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SDO/HMI

活動領域はどのように作られる？
なぜ活動領域でフレアが発生する？



0. 自己紹介
• 鳥海 森（とりうみ しん）

• 経歴
• 2005- 東京大学 理学部 地球惑星物理学科
• 2009- 東京大学 大学院理学系研究科 地球惑星科学専攻 (横山研)
• [2014年3月学位取得]
• 2014- 国立天文台 太陽天体プラズマ研究部

• 専門
• 太陽物理学
• 特に活動領域形成理論・フレア発生理論

• 所属学会
• 日本天文学会、日本地球惑星科学連合

• 趣味・特技
• 合気道・剣術



ダイナモ

1. イントロダクション
• 当該分野の位置づけ

• 各過程は独立ではなく、互いに密接に関連している
• 本来は広い枠組みで理解するべき

黒点

静穏領域
恒星黒点 恒星フレア

磁気リコネクション

コロナ質量放出 (CME)

宇宙天気
宇宙気候

磁気対流 活動領域 太陽フレア



1. イントロダクション
• 太陽物理学の歴史

• 17世紀初頭：科学的研究の幕開け
• 1609年ガリレオが望遠鏡で天体観測を開始

• 太陽には「黒点」が存在する
• 太陽表面の “暗い” 部分
• 黒点は太陽とともに動く
　→ 太陽は球形であり、自転する

• アリストテレス的価値観からの
脱却・地動説への転換

• この後も黒点観測は続けられた
1612年6月-7月の黒点スケッチ

(Rice Univ./Galileo Project)

ガリレオ・ガリレイ
（1564-1642）



1. イントロダクション
• 太陽物理学の歴史

• 17世紀初頭：科学的研究の幕開け
• 1843年：11年周期の発見

• シュワーベが発見。ウォルフがガリレオ観測まで遡って確認

8 David H. Hathaway

Monthly Averaged Sunspot Numbers
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Figure 2: Monthly averages of the daily International Sunspot Number. This illustrates the solar cycle
and shows that it varies in amplitude, shape, and length. Months with observations from every day are
shown in black. Months with 1 – 10 days of observation missing are shown in green. Months with 11 – 20
days of observation missing are shown in yellow. Months with more than 20 days of observation missing are
shown in red. [Missing days from 1818 to the present were obtained from the International daily sunspot
numbers. Missing days from 1750 to 1818 were obtained from the Group Sunspot Numbers and probably
represent an over estimate.]

Living Reviews in Solar Physics
http://www.livingreviews.org/lrsp-2010-1

西暦
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11年

• 周期の長さや黒点数にはバ
ラつきがある

• 黒点数のほか、太陽フレア
やオーロラの発生数も増減

• 現在は第24太陽周期
（2008年から）

Hathaway (2010)



1. イントロダクション
• 太陽物理学の歴史

• 17世紀初頭：科学的研究の幕開け
• 1843年：11年周期の発見
• 1859年：太陽フレアの発見

• キャリントンらがフレアを観測
• フレア = 電磁波の突発的増光
• CME = コロナ質量放出

• キャリントンは黒点の近くが
突然明るく輝くのを偶然に観
測した

• 現在までで「最大の」フレア
• ~X45, ~5×1032 erg (Cliver & 

Dietrich 2013)

1859年9月1日の太陽フレア (Carrington 1859)

増光部分



1. イントロダクション
• 太陽物理学の歴史

• 17世紀初頭：科学的研究の幕開け
• 1843年：11年周期の発見
• 1859年：太陽フレアの発見
• 1908年：黒点磁場の観測

• ヘールがゼーマン効果を利用し観測
• 磁場強度：数1000 ガウス
• 周囲のガス圧と圧力平衡
→ 磁場強度は恒星表面のガス圧で決まる



1. イントロダクション
• 太陽物理学における2つの手法

ひので (国立天文台/JAXA)

SDO (NASA)

• 観測データ解析
• 宇宙観測の時代：大気の影響を受けな
い。24時間観測も可能
• ロケット
• 宇宙ステーション
• 人工衛星

• 現在稼働中の太陽観測衛星
• ひので (国立天文台/JAXA)

• 高空間・時間分解能観測
• SDO (米国 NASA)

• 全面恒常観測
• ほか、全部で約10機が稼働中



1. イントロダクション
• 太陽物理学における2つの手法

• 数値シミュレーション
• 実験不可能なパラメータ・長時間発展が扱える
• 空間上の “すべての点” で物理量が測定できる

• 空間に格子 (メッシュ/グリッド) を取り、初期条件を各格子点上に与える
• 各格子点上で、周囲の格子点からの流入・流出を考慮し、差分化した
時間発展方程式を解くことで、次の時刻における物理量を求める
→ 全格子点について計算 → 時間積分を繰り返す

