murase 2018b; orange dashed—dotted line).

energy proton would produce a pion by the pp reaction, then
the charged pion decays leading to neutrino production. One
can predict that the neutrino luminosity would have a sharp
decay similar to that of the pp reaction.

We calculate the neutrino luminosity (for the sum of all
flavors),

- 3K min(1 »fpp)gcrLs
4(1 + K) ln(fp,max/fp,min) '

10)

EV Ll/

where €, 0.05¢,, K =2 denotes the average ratio of charged
to neutral pion for the pp reaction, and €., ~ 0.1 is the energy
fraction carried by cosmic rays (Caprioli & Spitkovsky 2014).
We show the lightcurve of the neutrino emission at ¢, = 1 TeV
for our fiducial model in Figure 1. The duration of neutrino
emission for an AGN SN Ia is much shorter than that of a
classical SN IIn (Murase 2018b), because AGN disks have a
much sharper decaying density profile’ compared with that of
the circumstellar medium around SNe IIn (p o r~2). However,
the neutrino luminosity for an AGN SN Ia after the shock
breakout is significantly larger than that of a classical SN IIn so
that the difference for the amounts of their neutrino fluences
may not be too significant.

It is expected that AGN stellar explosions could be ideal
targets for future joint neutrino and EM multimessenger
observations. We show the EM emission of the ejecta due to
its interaction with the AGN disk materials and the SN Ia
emission powered by radioactive decay, respectively, in
Figure 1, as predicted by Grishin et al. (2021) and Zhu et al.
(2021b). The neutrino burst may occur shortly after the shock

5 There are existing disk winds (e.g., Proga et al. 2000; Proga &

Kallman 2004) and broad-line region (e.g., Moriya et al. 2017) clouds
surrounding the accretion disks. The presence of disk winds and gaseous
clouds would result in a relatively slower decaying density profile outside the
disk, which can enhance the neutrino luminosity.
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Figure 2. Energy fluences of all-flavor neutrinos from a single AGN SN Ia
event occurring at D = 10 Mpc. The colored lines (see labels for their
meanings) represent different models with varied SMBH masses and radial
locations. For comparison, the gray dashed line shows the neutrino spectra for a
classical SN IIn from Murase (2018b).

breakout, while the associated EM signals last in a much longer
timescale, even up to several hundred days. Taking advantage
of instantaneous EM follow-up observations of high-energy
neutrino bursts can be conducive to search for these yet-
discovered sources, which may provide smoking-gun evidence
for the presence of stellar explosions embedded in AGN disks.

4. Neutrino Fluence, Detectability, and Diffuse Neutrino
Emission

In Section 4.1, we explore the impact of different explosion
environments and different kinds of AGN stellar explosions,
including SN Ia, core collapse SN (CCSN), GRB-SN, and
kilonova, which are predicted to potentially occur embedded in
AGN disks, on the neutrino fluence and individual detectablity.
The results of diffuse neutrino emission and detection rates by
IceCube for these AGN stellar explosions and choked GRBs
with known theoretical event rate densities are presented in
Section 4.2.

4.1. Neutrino Fluence and Individual Detectablity
The neutrino fluence for a single event can be expressed as

1 +0o0
s [ L, (n
47TDL Iho

2
€0, R~

where dt = dh/vs and Dy is the luminosity distance. Figure 2
shows the all-flavor fluences of a single AGN SN Ia with varied
SMBH masses and radial locations at Dy, = 10 Mpc. The grid
of initial conditions and final shock breakout parameters are
listed in Table 1. We also estimate the number of muon
neutrino events in the IceCube detector by

