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Shock waves associated with explosions

Point source explosion
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Shock-cloud interaction in Astronomy
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Shock waves associated with solar flares
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“Clouds” on the Sun -Prominence-

Prominence is Cold and Dense
T,~104K (& T~100K)
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Prominence “Oscillation” driven by Shock

Aug. 9, 2011
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X5.4 flare with coronal shock
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Evolution of coronal shock
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Coronal shock hit a prominence




Prominence Activation
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How fast mode shock wave

activate a prominence
brightening
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1D model of Prominence Activation
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Coronal shock quantity estimation

ik

corona prominence

.Mf,in — \/((,}, 4 1) — T (7 — 1)) (,),ﬁc + 2) Activated

. > | \/_ Prominenc
-1 c~ Yin -1 _ 1 + a( :j
Tin C 4 Tin = 1 9 @

Vir 2 Coronal #~
— Vi, — 1+ \/5 Shock Front




Estimation of M, with prominence activation
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2D Modeling of Prominence Activation

Shock upstream

B,®
2D Ideal MHD equations Parameters;
AR M=1.07, B=0.2
o 0, 1 9 a=pp/pc=2, 5,10, 15, 20
5 (PVe) = —5 (PVi+p+ o B)— ay("V“”Vy)
0 0 1 0
E(”V“’) = —6—y(pVy2 +p+ ng) - g(PVmVL) ]
oB. 0 0 1 2 p L o
5t = “ap=B) g WB) e = Sp(VEHV) + T+ B
de d 0 1 ¥ 1
% - —g(th) - 3_y(hvy) h = §P(Vz2 + 1/;/2) + ~— 1P + 471.33



Acceleration Profile
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1D vs. 2D

: linear analytic

: 1D quasi linear

: 1D shock (M=1.17)

: 2D shock (M=1.07, elliptical )
: 2D shock (M=1.07, circular)




Summary

Coronal shock wave is associated with a large flare on 3/7/2012.
The coronal shock hit a polar prominence and activated it.

While the activation, the prominence is strongly brightened.

We made shock-cloud interaction model of prominence activation.

The model expects that denser the cloud is,
smaller the velocity will be and also stronger the compression will be.

The shape of the cloud is also an important factor which determines
the acceleration profile of the activated prominence.



