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Plasmas	  condiAons	  in	  solar	  corona	

Weak Collision Plasma	



Difference	  from	  collisionless	  plasma	
	  
•  Momentum	  transfer	  by	  coulomb	  collision	  

•  Thermal	  conducAon	  along	  magneAc	  field	  

•  IonizaAon	  and	  recombinaAon	  

•  RadiaAve	  energy	  loss	  (not	  synchrotron	  radiaAon)	

衝突による運動量交換	

衝突による熱伝導	

衝突による電離・再結合	

衝突による輻射	



What plasma parameter control the 
energy conversion rate?	



Target	  of	  MRX	  obs.	

•  HeaAng	  associated	  with/without	  slow-‐shock.	  
	  	  	  	  	  	  	  	  	  	  	  	  Electron	  heaAng	  
	  	  	  	  	  	  	  	  	  	  	  	  Ion	  heaAng	  (Possible???)	  
•  Alfvenic	  flow	  
	  	  	  	  	  	  	  	  	  	  	  	  Doppler	  shiS	  measurement	  
	  	  	  	  	  	  	  	  	  	  	  	  IonizaAon	  informaAon	  	  
•  ParAcle	  acceleraAon	  
	  	  	  	  	  	  	  	  	  	  	  	  Supra-‐thermal	  &	  High	  energy	  electron	  acc.	



Standard	  model	  for	  Solar	  Flare	
438 CHAPTER 10. MAGNETIC RECONNECTION

Figure 10.21: Elaborate version of the standard 2D X-type reconnection model that also in-

cludes the slow and fast shocks in the outflow region, the upward-ejected plasmoid, and the

locations of the soft X-ray bright flare loops (Tsuneta 1997).

celerating particles in a downward direction and producing shock waves and plasmoid

ejection in an upward direction. Hirayama (1974) explains the preflare process as a

rising prominence above a neutral line (between oppositely directed open magnetic

field lines), which carries an electric current parallel to the neutral line and induces a

magnetic collapse on both sides of the current sheet after eruption of the prominence.

The magnetic collapse is accompanied by lateral inflow of plasma into the opposite

sides of the current sheets. The X-type reconnection region is assumed to be the loca-

tion of major magnetic energy dissipation, which heats the local coronal plasma and

accelerates nonthermal particles. These two processes produce thermal conduction

fronts and precipitating particles which both heat the chromospheric footpoints of the

newly reconnected field lines. As a result of this impulsive heating, chromospheric

plasma evaporates (or ablates) and fills the newly reconnected field lines with over-

dense heated plasma, which produces soft X-ray-emitting flare loops with temperatures

of MK and densities of cm . Once the flare loops

cool down by thermal conduction and radiative loss, they also become detectable in

EUV ( MK) and H ( K). Kopp & Pneuman (1976) re-

with Yohkoh and Hinode 

with Solar-C 

Tsuneta et al., 1996 
Yokoyama&Shibata
2001 

Hot & Fast Flow should be observed! 



Hara	  et	  al.	  2011	  ApJ	  RX	  flows	
The Astrophysical Journal, 741:107 (20pp), 2011 November 10 Hara et al.
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Figure 10. Spatial relationships among (a) Fe xii 195 line-of-sight Doppler velocity VD showing an inflow structure to a site near S1, (b) enhancement in the Ca xvii
192 linewidth index as a signature of hot outflows, and (c) electron density from the intensity line ratio of Fe xii 186/Fe xii 195. (d) Schematic picture of what we see
in the EIS velocity observations near the loop-top region with the RHESSI 4–6 keV thermal source at 12:50:30–12:52:30 UT in green contours. (e) Interpretation of
observed flows by a geometry of magnetic reconnection viewed from a different perspective.

observation that the temperature of the outflow component is
less than that of the loop-top blob is consistent with the follow-
ing facts: (1) observation of the fast outflow both in Fe xxiv
and Ca xvii and (2) no isolated dense structure in Ca xvii at S1,
where the hot blob is found in Fe xxiii and Fe xxiv.

4.3. Inflow toward the Site Near the Brightest
Fe xxiv/xxiii Source

Figure 10(a) gives the Doppler velocity map from the Fe xii
195 observation showing flows of ∼20 km s−1 in Doppler speed
with normal coronal temperatures (∼1.5 MK) toward the hot S1
source. The Fe xii 195 intensity of the inflow at the border of S1
contour is 1.0×103 erg cm−2 s−1 sr−1. A flow structure with the
same shape as that of the Fe xii observation is also observed in
the Doppler map of Fe x at 184.54 Å. We estimate the line ratio
temperature from the intensity of Fe xii at 195.12 Å and Fe x at
184.54 Å. The derived temperature is 1.23 ± 0.02 MK.

