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Tidal disruption events

stellar stream is compressed
(Nozzle shock)
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Credit: Jenni Jormanainen

tidal forces flow collides with
disrupt the star itself



Stellar sources
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Detections of TDEs
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Light curves and corresponding mass
accretion rates (van Velzen et al. 2020)

Luminosity vs Temperature for UV / optical
(green) and X-ray-detected (black) TDEs

e ~100 TDEs have been
detected

e Vera Rubin Observatory /
LSST will greatly improve this

e bimodal distribution of
spectrum

® emission mechanism not fully
clear

e probably UV and optical
through shocks, X-rays
through accretion disk

Sources: Gezari (2021)



Radio emission
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What can they be used for?

¢ finding dormant supermassive black holes
e characterizing intermediate-mass black holes (via white dwarf TDESs)

e improve the knowledge of occupation fractions of supermassive black holes
and intermediate-mass black holes in galaxies

e Multimessenger astronomy (High-energy neutrinos and gravitational waves)
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Numerical simulations (Collaboration with Christopher Nixon
(Leeds, UK), Eric Coughlin (Syracuse University, USA)

e SPH-EXA had recent updates to
better handle such numerically
extreme systems

® Recreated the results from Fancher
et al. 2023 using SPH-EXA and
extended it with higher-resolution
problems.

e Currently running longer-term high-
res simulations. This is important
to correctly catch the emission
mechanism.

e Fancher et al. 2023:

® investigates the stellar stream after
first pericentre passage;
using multiple resolutions up to
128M

e finds important role for self-gravity

e evidence for gravitational collapse

® The numerical problem is
conceptually easy:

e Black hole (106 M_star)
modeled by a central
potential

e Star is chosen as a
polytrope with tidal radius =
pericentre distance

® The star starts on a
parabolic orbit with
pericentre distance >>
Schwarzschild radius

initial shape of the
star
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Fancher et al. 2023
(Phantom, 1M particles)

Mass distribution function of

binding energy (SPH-EXA 128M)

400

3004

N
=1
S

100 4

—100 4

T T
—800 —600

T
—400

SPH-EXA, 128 million particles

T
-200

Self—gravity included

1.2 1
---- Prediction
— Pericenter |
3.5 min 1.0
7 min
| 105 min — 0.8
— 14 min %
— 17.5 min 5
— 21 min % 0.6 A
24.5 min S
— 28 min ©
— 31.5min 0.41
— 35 min
0.2 1

0.0 min

3.5 min

7.0 min

10.5 min
14.0 min
21.0 min
28.0 min
34.8 min
35.0 min
46.3 min

i ] 0.0 +— ; .
1.0 15 15  -10 —0.5\

010
e[Ae]

/0.5 1.0

1.5

development of ,,wings*
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Runs with SPH-EXA
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128M

® modified impact parameter, polytropic exponent
and central potential

® SPH-EXA can automatically generate initial
conditions for these simulations at arbitrary
resolutions

® go to much higher resolutions (~10b particles,
GPU and efficient node-parallelism greatly
beneficiary, ideal for SPH-EXA).
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physical or numerical fluctuations?
(10-billion particles run)
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Longer evolution simulations
(current work)

The bound part is coming back;
soon the stream will collide
with itself

® simulate long-term evolution, including
Nozzle shock and stream-self crossing

® go to much higher resolutions (~10b |
particles, GPU and efficient node-
parallelism greatly beneficiary, ideal for
SPH-EXA).

® search for numerical convergence

22000 code lengths

longer term evolution after
second pericentre passage
(SPH-EXA)



Resolution study
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Outlook

Fast, high-resolution simulations and
long simulation timescales allow to:

® investigate the parameter space

® show convergence in nozzle shock
properties and debris structure /
dynamics

® simulate late-phase dynamics (low-
energy emission in radio spectrum)

After the long-time high-resolution
simulations the next step will be to add
additional physics:

® Radiation transport

® Magnetic fields

® ISM envelope model






push-rate in million particle timesteps / s / node

SPH-EXA benchmarks

code hardware ! runtime energy
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energy distribution
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Turbulence and gravity in star-formation
(TGSF) simulations with SPH-EXA

I run with 15 billion particles
(credits to Jean Favre)

(0]
O
)
=
[
(o)
9]
=
>
=
o
ke}
0
>

® SPH-EXA well-reproduces the turbulent spectrum

® will be the largest turbulence simulation for star formation
(1 trillion particles)
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