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HINODE	
  SpacecraE	
  
•  HINODE	
  (which	
  was	
  called	
  

SOLAR-­‐B	
  before	
  launch)	
  was	
  
successfully	
  launched	
  on	
  23	
  
Sep,	
  2006.	
  

•  ObservaRons	
  started	
  from	
  
the	
  beginning	
  of	
  Nov	
  2006.	
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The	
  Instrument	
  

•  Wavelength bands 
170Å-210Å 
250Å-290Å 

•  Slits & slots 
1”, 2”, 40”, and 266” 

•  High resolutions 
0.0223Å/pixel &  1”/pixel 

•  High throughput 
Minimum number of reflection 
Multi-layer coating of the mirror 
èSuitable for transient phenomena 
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If	
  you	
  are	
  beginner	
  of	
  line	
  spectroscopy,	
  
imagine	
  velocity	
  distribuRon	
  funcRon!	
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Young et al (2007)‏ 

Cold	
  lines	
  <	
  1MK	
  

HeII:	
  256.3	
  A	
  (T=4.9)	
  

OV:	
  192.9	
  A	
  (T=5.4)	
  

MgV:	
  276.6	
  A	
  (T=5.4)	
  

FeVIII:	
  185.1	
  A	
  (T=5.6)	
  

MgVI:	
  269.0A	
  (T=5.6)	
  

MgVII:278.4A(T=5.8)	
  

SiVII:275.4A(T=5.8)	
  

FeX:184.5A(T=6.0)	
  



Hot	
  lines	
  >1MK	
  

FeXI:	
  188.2	
  A	
  (T=6.1)	
  

SiX:	
  261.0	
  A	
  (T=6.1)	
  

FeXII:	
  195.1	
  A	
  (T=6.1)	
  

FeXIII:	
  202.0	
  A	
  (T=6.2)	
  

FeXIV:	
  264.8A	
  (T=6.3)	
  

FeXV:284.2A(T=6.3)	
  

FeXVI:263.0A(T=6.4)	
  



Why	
  we	
  can	
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  temperature?	

Because	
  of	
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  ionizaRon!	
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AcRve	
  Region	
  

Multi-Temperature Structure of active region.‏ 
One may find that High-Temperature loops are  
wider than Low-Temperature loops!! 

0.8 MK‏ 

2.5 MK‏ 
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Emission	
  Measure	
  

Watanabe et al (2007)‏ 

QUIET SUN‏ 

Active Region‏ 
Flare 



ＥＩＴ　（FeXII	
  195A）	


There	
  is	
  Semi-­‐Coronal	
  hole.	
  

EIT	
  wave	
  was	
  observed	
  associate	
  with	
  Flare.	
  	
  

Plage	
  region	
  get	
  darker	
  associate	
  with	
  EIT	
  wave	
  and	
  some	
  
recovery	
  can	
  be	
  observed.	
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Ion Temperature	


Imada et al., APJL 2009 



Density	
  DiagnosRcs	
  capability	

S860 P. R. Young et al. [Vol. 59,

Fig. 3. Recommended density diagnostic emission line ratios discussed in the text. Plots derived using atomic data and software from v.5.2 of the
CHIANTI atomic database. Note that the other recommended diagnostic — Mg VII !280.78/!278.39 — is presented in Young et al. (2007).

contaminates the !185.21 line. The Fe VIII lines show density
sensitivity below 108 cm!3 and so are not generally useful;
the !186.60/!185.21 ratio is the best diagnostic in these
conditions, however.

An important point to note about Fe VIII is that it seems to be
formed at logT = 5.8 rather than the temperature of logT = 5.6
predicted by Mazzotta et al. (1998). This is discussed further
in Young et al. (2007).