The flow was observed at the west side of the S1 source,
implying its existence a few minutes before the appearance of
the hot source, which has a timing similar to the Fe xv and Fe xvi
outflows shown in Figures 9(d) and (f). Although the blueshift
structure is located near the west side of the X-ray flare loop
structure, they are not the same magnetic structure. An X-ray
loop structure that is similar to the flare loop in Figure 10(d)
was observed in the pre-flare stage, and it is recognized in the
EIS Fe xvi raster-scan map shown by an arrow in Figure 1(f).
The loop structure is also seen in Fe xvii and Ca xvii raster-scan
maps in Figure 13, but not in Fe xxiii and Fe xxiv maps. The
blueshifted flows appear to largely weaken inside the S1 area
indicated by a white contour in Figure 10(a), while a part of
the hot outflow in the Ca xvii 192 linewidth index (Figure 9(b)
or 10(b)) starts within the S1 area. It appears that the inflowing
plasmas are heated near S1 and they are flowing out to the outer
corona with a higher Doppler speed of a few hundred km s−1.

Figure 10(d) summarizes the spatial relationships with a
projection effect among the coronal inflows, the heated hot
outflows, the redshifted hot S1 source with a high nonthermal

velocity VNT, the flaring loops, and the RHESSI HXR thermal
source during the HXR impulsive phase. We suggest that there is
a reconnection point near the S1 source at a higher altitude, and
that the slow coronal flows are heated and accelerated as the hot
reconnection outflow in a geometry of magnetic reconnection
as indicated in Figure 10(e). When the system is seen from the
line-of-sight direction, the reconnection point is projected to the
S1 area, so that the outflow appears to start within S1.

The inflow structure does not show a pair of flows with
opposite directivity to a hypothetical reconnection point near
the S1 source. Three explanations are possible.

1. Line-of-sight integration effect for low-density inflow
structure.

2. Angle between the direction of flow and line-of-sight
direction of the undetected inflow.

3. Motion of the diffusion region of magnetic reconnection to
the observer.

The third point has been adopted for the spectroscopic observa-
tion of reconnection inflow in Hara et al. (2006) from the gradual
change of Doppler velocity in the same direction as a function
of time near the assumed region of magnetic reconnection.

Figure 10(c) shows the electron density map estimated from
the density-sensitive line ratio of Fe xii at 195.12 Å and Fe xii
at 186.88 Å, as was done by Young et al. (2009), using the
CHIANTI spectral software package (Dere et al. 1997, 2009;
Landi et al. 2006). It is apparent that the inflowing structure
in blueshift has a low density, while the opposite side of the
inflow has a higher density. A footpoint of the X-ray flare loop,
which is shown in Figure 10(d), is redshifted and has a high
density during the flare decay phase. The electron density in the
inflow structure near the S1 source is 2.5 ± 0.5 × 109 cm−3. If
the high-density structure shows different Doppler motions, a
low-density inflow that is located along the same line-of-sight
direction may not be directly detected. Since the fast Ca xvii
outflows from the S1 site are only seen for a short duration, the
inflow at the opposite side may have disappeared by the time it
was reached by the EIS raster scan.
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Spectroscopic	  obs:	  EIS	  Line	  Profiles	

-400 km/s	 400 km/s	0 km/s	

Imada et al., 2013 ApJL 



Thermal	  Non-‐Equilibrium	  Plasma	

•  Non-‐Gaussian	  DistribuAon	  funcAon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  →　Power-‐law	  distribuAon,	  beam	  plasma	  	  
	  	  	  	  	  	  	  Ame	  scale	  for	  equilibrium	  is	  very	  short	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  (kineAc	  regime	  or	  e-‐e	  or	  i-‐i	  collision)	  
•  Different	  temperature	  in	  different	  species	  
	  	  →	  Ti>Te	  
	  	  	  	  	  	  	  	  Ame	  scale	  for	  equilibrium	  is	  relaAvely	  long	  
	  	  	  	  	  	  	  	  	  (e-‐i	  collision)	  
•  IonizaAon	  non-‐equilibrium	  
	  	  	  →	  strong	  heaAng	  or	  flare	  
	  	  	  	  	  	  	  Ame	  scale	  for	  equilibrium	  is	  long	  

Because RX is highly dynamic, plasma may not reached to 
Equilibrium stage! This is new regime for Solar physics obs.  