N, (>1TeV) = f ™ de, A (6,) 0, (12)
1 TeV "

where Aef (&) is the effective area given by Aartsen et al.
(2017). The number of up-going detected muon neutrinos from
an single event located at 10 Mpc are shown in Table 1.
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Table 1
Parameters for AGN Stellar Explosions
Explosion Eps" M* M. r/rs Po,—9 Hy, Poo,—11 No,14 Vpo/ € Ly po.as E g € nax / TeV Ny, Remarks
SN Ia 1 1.3 107 10° 120 23 1.5 1.0 0.04 1.1 10 91 0.006 ab
SN Ia 1 13 10° 10° 12000 23 3.93 0.12 0.16 4.1 0.64 4100 0.0007 a
SN Ia 1 1.3 107 10? 36 49 3.0 0.20 0.08 0.86 0.82 620 0.0007 a
SN Ia 1 13 107 10* 0.12 350 0.34 9.4 0.007 0.21 210 24 0.01 a
SN Ia 1 1.3 108 10° 1.2 230 0.76 8.7 0.006 1.3 97 0.74 0.001 a
Kilonova 1 0.05 107 10° 120 23 15 1.0 0.04 1.3 11 110 0.006 b
Kilonova 1 0.05 107 10* 0.12 350 0.34 9.4 0.008 0.21 220 25 0.01 b
CCSN 3 10 107 10° 120 23 1.0 1.1 0.05 25 15 300 0.01 b
CCSN 3 10 107 10* 0.12 350 0.21 11 0.01 0.70 405 13 0.08 b
GRB-SN 30 10 107 10° 120 23 0.29 1.1 0.20 51 69 26000 0.07 b
GRB-SN 30 10 107 10* 0.12 350 0.06 12 0.05 16 2000 1100 2.1 b

Notes. The columns are [1] the kind of AGN stellar explosion; [2] explosion energy (in 10°! erg s [3] ejecta mass (in M); [4] SMBH mass (in M); [5] radial
location; [6] midplane radial density (in 107° g cem™); [7] disk scale height (in 10'% cm); [8] disk density at the shock breakout (in 1071 g cm™2); [9] breakout
vertical height (in 10'* cm); [10] break out velocity; [11] the kinetic luminosity of the shock when the shock breaks out (in 10% erg s™1; [12] shock energy after the

shock breakout, i.e., E; = f, oo Ldt (in 10 erg); [13] the maximum proton energy when the shock breaks out (in 1 TeV); [14] the number of up-going detected
bo

muon neutrinos in the IceCube from an single event at Dy, = 10 Mpc; and [15] remarks describing the parameters being varied: (a) model with varied SMBH mass and

radial location; (b) model with varied types of AGN stellar explosions.

# References for the classical explosion energy and ejecta mass of each stellar explosion: [1] SN Ia (Maoz et al. 2014); [2] CCSN (Branch & Wheeler 2017); and [3]
GRB-SN (Cano et al. 2017); [4] kilonova (based on the observations of GW170817/AT2017gfo, e.g., Cowperthwaite et al. 2017; Kasen et al. 2017; Kasliwal et al.

2017; Villar et al. 2017).

From Figure 2, we see that the neutrino fluence is roughly
proportional to the mass of the SMBH and the radial location,
which is also consistent with the total shock energy after the

shock breakout, i.e., E, = ft oo Lgdt shown in Table 1. Since

the kinetic luminosity of the shock when it breaks out has a
similar order of magnitude for different initial conditions, the
shock driven by an event occurring at a larger radial location
around a more massive SMBH can have a lower velocity and
experience a slower surrounding disk density change. It thus
can result in a slower evolution of the shock kinetic luminosity.
More energy would thus be carried by the shock so that
neutrino production would be more efficient, which can lead to
easier production of a similar amount of neutrino fluence
compared with classical SNe IIn. Furthermore, a lower velocity
shock would lead to a lower maximum energy of protons and,
hence, a lower maximum energy of neutrinos. It may be more
difficult for AGN stellar explosions located at the outer parts of
accretion disks around more massive SMBHs to produce
higher-energy neutrinos, which is obviously shown in Figure 2.
The number of detected neutrinos from an up-going single
event with different SMBH masses and radial locations shown
in Table 1 is consistent with the neutrino fluence.