3.2. Fe X

The strongest Fe X lines observed by EIS are at 184.54,
190.04, and 257.26 Å (the latter actually a self-blend of two
lines). !184.54 and !190.04 are comparable in strength in
terms of DN. !190.04 is partly blended with an unknown
line at around 189.94 Å which seems to be formed around
log T = 5.8–5.9. The !190.04/!184.54 ratio is insensitive to
density, but !257.26 is sensitive to density when taken relative
to either !190.04 or !184.54. The !257.26/!184.54 ratio is
recommended and shown in figure 3. !257.26 is in a crowded
part of the spectrum and a large wavelength window (at least
50 pixels) is required to obtain a good estimate of the spectrum
background.

3.3. Fe XI

Fe XI is a very complex ion and even line identifications of
strong lines are uncertain. Improvements in computing power
and techniques should yield accurate atomic data in the near
future, and work is underway by P. J. Storey in collaboration
with some of the present authors.

The strongest Fe XI lines observed by EIS are partly blended
with each other and found at 188.23 and 188.30 Å. Although
the identification of !188.30 is uncertain, the !188.23/!188.30
ratio is found to be nearly constant in the EIS data with a ratio
of around 0.7, suggesting they are from the same ion. We
believe the 3s23p4 3P2;1 – 3s23p3(2D)3d 3P o

2 transitions give
rise to !188.23 and another line at 192.83 Å, respectively. This
latter line provides a component to the complex blend at this
wavelength which is discussed further in subsections 4.2 and
7.4.

The Fe XI lines at 180.40 and 182.16 Å are well identified
and density sensitive relative to each other, but the EA is low
in this region. The !182.16/!188.23 density sensitive ratio is
preferred (figure 3), with the proviso that the !188.23 transition
identification is uncertain.

3.4. Fe XII

Many discrepancies between theory and observations for
Fe XII have been resolved recently following a new atomic

Downloaded from https://academic.oup.com/pasj/article-abstract/59/sp3/S857/1406619
by Nagoya University user
on 26 February 2018
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in others (Gabriel et al. 2003). For the slow solar wind, Hinode/XRT and Hinode/EIS have revealed 
the presence of persistent flows (V ~ a few 10 km/s, T ~ a few MK) at the edges of ARs (e.g., 
Sakao et al. 2007) (size of AR ~ 280×280 arcsec2), which show the same compositional signature 
as the slow wind observed at Earth (Brooks & Warren 2011).  On the other hand, streamers in the 
higher corona have also been proposed as one of the slow solar wind sources as a result of far off-
limb observations (e.g., Raymond et al. 1997). So far, compelling observational evidence that 
definitively identifies the source regions of the solar wind is still controversial, but it could be that a 
combination of lower atmospheric sources (such as AR outflows) and higher altitude sources (such 
as streamers) together provide the total mass flux of the slow wind (Brooks et al. 2015, Figure 
5.4a). 

 
Therefore, the first observing task (I-4-1) for the solar wind study is to diagnose the plasma 
properties in these regions and clarify the source regions, their contributions, and the relationships 
with magnetic structures. One difficulty in analyzing the source regions of the solar wind is that a 
longer temporal cadence (~hours) is needed to observe faint structures (such as coronal holes and 
AR boundaries). The throughput improvement of at least one order of magnitude by Solar-
C_EUVST will allow us to approach the timescales of their evolution (a few to several minutes). 
Also, rolling the spacecraft by 90° will greatly reduce the scanning time for the equatorial limb 
observations. Regarding the relationship between the solar wind source region and magnetic field 

 
Figure 5.4: (a) Left) Plasma properties in solar wind source regions and their relationship with magnetic fields 
(Brooks et al. 2015). Left) full-Sun AIA 193Å composite intensity image (blue) with solar wind source regions (red 
and green), which is identified by abundance. Center) Overlay of magnetic field lines from the potential field 
extrapolation calculation on the Fe XIII 202.044  Å Doppler velocity map from Hinode/EIS. Right) Percentage of 
total mass flux as a function of magnetic field line-starting latitude (red). The vertical blue lines on the left and right 
side mark the latitude of 11° and 40°. (b) Signatures of Alfvén waves in plumes and inter-plumes. Left) Plume and 
inter-plume observed by multiple telescopes (Teriaca et al. 2003). Center) Slit positions of Hinode/EIS for the 
observation of the right panel overlaid on the SoHO/EIT 195 Å image. Right) off-limb observation of the non-
thermal velocity (Vnt) from the strongest observed lines (symbols). The dashed line gives the predicted trend, 
proportional to the electron density n as n-1/4, for undamped waves. The observed behavior of Vnt may be considered 
as a damping signature of Alfvén waves (Hahn and Savin 2013). 