ガウス分布でない	

プラズマ種で平衡でない	

電離非平衡	



IonizaAon	  Process	

α    collisional and dielectronic recombination                     
S    collisional ionization	

FeXIV             FeXV            FeXVI	

ionization	 recombination	

  FeXVII          FeXVIII	
Fe13+            Fe14+           Fe15+	 Fe16+           Fe17+	

We can discuss the history of heating! 

 



Example	  of	  IonizaAon	  CalculaAon	
The Astrophysical Journal, 742:70 (11pp), 2011 December 1 Imada et al.

Figure 2. Example of time-dependent ionization in magnetic reconnection (Run1). Time starts from shock crossing. The calculation was carried out in the plasma
comoving frame.
(A color version of this figure is available in the online journal.)

Table 1
Slow-Mode Shock Jump Conditions

Run N1 T1 θ1 β1 Vin γ B1 N2 T2 θ2 Vout

1 109 1.5 85 0.02 137 5/3 22.8 2.45 × 109 31.3 5.2 1560
2 1010 1.5 85 0.02 137 5/3 72.1 2.45 × 1010 31.3 5.2 1560
3 108 1.5 85 0.02 137 5/3 7.2 2.45 × 108 31.3 5.2 1560
4 109 15 85 0.8 68 1.01 11.4 2.22 × 109 15.2 5.2 780

Notes. N1, T1, θ1, β1, Vin, γ , B1, N2, T2, θ2, and Vout are upstream density (cm−3),
upstream temperature (MK), upstream shock angle (degree), upstream plasma
beta, inflow velocity (km s−1), specific heat ratio, upstream magnetic field (G),
downstream density (cm−3), downstream temperature (MK), downstream shock
angle (degree), and outflow velocity (km s−1), respectively.

thermal conduction effect with Run4. In Run1, we assumed that
the upstream density, temperature, shock angle, plasma beta,
inflow velocity, and specific heat ratio are 109 cm−3, 1.5 MK,
85◦, 0.02, 137 km s−1, and 5/3, respectively. These are normal
values for ambient plasma in the solar corona. The other values
in Run1 were derived from Rankine–Hugoniot relations. The
electron densities in Run2 and Run3 are different from Run1.
Most of the other values are the same as Run1. In Run4 we
simulated the isothermal shock condition by setting γ ∼ 1.
The plasma beta in Run4 is 40 times larger than in Run1,
because temperature in the upstream region is increased by
thermal conduction. Although the other values in Run4 are also
different from Run1, these values are normal values observed in
solar flares.

2.2. Non-equilibrium of Ionization

To study the effect of transient ionization on magnetic
reconnection, we have calculated the time evolution of ion
charge states. There are many kinds of atomic species in solar
corona, and they mainly radiate line emission in the ultraviolet
wavelength range by the bound–bound process. The most
dominant element for radiation is iron at coronal temperatures
(a few MK); thus, most of the radiative energy loss is from
iron line emission. Further, the recent space telescopes such as
Hinode/EIS or SDO/Atmospheric Imaging Assembly mainly
observe the emission lines from iron (e.g., Fe ix 171 Å or
Fe xii 195 Å). Therefore, we concentrated on the time-dependent
ionization of iron in this paper.

The continuity equations for iron are expressed as follows:

∂nFe
i

∂t
+ ∇ · nFe

i v = ne

[
nFe

i+1α
Fe
i+1 + nFe

i−1S
Fe
i−1 − nFe

i

(
αFe

i + SFe
i

)]
,

(5)
where nFe

i is the number density of the ith charge state of the
iron, αFe

i represents the collisional and dielectronic recombina-
tion coefficients, and SFe

i represents the collisional ionization
coefficients. The ionization and recombination rates were cal-
culated using the work of Arnaud & Rothenflug (1985), Arnaud
& Raymond (1992), and Mazzotta et al. (1998). Here we as-
sumed that all ions and electrons have the same flow speed and
temperature in the same upstream location. Note that the ions
just across the slow-mode shocks still have the charge state dis-
tributed at the coronal temperature, although the temperature has
already jumped up to the downstream value (T2). The ioniza-
tion and recombination coefficients (α and S) strongly depend
on temperature and weakly depend on density. The timescale
for ionization and recombination is proportional to n−1

e (see
Equation (5)).

