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Introduction

Astrophysical	condensation	(thermal	instability)

• Interstellar	medium

Molecular	cloudWarm	medium
(temperature:10#) (temperature:	< 100	K)

• Solar	atmosphere

Prominence,	Coronal	rainCorona
(temperature:10'	K) (temperature:	< 10# 	K)

Time	scale		~million	years

Time	scale		~ hours	to	days
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Temporal intensity shift from high 
temperature to low temperature 
-> Radiative condensation

Berger et al. (2012)

Observation of solar condensation
211Å	(2.0MK)

194Å	(1.6MK)

171Å	(0.8MK)

304Å	(0.08MK)
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No spectroscopic information
->Velocity & mass flux were unclear



Numerical modeling of condensation

Numerical	modeling	prominence	formation	
via	condensation	(and	eruption)

Prediction	of	characteristics	of	condensation	flows

• Where	?	Which	temperature	?
• Can	we	distinguish	them	from	

turbulent	flows	(±5km/s)?

reconnection-condensation	model	(Kaneko	&	Yokoyama,	2015,	2017)
+	flare	trigger	model	(Kusano et	al.,	2012	)
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A&A 597, A111 (2017)

Fig. 4. Velocity map of the prominence at 12:36:56 UT. The three regions used in the investigation are marked by the three boxes. See also the
associated movie.

Table 1. Parameters of the velocity distribution of the whole prominence and the three regions.

Region Vel. mean (km s�1) Vel. sd (km s�1) Skew Kurtosis Correlation time (s)
Whole 0.9 2.0 �0.18 0.89 328

R 1 0.8 1.7 0.01 0.07 494
R 2 0.4 1.7 �0.42 0.46 246
R 3 1.2 1.6 0.05 0.50 317

should be noted is the di↵erence between the lengthscale associ-
ated with horizontal and vertical break in the power law, though
the position of the break in the horizontal power law is relatively
similar for the three regions, this is not the case for the verti-
cal scaling. The approximate position of the break in the vertical
power law for R1 happens at 4000 km, for R2 at 2000 km and for
R3 at 2500 km. This could be related to the di↵erent dynamics
of the regions, where R2 and R3 are dominated by vertical flows
but R1 may be dominated by the vertical threads that are often
observed in prominences. Because the lengthscale at which the
break in the power law occurs for R1 has been pushed to longer
lengthscales, this allows for the range of the steeper power law to
be observed over an extended range providing greater evidence
of its existence.

Figure 9 gives the second-order temporal structure function,
h�

t

v2i = h[v(x, s + t) � v(x, s)]2i against t for the three regions.
For the temporal distribution, power laws exist only for temporal

separations below ⇠1000 s. The exponents for the three regions
are approximately 1 for R1, 0.6 for R2 and 0.9 for R3. It is inter-
esting that the exponent is noticeably reduced for R2 compared
to the other regions. This implies that this region has a higher
ratio of kinetic energy at the higher frequencies to the lower fre-
quencies than the other regions. As can be seen in the movie
associated with Fig. 4, this region is dominated by the down-
flowing prominence knots. Also, it is interesting that the shorter
the correlation time for a region, as given in Table 1, the smaller
the exponent. Above the temporal separation of approximately
1000 s the distribution is almost flat for all three regions. One
potential physical meaning of this value is of the period of the
Alfvén waves or the timescales of the dynamics that drive the
turbulence.

It is interesting to try to connect the temporal to the spatial
structure functions. One way to do this would be to use Taylor’s
hypothesis that relates the temporal to spatial scales with r = Ut
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Hillier	et	al.,	2017



Numerical settings: basic equation
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Initial & boundary condition

Injection	of	bipole
from	the	bottom	boundary

Initial	state

Grid	spacing	size:	120	km
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temperature density



Overview of simulation result

Density	(log) Temperature	(log)
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(Kaneko	&	Kusano et	al.	in	prep)



Expected signature of condensation 

Mach	number

Supersonic	condensation	flow

Mach	number	=	1~2
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Expected signature of condensation

Mach	number
condensation	flow:

• supersonic	(Mach	1 − 2)	

• transient	(several	~20	min)

• narrow	region	(<	300km)

• multi-thermal
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Expected signature of condensation

Mach	number
condensation	flow:

• supersonic	(Mach	1~2)	

• transient	(20	min)

• narrow	region	(<	300km)

• multi-thermal

Collaboration	with	IRIS	or	EUVST	?
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Expected signature of condensation

Mach	number
condensation	flow:

• supersonic	(Mach	1~2)	

• transient	(20	min)

• narrow	region	(<	300km)

Shock	interaction	in	prominence

Heating	(?)
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Eruption

Result	of	parameter	survey

High	density	->	Enhancement	of	magnetic	free	energy

Condensation	is	coupled	with	eruptive	mechanism.
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Possible target

Can	we	detect	both	condensation	and	eruption	?

1	hour	from	formation	
(condensation?)	to	eruption

High	occurrence	frequency	
in	quiet	region

Miniature	filament	eruptions	(Wang	et	al.,	2000;	Sterling	et	al,	2015)

Narrow	FOV	is	OK
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Summary

Expected	signatures	of	condensation	flow:

• supersonic	(Mach	1 − 2)	

• transient	(20	min)

• narrow	region	(<	300km)

• multi-thermal	(10# − 10O)

Condensation	to	Eruption:

• Miniature	filaments	are	practical	targets.

• Free	energy	enhanced	by	prominence	?
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Backup
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