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Motivation - Time-dependent phenomena in AGN
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Supermassive black hole related transients

Changing look AGN
Months-years? recurring?
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Peculiar events in AGN
Months-years? recurring?
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Time-dependent phenomena in AGN

AT 2019aalc
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Time-dependent phenomena in AGN

AT 2019aalc
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Recurring flaring event in an AGN - AT 2019aalc

(Sniegowska+2025, Veres+2026)
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Broad Bowen Fluorescence lines in AGN

Netzer+1985
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Recurring flaring event in an AGN - AT 2019aalc

(Sniegowska+2025, Veres+2026) i Hell { — AT2019alc
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Recurring flaring event in an AGN - AT 2019aalc
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Recurring flaring event in an AGN - AT 2019aalc
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Examples of the light curves with small R

Radiation pressure instability in the central parts of
the AD (Pringle+1973; Lightman & Eardley 1974;
Nayakshin+2000; Janiuk+2000, 2002).
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Take-home message 1/2

% Large amplitude, long-term QSO variability with follow-up spectroscopy gives us

new insights into accretion physics
% We observed AGN with recurrent extreme-UV flares in the inner disk
% Strong, persistent broad Bowen lines

% Related to radiation pressure instability?



Time-dependent phenomena in AGN

AT 2019aalc
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NLSy1s galaxies SDSS NLSy1
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Sub-Eddington vs Super Eddington accretion
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Super-Eddington Narrow-Line Seyfert 1s
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NLSy1-related flares

Frederick et al. 2021
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Tidal disruption events

e Luminous in optical/UV, blue, with broad H
and/or Hell

In galaxy centers

More luminous than SNs

spectra different than SNs

We do not have preexisting accretion disc
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Gezari et al. 2012
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In NLSy1 we have accretion disc already!
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Transients zoo in NLSy1

Burke & Natarajan 2026
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Transients zoo in NLSy1
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Exploring PS16dtm flare y
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Exploring PS16dtm flare - Before the event
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Exploring PS16dtm flare - During the event

o-band only; RMS computed in 0-2000 days

—— model ATLAS o-band detections
1.5 ledd —
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Sniegowska et al. 2026



Exploring PS16dtm flare - During the event
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A blackbody near 8,000-8,900K fits the observed shape, but this is likely
not the inner-flow temperature. It points to a large reprocessing layer.

Sniegowska et al. 2026

6000

AFy [erg s~ cm—2]

=

ln
IS
T

-
[N}

=
[=
T

o
[
T

S
o
T

o
IS

0.2k
&
2000

(x101 MJD = 57774

3000 4000 5000
Wavelength A [A]

3e-15

2e-15

AF, [erg s~ cm™2]

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

6000

Wavelength A [A]



Exploring PS16dtm flare - During the event

Before the event

Rprr before outburst ~4.5x10% -x10° Rgchw

Sniegowska et al. 2026

RNLR

During the event -
-
-
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10% Rschw

Rprr during outburst

S from SED Robscurer
from Table 1, viscous timescale Rgeposit ~10 Rschw




Exploring PS16dtm flare - During the event

When will it
come back to

the preflare
state?

Sniegowska et al. 2026

RNLR

Before the event

Rpir before outburst ~4.5x10% -x10° Rgchw

During the event -
-
-
» -
. B - - - - - - —— - — - —— -
10% Rschw

Rprr during outburst

P from SED Robscur;r
from Table 1, viscous timescale Rqeposit ~10 Rschw




Take-home message 2/2

% The host galaxy was already an active AGN before the outburst, so the
event happened inside a pre-existing accretion disc

Total injected mass remains ~0.3 Mo
There appears to be a preference for multiple, at least two
accretion events separated by ~ 4 days

* %

€N

A
Did it come back to the pre-flare state? oé‘qsf’g
q\q_o(’
Q

How common are similar TDEs hidden inside AGN discs?

Thank you!
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: Initially embedded counter-orbiting star
e aligned by chance with the formed disc in an isotropic NSC

Coorbiting star gains Counter-orbiting star loses mass,

inspirals due to GW emission, inspirals due to hydrodynamic drag,

and disrupts at a large and disrupts at a smaller distance

Disrupted aligned star is not full embedded in the disc,

formation of the obscuring outflow



keV? (Photons cm > s 'keV ")

Flux (10715 erg s=! em2 A-1)

Changes in accretion flow (Intrinsic)

Hard X-ray Compton ~ Soft excess

BH ADAF ¥

Hard X-ray Compton
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Instability of radiation pressure dominated Keplerian disk

A advection Shakura-Sunyaev disk model:

Q+= Q- . . .

the radial momentum equation (Keplerian flow)
azimuthal one (radial transport of angular momentum)
vertical one (hydrostatic balance)
continuity equation (mass conservation)
energy equation (local balance)
equation of state

log M

radiation
pressure

% Ot X %

Radiation pressure instability in the central parts of the AD
gas pressure (Pringle+1973; Lightman & Eardley 1974; Nayakshin+2000;
Janiuk+2000, 2002).

>

log>
O ) (Sniegowska+2023) S
T _, !
ot o

\ <«+———  stationary solution . AL =
BH ——— 1 -

oT ~ stable disk
R =0 unstable disk
ot




Examples of the light curves with small R ;
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Challange:
they seem to rise slowly
and drop quickly
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Recurring flares
in an AGN disk
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