We examined the time-dependent ionization calculation in
the magnetic reconnection region with the assumption that
plasma does not mix with the plasma coming from the other
slow-mode shock crossings, the “stream line model” (see Ko
et al. 2010). The typical outflow velocity in our calculation
is roughly 1500 km s−1, and iron thermal velocity at T =
31.3 MK is roughly 100 km s−1. It seems that the plasma
mixing for iron along the magnetic field line is small, because
the thermal velocity of iron is small compared with outflow
velocity. Figure 2 shows an example of our time-dependent
ionization calculation (Run1) in the magnetic reconnection
region. The plasma conditions are given in Table 1. The
calculation was carried out in the plasma comoving frame.
The horizontal axis shows the time from crossing the slow-
mode shock, and the vertical axis shows the ionic fraction
of iron. Because we assumed that the ions are initially in
ionization equilibrium (T1 = 1.5 MK), Fe xiii is dominant
at t ∼ 0 in Figure 2. After crossing the slow-mode shock,
plasma rapidly ionizes by collisions with the hot electrons (T2 =
31.3 MK), and Fe xxv dominates after 100 s from the slow-
mode shock crossing. Roughly speaking, ionization equilibrium
is accomplished within 103 s in the case in which upstream
electron density is 109 cm−3. In the case where the upstream
electron density (N1) is equal to 1010(Run2)/108(Run3) cm−3,

3

Initial : Ionization Equilibrium 
Te: 1.5 MK à 31.3 MK @ t=0 
Ne: 2.45 x 10^9 /cc	



How	  to	  diagnose	  MRX	  region?	
Ionization process with line spectroscopy 

Imada et al., 2011 ApJ 
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Spatial resolution is enough to resolve. 

Fast scanning (<Alfven time~100s)           
with high throughput spectrometer. 
Wide temperature coverage. 

Diagnose velocity, temperature, density 
with spectroscopic observation! 

Scanning time <100s 



How	  to	  diagnose	  MRX	  region?	

80sec:L3	10sec:L2	
1sec:L1	

Density:	  Line	  raAo	  	  
(L2-‐L1)/9=v1	  
(L3-‐L2)/70=v2	  
Assume	  V1~V2	  
Te	  and	  V	  can	  be	  inverted.	



Sweet-‐Parker	  .vs.	  Petschek	  RX	  	

Sweet-Parker like RX 

Petschek RX 

Heating is localized  

inside CS 

Heating region is larger  

by Slow-mode Shock etc. 

FIG. 1.—Two-dimensional distributions at t 5 16 of temperature (color map), magnetic field lines (solid lines), and velocity vectors (arrows) for the case without
heat conduction (upper panel) and for the case with heat conduction (lower panel). The levels of the color map are shown to the right. The unit of velocity vectors
is shown at the top right of the figure, whose size is V 5 5.0 in units of the initial sound velocity. The unit of length is the initial half-thickness of the current sheet.
The dimensional units of the length, the temperature, and the density are, respectively, d 5 109 cm, T 5 4 3 106 K, and nnormal 5 2 3 109 cm23 . The initial plasma
beta is b 5 0.03, and the Alfvén velocity is VA 2 6.5 2 1500 km s21 .

YOKOYAMA & SHIBATA (see 474, L62)

PLATE L8

tends to settles down to a plateau, until about t!9. At this
stage of the third nonlinear phase, some of the small islands
produced by the secondary instability coalesce to form larger
islands that are convected toward the boundaries. "If the is-
lands grow to large size but are constrained to stay fixed at
the center of the computational domain by reason of symme-
tries imposed in the simulations, the third nonlinear phase
may be short-lived, and the reconnection rate may fall rap-
idly.# At about this point in time, the extended current sheet
shows yet another burst of secondary tearing activity produc-
ing multiple plasmoids, and a consequent enhancement in the
reconnection rate, which at about t!12 attains nearly an

order of magnitude higher than the Sweet–Parker rate at this
value of SL. Due to insufficient spatial resolution, caused by
the slow drift of the current sheet away from the region
where the grid points along z are clustered, we are not able to
carry these simulations forward longer in time.