Brooks	
  et	
  al.	
  2015	


Teriaca	
  et	
  al.	
  2003	
 Hahn	
  &	
  Savin	
  2013	




AR	
  footpoint	


More in general, the connectivity of the solar 
atmosphere is still debated. It is long known that 
the transition region radiates much more energy 
than can be accounted for by conduction from 
the hot corona. This has led to the suggestion 
that emission at transition region temperatures 
is dominated by closed, relatively cool, struc-
tures that do not reach coronal temperatures 
even at their top and may imply that different 
heating mechanisms may be active in different 
regions of the solar atmosphere.

EUVST will measure the thermodynamic state 
of the plasma (its motions, density, temperature, 
turbulence, and abundances) that fills magnetic 
structures. It will help determine the topology 
and morphology of the magnetic structures by 

providing input for the next-generation mag-
netic field extrapolation techniques, which will 
include non-magnetic forces (Wiegelmann & 
Neukirch 2006). This implies a field of view 
large enough to encompass at least both main 
polarities of the active region and the associated 
loop system.

3.1.2 Energy transport and release
The possible mechanisms producing the hot and 
tenuous plasma making up the solar corona are 
still debated. The traditional view is that energy 
release occurs in the corona itself, probably in 
an impulsive fashion by a reconnection process 
or by wave dissipation in thin, rapidly evolving 

Figure 3.1: Changes of morphology (top) and associated flow patterns (bottom) with temperature in the corona of an 
Active Region. The logarithm of the line formation temperature is given in each panel under the line identification. The bright 
fan loops that are bright in Fe VIII and Si VII are dominated by inflows while outflows are observed at higher temperatures. 
Note that Fe VIII 185.213 Å is blended with a weak Ni XVI line, which influences the velocity measurements in the high 
temperature core of the active region. The observed changes are already substantial within coronal temperatures but EIS 
does not provide sufficient information in the chromosphere and transition region as well as at temperatures above 5.6 MK 
(Ca XVII) missing large part of the atmosphere.

3

3. EUV/FUV High-Throughput Spectroscopic Telescope (EUVST)

Warren	
  et	
  al.	
  2011	
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Figure 2. A series of AIA 193 Å images for the flare. This sequence shows the eruption of the filament and the formation of a linear, current-
sheet-like feature behind the cavity. AIA 193 Å includes contributions from Fe XII and Fe XXIV and shows both the million degree corona
and high temperature emission from the flare. The field of view shown here is 268′′ × 166

′′ centered at (1068′′ , -143′′). Note that these are
composite images constructed from combining long and short exposure time images. The boundary between the two can be seen in many of
the images. The wedge pattern seen in many of the images is the diffraction of emission from the brightest part of the flare off of the mesh
supporting the front entrance filters.

continuously run an observing sequence that saved 15 spec-

tral windows over a field of 240′′ × 304′′ using the 2′′ slit

and 3′′ steps between exposures. The exposure time at each

position was fixed at 5 s and the total time for each raster

was 535 s. The sequence used to observe this flare began at

05:44 on September 10, 2017 and ended at 16:53, just af-

ter the peak of the event. Observations resumed at 18:33

in a “flare hunting” mode where EIS executed a very low

telemetry study until a flare was detected by the Hinode X-

Ray Telescope (XRT; Golub et al. 2007) and then branched

to the high telemetry raster. These observations from late in

the flare will be discussed in a separate paper.

