Ices, CZ)

{

Sergey Kal‘POV (InSTItute of Physms of the Czech Acz 7 of Sciences, CZ)
- |
Aleksej Jurca (University of Nova Gorlca, SLO) " i

e =_p .'

===

(O\ PHYSICS

/Yy  FOR TATRA ASTRO SUMMIT, 23.9.2025 S co-funded by X%,
FZU FUTURE ******* the European Union




Quasi-periodic eruptions (QPEs)
X-ray: NASA/CXO/CSIC-

INTA/Miniutti+2019;
Optical: DSS

X-RAY INSET

OPTICAL
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QPE lightcurves

Miniutti+2022
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Star-disc collisions model

GW (TGW ~ 106 yr)

%

N .
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Star-disc collisions model
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Star-disc collisions model
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Star-disc collisions model
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Natural explanation for “long-

short” pattern.
Could potentially explain

“strong-weak” pattern.
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Star-disc collisions model
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Natural explanation for “long-

short” pattern.
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3D radiation-hydrodynamics simulation to = 2(H+R#)/v4 = 3 min

% t/te = 0 |
F ol

107

Disc: Stationary, uniform density (mass My=107"Mo), no gravity.
Star: Solid sphere, Rx = 1R, vx = 0.1c, no gravity.
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Momentum distribution

1031 t/ter = 0.0

101_

10—1_

A(m/Mo)/A(vz/vy)

20 —-15 —-1.0 -05 0.0 0.5 1.0
Vz/ Vs

[ Gas initially at rest. ]
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t/te = 0.5

Momentum distribution

103, t/ter = 0.0
- t/tey =0.5
= 107!
= o
~— 1| \Q
ﬁ 10 I
o
= 107
\%10—1 ]
<
107

20 —-15 —-1.0 -05 0.0 0.5 1.0
Vz/ Vs

[ Star injects momentum, which is redistributed asymmetrically.}
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Momentum distribution

103_

A(m/Mo)/A(v,/vs)

t/tee = 0.0
t/tey =0.5
— t/te=1.0

t/te = 0.5

t/te = 1.0

-

[Gas ejected during forward shock breakout is faster. J
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Momentum distribution

t/te = 0.5

103_

A(m/Mo)/A(v,/vy)

t/tey =0.0
ttr= 0.5
— t/tey=1.0
t/ter=2.6

t/te = 2.6

O\
Vi

15

—1.0 —0.5
VZ/V*

0.0 0.5 1.0

Forward direction — Elastic collision.

Backward direction — Radiation pressure.
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Lightcurve

t/te = 1.0

~

Radiation transported via advection and
diffusion.

Luminosity: Integrate total radiation flux
across the photosphere (optical depth 7 = 1).

\_ /

10° 1
plpo €rad/ (P0V%)
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Lightcurve

t/te = 1.0

\

Radiation transported via advection and
diffusion.

Luminosity: Integrate total radiation flux
across the photosphere (optical depth = 1).

emission timescale

N/
Characteristic L: Lo = 7nEin'/\tQpE = 10* erg/s
/

injected energy

10° 1
erad/(pov*)
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Lightcurve

(At peak L/Lo~1.

Forward outflow
~2x higher L.

Total (forw.)
— Total (back.)
10°;
S
~
10_1§
2 3
t/ter
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Lightcurve

Total (forw.) EE /Ly (forw.) (Forward EjECtEd gas\
oy — fotal(back) == EE/Lo (back) || —Dx higher shock
() A heating rate E.

10 = \ )
J
~

10714
1 2 3
t/ter
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Summary

* The collision drives asymmetric outflows of gas.
* Forward outflow expands faster and is more massive.
* Forward outflow is brighter.

* Star-disc collisions could reproduce the “strong-
weak” brightness pattern.
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e 1/t = 0.88
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. . .
Asymmetric shock heating rate E = M/

u_ . . .
™~ increase in specific
thermal energy

e 1
1 t/te =0 |
211 : I
I I I
I I I
l ] :
ST i I
I I
I 1 |
i |
A5l . I
2 I 1
I 1
6 4 3 0 2 4 6
yO/R*
—100 10 0 10! 100
Vz/v*

[Backward—moving gas: Lower Mi,and Au — Lower E]
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Momentum evolution
0.0
0.1
Q0.2
o
E.‘N
0.3
0.4
00 05 10 15 20 25 30 3.5
t/ter
* Star injects momentum (Px=Moyvx)
* Momentum asymptotes
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