The plasmoid instability of Sweet–Parker sheets occurs
after SL exceeds a critical value, determined numerically to
be approximately 3!104 in the present study. Like the black
curve, the blue dashed curve in Fig. 2 corresponds to another
value of SL "=2.51!105# above the threshold and shows
generically similar behavior, while the red dashed curve cor-
responds to a value "=3.14!104# at about the threshold. We

FIG. 1. "Color online# Time-sequence of the nonlinear evolution of the current density Jy of a Sweet–Parker current sheet in a large system of Lundquist
number SL=6.28!105. The black lines represent surfaces of constant ".

112102-3 Fast reconnection in high-Lundquist-number plasmas… Phys. Plasmas 16, 112102 !2009"

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
133.47.145.22 On: Sun, 03 Aug 2014 04:20:26

Bhattacharjee+, 2009 

Yokoyama&Shibata, 1997 



まとめ	
•  Solar-‐Cでは格段にeffecAve	  area	  が大きくなる	  
•  高時間分解能で観測が可能になる	  
•  多波長での分光観測	  
•  迷光・散乱光等のノイズを極力軽減	  

•  電離過程から加熱の履歴（時間）を診断する事
を目指す	  

•  Forward	  modeling	  または	  inversionから短い時間
スケールの現象を診断可能に！	



Part2	  
HD、MHD	  

One,	  or	  Two	  fluid？	

Part1	  
IonizaAon	

Part3	  
RadiaAon	

IonizaAon	
Rad.	

T、V、N、fields	

Obs.	
Rad.	  E.	  loss	

T、V、N、fields	

IonizaAon	
Rad.	Obs.	 Rad.	  E.	  loss	

T, N, V	

Ionization	

T, N, V	
Ionization	

Strategy	  to	  solve	



電離非平衡計算結果	

FeXII	

FeXXI	

FeXV	

FeXXIV	

初期条件：電離平衡	
点線：電離平衡	  
実線：電離非平衡	  



RX	  2D	  calculaAon	  +	  
Time	  dependent	  ionizaAon	

MHD	 Ionization	

Ne	

Te	

Vx	

Vz	

FeXII	

FeXVII	

FeXXI	

FeXXVI	

We have to improve our code in some points  
(e.g., numerical diffusion). 



Coronal	  HeaAng	  :ObservaAon	  
Ion	  Temperature	

Imada et al., APJL 2009 



彩層蒸発計算	  CANS	

パラメータ 変数 無次元値 有次元値
ループ半長 L 130 26000 km
遷移層高さ xtr 12.5 2500 km
コロナ温度 Tcor 200 2 MK
フレア加熱 Hf0 5 × 10−4 3 erg cm−3 s−1

フレア範囲 wf 30 6000 km
フレア時間 τf 12 240 s
熱伝導強度 κ0 3 × 10−11 10−6 cgs
冷却強度 Λ0 109 8 × 10−22erg s−1 cm3

冷却基準温度 Tcl 20 2 × 105 K
冷却臨界密度 ncl 10−5 1012 cm−3

光球温度 T0 1 104 K
光球密度 ρ0 1 1017 cm−3

光球圧力スケール長 H0 1 200 km
光球音速 CS0 1 10 km/s
光球音波横断時間 τ0 ≡ H0/CS0 1 20 s
光球重力 g0 1/γ 270 m/s2

熱伝導時間 τκ ∝ ρ0H2/(κ0T
5/2
0 ) 3 × 1010

冷却時間 τΛ ∝ Tcl/(ρ0Λ0) 2 × 10−8

表 1: パラメータと無次元化単位

4

HYDRODYNAMIC MODELING OF SOLAR FLARE LOOPS 427

FIG. 1.ÈSchematic pictures of the CSHKP-type reconnection model for Ñares. As magnetic reconnection proceeds, open coronal magnetic Ðeld lines
reconnect to close and accumulate on the lower-lying closed loops. As the X-point (or line), where reconnection occurs, re-forms at higher altitude, the height
of the closed loops increases. The total energy release rate and duration are determined by the reconnection rate and magnetic conÐgurations. The pair of
small hatched regions in each closed loop represent the heat conduction front, which descends toward the lower corona.

