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® GW190521 & EM counterpart

Intermediate-mass BH

Binary black hole merger occurring in an AGN disk

Potential EM counterpart




Transients in AGN Disks
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Star and compact remnant formation
in AGN disks:
® Born 1n situ in an AGN accretion disk.

® Captured from the nuclear star cluster

around the AGN.



Transients in AGN Disks
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Characteristics of AGN stars:

® Could even accrete up to masses
over 10°Mg.

® Undergo quasi-chemically homogeneous
evolution.

® Spin up to critical rotation.

® Form compact helium/carbon/oxygen stars.

® Easily make LGRBs.
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Transients in AGN Disks

AGN neutron star mergers

Low-Luminosity GRB Long GRB Orphan Neutrinos vy
A 4
v : !
Gamma-rays/Hard X-rays Gamma-rays ' s
(low-luminosity, un-collimated, soft, non-variable) (luminous, collimated, hard, variable) - !
N § S s f’
A mildly relativistic oc N
shock breakout : ','
[
[
L]
LI |
[}
L
L)
Stall Radius Choked Jet
Extended
~10" cm 10310 cm| ~10" cm Material
An Ultra-Relativistic jet An Ultra-Relativistic jet Progenitor
Penetrates the core — choked in the extended material Penetrates the core Core

Nakar 2015 Senno et al. 2016

Low-luminosity GRBs:
LGRB jets could be choked by the envelope or the extended material

as hidden sources of astrophysical high-energy neutrinos.
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AGN neutron star mergers
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AGN neutron star mergers
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® Cocoon (first) shock breakout: X-ray emission
® Ejecta (second) shock breakout: UV emission
® No observed kilonova and cocoon cooling emission



Transients in AGN Disks

AGN AICs of WDs
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® Runway Thermonuclear Emission: Type Ia supernovae

itical accretion onto a white dwarf star

® Accretion-induced Collapse of White Dwarfs: Magnetar-powered Transients

/" anm Optical
WD RS? ? EC':I torl;s ECM disk > Soft X-ray
[ o2 )N.Sg Pee-gy P N.S (edge-on)
Companion ‘/é O g ECM tors ./Q(}J‘ ~~» Hard X-ray
WD AIC Pulsar Wind > Pulsar Wind

breakdown \ Line emission

& 4 - S -

Yu et al. 2019




AGN AICs of WDs

Scenario I:

Transients in AGN Disks

Scenario I1:

Thermonuclear Explosion (Ejecta Shock Breakout) AIC of WDs (Magnetar-Driven Shock Breakout)
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Ejecta Shock Breakout: Magnetar-Driven Shock Breakout:

Grishin et al. 2021

e Temperature T, ~ 1.5 X 10°K e Temperature T, ~ 9.9 X 10°K

Shock Breakout CSM Lightcurve

e Duration #4 ~ 0.7 hr  Duration #3¢ ~ 2.1 hr

e Luminosity L ~ 1.6 X 10*ergs™  « Luminosity L ~ 3.2 x 10¥ ergs™!

Zhu et al. 2021b, ApJL, 914, L19
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AGN AICs of WDs
Scenario I: Scenario I1:
Thermonuclear Explosion (Type Ia SN Explosion) AIC of WDs (Magnetar-Powered Transient)
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® Dim slow-evolving type IaSN @ Fast-evolving bright transient
or SLSN-like transient for
AIC of WDs in AGN disks

. ® Candidate
for thermonuclear explosion

Zhu et al. 2021b, ApJL, 914, L19
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Neutrinos from choked jets
Orphan Neutrinos vy pp Py
* Low-luminosity GRB , 10° e iy A
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L ——E,, =10 erg (LGRB)

[ -5 L = 10% er:
« GRBs in AGN disks o 10° § R S
10 10? 10° 0t 10 10° 107 108 10° 10 10! 10° 10° 1 10° 10°
AGN Disk . E’p (GeV) €, (GeV)
At h 8 .
S el : : Bethe-Heitler
Decelerate timescale Spectrum

Disk Material

Disk Height H > r,;

Choked jets in AGN disks can produce high-

Jet Stalling Radius r,,;

energy neutrinos detected by IceCube.

. NS/BH .
1. Jet Propagation in the Progenitor: 2. Jet Propagation in the Disk Atmosphere:
Collimated Jet Uncollimated Jet

Zhu et al. 2021c, ApJL, 911, L19
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Neutrinos from choked jets
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Zhu et al. 2021d, ApJL, 917, L28

AGN transients would be multimessenger sources in GW, EM and neutrino.
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Multimessenger Source: AGN Transients

AGN neutron star mergers
AGN AICs of WDs
Neutrinos from choked jets

Neutrinos from shock breakouts
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