All of the EIS level0 data from this time were processed

using eis_prepwith the default settings. We fit each spec-

tral feature of interest in each raster with a Gaussian. There

are approximately 30 emission lines available in these ob-

servations. Of primary interest here are Fe XXIV 192.04 Å,

255.10 Å and Fe XXIII 263.76 Å. As we will show, the tem-

peratures in the current sheet are relatively high and the cur-

rent sheet is not observed in the lower temperature emission

lines, such as Ca XVII 192.858 Å.

Since the exposure time is fixed, the brightest features near

the peak of the flare are saturated. This is common for the

Fe XXIV 192.04 Å line, which occurs near the peak effec-
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Plasma blob
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Sheet structure

Plasma ejection

Fig. 2.— Closeup images of the reconnection site in six different wavelengths (171, 193, 211,
335, 94 and 131 Å) of AIA at the time when the current sheet, the plasma blob and the hot
post flare loops are observed. White solid lines indicate the solar limb.

10”�

Sheet structure Sheet structure

(A) Sheet structure without islands (B) Sheet structure with islands

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

by far larger than 104, this could be considered as quite a
generic scenario of fast reconnection.16 However, many
details of the underlying multiple-plasmoid process still
remain controversial. Thus, the objective of our paper is to
elucidate the issue of fast MHD reconnection by revealing
the small-scale mechanism of its working.

We performed two-dimensional resistive MHD simula-
tion of reconnection in an anti-parallel magnetic field config-
uration of the Harris current sheet.17 We solved the standard
set of compressible resistive MHD equation, where viscosity
and thermal conductivity are ignored. The initial magnetic
field is given by ~B ¼ ½B0tanhðz=L0Þ; 0; 0% (L0 is the current
sheet half-thickness). The size of the simulation box, which
is 0L0 < x < 600L0; 0L0 < z < 25L0, is set to be large
enough for allowing nonlinear evolution and motion of plas-
moids with a little effect of boundaries. Assuming symmetry,
only the upper half of the system is followed in computation.
Reconnection is triggered by a small initial magnetic field
perturbation, which is localized at the center, 275L0 < x
< 325L0. In order to resolve fine structure of the current
sheet and plasmoids, we used a refined grid size that is
almost uniform within the domain 220 < x < 380; z < 0:8
but gradually stretches toward the boundaries. The boundary
conditions are as follows: a conducting wall at the top
boundary, and mirror symmetry at all others. A typical
spatial resolution for the case of the Lundquist number S0

¼ L0VA0=g ¼ 104 is Dx ¼ 9& 10'3L0;Dz ¼ 8& 10'4L0 at
the center of current sheet. The numerical code is based on
the Harten–Lax–van Leer Discontinuities (HLLD) scheme,
which is able to resolve MHD shocks.18 The divergence-free
property of magnetic field is controlled by the HLL-flux-CT
(Harten-Lax-van Leer flux Constrainted Transport) method.19

Physical quantities are normalized as follows: length—
by L0, magnetic field strength—by B0, mass density—by q0,
a uniform density far from the current sheet. The magnetic
diffusivity g is assumed to be spatially uniform and not vary-
ing with time, and the plasma beta is b ¼ 0:2 in a uniform
plasma far from the current sheet. The presented below
results correspond to three particular values of the Lundquist
number: S0 ¼ 104; 105; and 106, all of which are above the
plasmoid instability threshold Sc. Aiming to clarify the mecha-
nism of fast reconnection, in this paper we concentrate mainly
on the case of S0 ¼ 104. Note that under the above given nor-
malization, the value of Lundquist number is defined by the
current sheet thickness. However, in all preceding studies of
the plasmoid instability,10–14 the current sheet length rather
than its thickness is used as a scale length. Therefore, in order
to make a proper comparison, one should re-calculate the
Lundquist number accordingly. Thus, our case of S0 ¼ 104,
where the current sheet length is about 100L0, corresponds to
S ¼ 106 for the simulations reported in Refs. 11–14.