circular shape with a constant cross section. The half-length
of the ith loop, increases linearly with i :L

i
, L

1
\ 2 ] 104

km for the innermost loop (loop 1), and kmL
9
\ 3 ] 104

for the outermost (loop 9). The width of each loop is set to
be 800 km, so that there are no gaps or overlap between the
neighboring loops. Each loop is taken to have an inÐnitely
strong magnetic Ðeld, so that the plasma moves and the
heat Ñows freely along each loop while energy and mass
transport across loops is strongly inhibited. Although sim-
pliÐed, these assumptions are reasonable if the surrounding
magnetic pressure is everywhere much stronger than the gas
pressure inside each loop during Ñares. Assuming symmetry
about the loop top and a fully ionized atmosphere for tem-
peratures higher than 4 ] 104 K, we calculate the dynamics
in only half of each loop individually using a 1D-HD code.
For simplicity, the ions consist of only protons, though
other elements are included in evaluating radiative losses.
We use a single-Ñuid description, i.e., electrons and ions
have the same temperatures and bulk velocities. This is
correct when the collision time for momentum exchange
between electrons and protons is very much shorter than
the hydrodynamic timescale, 10È100 s (see Table 1 in

& CanÐeld Plasma viscosity is ignoredMcClymont 1983).
in all our calculations (for e†ects of the plasma viscosity, see

& RealePeres 1993a).

FIG. 2.ÈMultiple-loop conÐguration in our pseudo-2D model. We use
nine loops, with half-length L ranging from 2 ] 104 to 3 ] 104 km.

The equations of mass, momentum, and energy conserva-
tion in Eulerian form are

Lo
Lt

]
L
Ls

(ov) \ 0 , (1)

L
Lt

(ov) ]
L
Ls

(ov2) \ [og
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[
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, (2)
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[(E] P)v]] og
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[ R] H , (3)

where

P\ nk
B
T , E\

1
2

ov2]
P

c[ 1
, (4)

in cgs units. Here s is the distance along a loop from its base,
o is the total mass density, is the total particlen \ n

e
] n

pnumber density and are the electron and proton(n
e

n
pnumber density, respectively ; is assumed ton

e
\ n

p
\o/m

satisfy plasma neutrality, where m is the proton mass), v is
the Ñuid velocity, P is the total gas pressure, E is the sum of
the kinetic energy and the internal energy per unit volume,
T is the plasma temperature, is the acceleration of solarg

Agravity along the loop, is the Boltzmann constant, and ck
Bis the ratio of speciÐc heats for a monatomic ideal gas, taken

to be 5/3. Heat conduction along the loop is primarily by
electrons, and the classical conductivity for a fully ionized
hydrogen plasma is used :(Spitzer 1962)

i
A

\ i
0
T 5@2 , (5)

where is 9 ] 10~7 in cgs units. R is the radiative lossi
0rate ; for plasmas with T [ 4 ] 104 K (above the lower

transition region), it is given by

R(s, t) \ n
e
n
p
Q(T ) \ 1

4
n2Q(T ) , (6)

where Q(T ) is the radiative loss function for an optically
thin plasma. We used an analytic approximation,
Q(T ) \ sT a, with the temperature variation given by the
piecewise constants s(T ) and a(T ) listed in Table 1 (Hildner

26Mm	  



彩層蒸発計算（CANS-‐1DHD）	



開始から２０秒後	

FeXII	 FeXV	

FeXXI	 FeXXVI	

Density	

Velocity	

まだFeXXIVはできていない	まだFeXXIもまだ平衡でない	

コロナ温度の鉄もまだ平衡でない	



鉄イオン別の上下フラックス	

FeXII	  Blue	 FeXII	  Red	

FeXV	  Blue	 FeXV	  Red	

FeXXI	  Blue	 FeXXI	  Red	

FeXXIV	  Blue	 FeXXIV	  Red	

Upward	 Downward	
初期条件：電離平衡	 点線：電離平衡	  

実線：電離非平衡	  



開始から17秒後	

FeXII	  Blue	 FeXII	  Red	

FeXV	  Blue	 FeXV	  Red	

FeXXI	  Blue	 FeXXI	  Red	

FeXXIV	  Blue	 FeXXIV	  Red	

Upward	 Downward	

FeXVで下降流が出ている	  
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まとめと今後の展望	

•  電離非平衡＋彩層蒸発（１DHD）の計算は可能
になった	  

•  近年のEISの分光観測によってFeXV等で
impulsive	  phaseに〜５０km/sec程度の下降流が
観測されている	  

•  電離非平衡計算＋流体計算によって再現を試
みた結果、FeXVで下降流を作る事は可能たが、
定量的には説明困難	  

•  熱伝導速度飽和やエネルギーインプットの仕方
の違い等の可能性も考える必要が	  

•  Solar-‐Cに向けて、Forwardモデリングを完成させ、
フレアでのエネルギー解放を議論できるように	