We explore the impact of different kinds of AGN stellar
explosions, including SN Ia, CCSN, GRB-SN, and kilonova,
with the consideration of their classical explosion energies and
ejecta masses, which are listed in Table 1. SNe Ia and
kilonovae are more likely to occur near the trapping orbit, i.e.,
atr < 10% rg (e.g., Bellovary et al. 2016; Peng & Chen 2021).
A large fraction of AGN stars could be formed in situ in the
self-gravitating region, i.e., 10° <r/rs <10° (e.g., Sirko &
Goodman 2003; Thompson et al. 2005). Many of these stars
would not be able to migrate to the inner trapped orbits of the
disks before their deaths or within the AGN lifetime, so AGN
CCSNe and GRB-SNe could occur at the self-gravitating
region of the disks. SMBHs with a mass of ~10°-10° M., may
be more common, having a nearly uniform local mass function

distribution (e.g., Kelly & Merloni 2012). We may simply
set all the events to occur around 10’ M., SMBHs and consider
two groups of potential radial locations, i.e., r= 10’ rg and
10* rs. As shown in Figure 3 and Table 1, one can see that the
same location events with larger explosion energies can drive
more powerful shocks and produce higher neutrino fluences
with higher maximum neutrino energies. At Dy = 10 Mpc, only
GRB-SNe occurring at larger radial locations of AGN disks
could be easily detected by IceCube. The number of detected
muon neutrinos for other AGN stellar explosions would be
negligible. Unless these explosions have very high local event
rate densities, they may be difficult to discover by IceCube in
the future.

Relativistic jets from long or short GRB events in AGN
disks can successfully break out from the stellar envelope and
the kilonova ejecta, but would be choked during the
propagation in the disk atmosphere. Such choked jets can also
produce high-energy neutrinos as suggested by Zhu et al.
(2021a). For comparison, we show that the neutrino fluences
produced by a long-duration GRB (LGRB) jet with an isotropic
energy of E;,, = 10> erg and a short-duration GRB jet (SGRB)
with E;,, = 10°" erg in Figure 3. Different from the ejecta—disk
interaction case studied here where pp reaction is the main
neutrino production process, for choked jets the neutrino
spectrum above ~1 TeV that we are interested in is mainly
attributed to py reactions. The dip around a few TeV is caused
by the suppression of neutrino production due to the Bethe-
Heitler process. Neutrino production from choked jets is much
more efficient than that from ejecta—disk interactions, but their
maximum neutrino energies of the two types of systems could
be similar.
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Figure 3. Energy fluences of all-flavor neutrinos from different AGN stellar explosions occurring at = 10 rg (left panel) and r = 10* rg (right panel) around an
SMBH of mass M. = 10" M., The colored lines (see labels for meanings) represent different models with various kinds of AGN stellar explosions. For comparison,
energy fluences from choked LGRBs and SGRBs are calculated based on Zhu et al. (2021a). The gray dashed line shows the neutrino spectra for a classical SN IIn

from Murase (2018b). The luminosity distance we assumed is Dy, = 10 Mpc.

4.2. Diffuse Neutrino Emission and Detection Rates

The diffuse neutrino fluence can be calculated by (e.g.,
Razzaque et al. 2004; Xiao et al. 2016)

_ C fzn\ax ROf(Z) 612/(251/(61/)
4mHy Jo (1 + Z)ZJQm(l +23+

where z is the redshift, £, = ¢,/(1 + z) is the neutrino energy in
the observer’s frame, R is the local event rate density, and f(z)
is the redshift distribution. The standard ACDM cosmology
with Hy=67.8kms ' Mpc ', 0, =0.308, and Q, =0.692
(Planck Collaboration et al. 2016) is applied. In order to
estimate the diffuse neutrino fluence from AGN stellar
explosions, one needs to know the local event rate density
and redshift distribution for each kind of event. At present, the
event rate densities for some kinds of AGN stellar explosions
are predicted (see Table 2). Following the discussion in
Section 4.1, we may simply set all SNe Ia, kilonovae, and
SGRBs to occur at r= 10 rg around 10’ M., SMBHs while
setting all CCSNe, GRB-SNe, and LGRBs to occur at
r=10%rg around 10’ M., SMBHs. Because the cosmic
evolution of AGN and star formation rate is not significant
(e.g., Madau & Dickinson 2014), we roughly assume that
stellar explosions could closely track the star formation history,
which may be expressed by the redshift-evolution factor (e.g.,
Sun et al. 2015)

f) = [(1 + 2)3% 4 (i)—osn + (1 +Z)_3'577]1/7], where

E’®, dz, (13)