The normalized reconnection rate (Fig. 1) is defined as
the time derivative of the reconnected magnetic flux divided
by the product of the Alfven velocity and the horizontal
magnetic field (Bx) strength at the inflow boundary of diffu-
sion region. The reconnected flux is calculated as the differ-
ence between the maximum and the minimum values of the
magnetic flux function along the current sheet (line z ¼ 0 on
Fig. 2). The inflow boundary is assumed to be located above

the X-point, where the current density is one order of magni-
tude smaller than at the X-point itself. Such normalization of
the reconnection rate is necessary for a proper comparison
between the cases of a different Lundquist number.

Fig. 1 shows temporal evolution of the scaled reconnec-
tion rate for the cases of S0 ¼ 104; 105; and 106. Initially, at
t ( 200, the reconnection rate is slower for higher Lundquist
numbers. At this stage, an elongated Sweet-Parker type cur-
rent sheet is formed as shown in Fig. 2, which represents
temporal evolution of the magnetic field and the electric cur-
rent structure for the case of S0 ¼ 104. Then, as time pro-
gresses, the aspect ratio of the current sheet becomes too
large, and the sheet breaks up due to plasmoid instability
(t ) 400, panel (c)). After that, a further growth of plasmoids
increases the reconnection rate up to 0.01 at t ¼ 500' 600
(panels (d) and (e)).

FIG. 1. Temporal evolution of the normalized reconnection rate for different
values of the Lundquist number S0.

FIG. 2. Magnetic field (solid lines) and electric current density at various
stages of reconnection for S0 ¼ 104. (Multimedia view) [URL: http://
dx.doi.org/10.1063/1.4934652.1]

100706-2 Shibayama et al. Phys. Plasmas 22, 100706 (2015)

(D) Plasmoid-Unstable Reconnection
(C) Petschek Reconnection

slow-mode shock

fast-mode shock

Warren	
  et	
  al.,	
  2018	
 Takasao	
  et	
  al.,	
  2012	


Shibayama	
  et	
  al.,	
  2015	

Yokoyama	
  &	
  Shibata,	
  1997	
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spatial resolution. Because flares may be triggered by small-scale magnetic structures (e.g. Bamba 
et al. 2013), the triggering regions should also be inspected with high-resolution spectroscopy. The 
obtained data will be compared with numerical simulations to identify their MHD instability modes, 
which could lead to the ability to predict flares in the near future. 
 

 
3.2. Goals and objectives: new scientific steps the proposed concept aims to achieve in the 

science area 
提案するミッションコンセプトは当該分野になにをもたらそうとするのか 

 
In order to advance our understanding of the mysterious Sun, especially of the origin of the hot 
solar atmosphere and the occurrence of the solar flares, the Solar-C_EUVST mission concept 
tackles the scientific objectives in section 2 by taking the following unique approaches:  

A. To seamlessly observe all the temperature regimes of the atmosphere from the 
chromosphere to the corona simultaneously, 

B. To resolve elemental structures of the solar atmosphere and track their changes with 
sufficient cadence, and,   

C. To obtain spectroscopic information on dynamics of elementary processes taking place in 
the solar atmosphere.   

 
This mission concept provides a completely new set of spectroscopic tools to examine the solar 
atmosphere. The goals and objectives of this mission, together with a set of specific observing 
tasks, are described in the rest of this subsection. These shall be the significant steps toward the 
complete understanding of thermodynamics working in the Sun. 
 
 

 
Figure 3.2: Standard flare model (center: Tsuneta 1997) with observations and numerical simulations in each feature. 
(A) A numerical simulation of the reconnection region (Daughton et al. 2011). (B) Erupting plasmoid and 
reconnecting current sheet observed by SDO/AIA (Liu et al. 2013). (C) Downward flowing loop signatures above a 
flare loop (Imada et al. 2013). (D) Flare eruption in an AR with flare-triggering fields (Bamba et al. 2013). 
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