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Motivation

 Black holes are expected to be common
In galactic nuclel

 Accretion flows: AGN activation, TDEs

* Supersonic collisions: strong shocks +
heating



Motivation

* QPE-like phenomenology

e OJ 2877 (Valtonen+2008,
Komossa+2023)

 Multimessenger relevance: bounds on
LISA-detectable EMRI population
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Radiation framework

L(?) ~ [é(x, D) foo(X, 1) AV {

* Energy generation rate (shock heating):

é X pu(vu —_ VSh)(g d — 811) - t — 23.835 t.._

* Optical depth: we solve eikonal equation
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Radiation framework

* Free-free emission and Comptonization (Nakar &
Sari 2010)

Uu

rad .
= [, 1) (T

 Capped by blackbody and pair-production
saturation temperatures (Weaver 1976)

* We construct rough specific luminosity estimates

7B (T) p

oT?

vl ~ yJ'e - V,
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t = 31562.5¢t,, 2 = 1.0X 10° g cm
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Bolometric luminosity

vy = 0.05¢
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» Different morphologies
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» Higher 2 favors dip-and-
rebrightening
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SEDs
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Flares from the expanding ejecta

* Approximately spherically expanding ejecta (Arnett 1980)

e Typically than accretion-powered emission
—5/2 ~1/2 172
~ 3KMej ~ 6 104 y1/2 VBH Vej Mej
tpeak ~ ~ X tg 4
47cve; 0.05¢ VBH 0.1m,
. , Independent of parameters, similar to accretion-powered luminosity

2 EeJ
Lpeak ~ LEdd,BH >

* Potentially contribute an , but unlikely to dominate for most parameters
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Multi component flare “model”

| Increasing 2.
Ejecta

precursor
T Accretion-powered
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Observational diagnostics

Repeating soft-X ray flares (for IMBH regime)

Popg determines possible vgy
Lqpg determines the range of Mpy. 14, should be consistent.

Longer PQPE are preferred (at fixed 2) — stronger interaction — higher luminosity
But require longer observational baseline

In density decreases with time — flare morphology change across years
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Crested QPEs from J2344

XMM-Newton 2025-06-17 Baldini+2026
0.8 high background region
— —1— EPIC-pn source
* QPEs 5 years after TDE- £ 06 EPIC-pn background
like flare J2344 (Baldini+26; £, . o B3
Homan+23, Goodwin+24) E A
S 0.2 ) )
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Time |h]

e ...~ 12 hrs, 1,  ~ 2 hrs

. e BH-disk collisions?
« M, ~ 10 M®

» For Mgy ~ 10%-10°Mg, M, ~ 10'M,
 Narrow flares separated by t o ~ 10-90
5-30 mins oW R
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Valtonen+2024
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Canonical model (Valtonen 2008): * Our results imply Mgy ~ 10°M ., but then timescale

10°-10%¢ ~ vrs is too long (see also Linial & Metzager

e ~ (0.6, precessing orbit » However, further work to remove local approximation

IS warranted
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Summary

 BH-disk collisions may naturally produce

* Emission is typically (IMBH regime)
» Peak luminosities may reach ~ 1-10 Lgy4 gy

A short may accompany the accretion flare
* Optical/UV emission is likely hidden by the quiescent disk

* We need fully-coupled radiation-hydrodynamics for more consistent picture
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