5000 9
n=—10 (Yiksel et al. 2008). The predicted diffuse neutrino
fluences by considering these AGN stellar explosions are
shown in Figure 4. For each AGN stellar explosion, we
simulate 1 x 10° events in the universe to estimate the
detection rate. The corresponding simulated detection rates N
for different AGN stellar explosions are listed in Table 2. These
kinds of stellar explosions may contribute to <10% of the
observed neutrino background.

Table 2
Theoretical Event Rate Densities, Diffuse Fractional Fluxes, and Detection
Rates for AGN Stellar Explosions

Explosion Ro/ Gpe 3 yr! Diffuse Fractional Flux N/yr!
SN Ia <5000 <3% <0.1

Kilonova <460 <0.3% <0.01
SGRB <460 <2% <0.05
CCSN <100 S1% <0.03
GRB-SN <1 <0.3% <0.01
LGRB <1 <S5% <0.2

Note. We assume all binary WD mergers can produce SNe Ia, while all binary
NS mergers and ~20% NS-BH mergers can power SGRBs and kilonovae
(McKernan et al. 2020). The local event rate density for AGN CCSN is based
on the constraint by Grishin et al. (2021). The rate densities of AGN GRB-SNe
and LGRBs are assumed to be ~1% of AGN CCSNe since Jermyn et al. (2021)
and Dittmann et al. (2021) suggested that AGN stars could have extremely high
spins and easily make LGRBs embedded in AGN disks.

5. Discussion

In this Letter, we show that high-energy neutrinos can be
produced during interactions between the ejecta from AGN
stellar explosions and AGN disk materials. The neutrino signal
has a shorter duration compared with the EM signal, due to the
rapid drop of the mass density above the disk. Two processes
may increase the duration of the neutrino signals. On the one
hand, it is likely that disk winds (e.g., Proga et al. 2000; Proga
& Kallman 2004) and /or broad-line region (BLR) clouds (e.g.,
Moriya et al. 2017) exist surrounding the accretion disks. The
ejecta shock, after interacting with disk materials, may continue
to propagate in the disk winds and/or BLR clouds, typically
having similar densities to those found in SNe IIn. The rate of
neutrino production after shock breakout would decay more
slowly compared with the presented predictions. On the other
hand, cavities or even open gaps (e.g., Kimura et al. 2021;
Wang et al. 2021a, 2021b) are predicted to exist around the
orbits of AGN objects. The densities of cavities and gaps are
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Figure 4. The colored lines (see labels for meanings) represent the upper limits
of expected all-flavor diffuse neutrino fluences contributed from AGN stellar
explosions. The pink circles are observed astrophysical diffuse neutrino fluence
measured by IceCube (Aartsen et al. 2015).

much lower than the density of the disk atmosphere, which
would reduce the swept mass when the shock breaks out for
AGN stellar explosions. Therefore, the final expected breakout
velocities could be much higher than our predictions. In these
two cases, the expected neutrino fluence of a single AGN
stellar explosion and total diffuse neutrino contributions would
be higher than predicted.

For the calculations of the diffuse neutrino background
emission, we show that SNe Ia, kilonovae, CCSNe, GRB-SNe,
and choked GRBs in AGN disks may contribute to <10% of
the observed diffuse neutrino background. SNe (Grishin et al.
2021), Bondi explosions of stellar BHs (Wang et al. 2021a) and
mTDEs (Yang et al. 2021) are predicted to have very high
event rate densities in AGN disks. Such energetic events can
contribute more considerably to the diffuse neutrino back-
ground. Despite of the uncertainties, one may still expect that
AGN stellar explosions could potentially make an important
contribution to the astrophysical neutrino background. Future
more detailed theoretical studies and observable constraints for
the event rate densities of AGN stellar explosions can give a
better estimation of their contribution to the neutrino
background.
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