• 多くの場合、基礎方程式として磁気流体力学 (MHD) 方程式を用いる
• 流体方程式 ＋ Maxwell方程式



1. イントロダクション
• 太陽物理学における2つの手法

• 現代の太陽物理学では両者は「車の両輪」

ひので (国立天文台/JAXA)

SDO (NASA)

京 (理化学研究所)

アテルイ (国立天文台)

観測データ解析 数値シミュレーション

• 問題提起
• 観測的検証

• モデル提案
• 理論的予測



2. 活動領域形成
• 浮上磁場

• 光球表面の視線方向磁場（2010 Nov 27-Dec 01: AR 11130）
• 正負両極の微細な磁気要素が出現。同極どうしで合体し黒点に成長
• 太陽内部からの磁束浮上 →「浮上磁場」と呼ばれる

正極・負極の黒点ペア

~100 Mm

SDO/HMI



2. 活動領域形成
• 磁束の起源

• 太陽ダイナモ：古典的描像

• 対流層深部で太陽の差動回転によってポロイダル磁場が引き伸
ばされ、トロイダル磁場が形成される

• トロイダル磁場が磁気浮力を獲得し、表面へ浮上、活動領域を
形成する

4 DEUTSCHE PHYSIKALISCHE GESELLSCHAFT

Figure 1. Schematic of solar flux-transport dynamo processes. Red inner sphere
represents the Sun’s radiative core and blue mesh the solar surface. In between
is the solar convection zone where dynamo resides. (a) Shearing of poloidal field
by the Sun’s differential rotation near convection zone bottom. The Sun rotates
faster at the equator than the pole. (b) Toroidal field produced due to this shearing
by differential rotation. (c) When toroidal field is strong enough, buoyant loops
rise to the surface, twisting as they rise due to rotational influence. Sunspots (two
black dots) are formed from these loops. (d–f) Additional flux emerges (d, e)
and spreads (f) in latitude and longitude from decaying spots (as described in
figure 5 of Babcock 1961). (g) Meridional flow (yellow circulation with arrows)
carries surface magnetic flux poleward, causing polar fields to reverse. (h) Some
of this flux is then transported downward to the bottom and towards the equator.
These poloidal fields have sign opposite to those at the beginning of the sequence,
in (a). (i) This reversed poloidal flux is then sheared again near the bottom by
the differential rotation to produce the new toroidal field opposite in sign to that
shown in (b).

New Journal of Physics 9 (2007) 297 (http://www.njp.org/)

Dikpati & Gilman (2007)
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carries surface magnetic flux poleward, causing polar fields to reverse. (h) Some
of this flux is then transported downward to the bottom and towards the equator.
These poloidal fields have sign opposite to those at the beginning of the sequence,
in (a). (i) This reversed poloidal flux is then sheared again near the bottom by
the differential rotation to produce the new toroidal field opposite in sign to that
shown in (b).

New Journal of Physics 9 (2007) 297 (http://www.njp.org/)
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398 CORNELIS ZWAAN 

regions: nearly parallel to the equator (Weart, 1972; Frazier, 1972). These properties 
indicate that the emergence and initial growth of a new active region follow distinct 
patterns. For this, Zirin (1972) coined the term Emerging Flux Region (EFR). Such 
an EFR is bipolar; it stands out as an intruding feature that, at first, does not disturb 
the surrounding old magnetic structure, except for some pushing aside. EFR's range 
from small bipolar units, with a magnetic flux  9 < 1020 Mx, that do not develop beyond 
ephemeral active regions, to large bipoles ~ > 5 • 1021 Mx in which sunspots develop. 

The course of events suggests that an emerging flux region is caused by the emergence 
of the top of a loop bundle, shaped as a peaked arch, consisting of many magnetic flux 
tubes (Figure 1). In this way, magnetic flux may be inserted into the atmosphere at the 

/ \ I / \ I 
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I /' ~ / 
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Fig. 1. A model for the emergence of magnetic flux, separation of polarities and coalescence of sunspots. 
Broad arrows indicate local displacements of flux tubes. (Real emerging flux regions consist of many more 

separate flux loops.) 

observed large rates between about 4 x 1015 and 3 x 1016 Mx s -  1 (Mosher, 1977) 
through a small area. Zwaan (1978) pointed out that the observed properties of growing 
active regions refute the notion that some initially weak magnetic field already present 
in the atmosphere, may be concentrated into a strong field by convection in the top of 
the convection zone. The latter scenario has been advocated by Schmidt (1968) and 
Meyer et al. (1974), and was recently recapitulated by Priest (1984, Section 8.6.1). 

When examined closely, a large active region appears to be formed by contributions 

Zwaan (1985)

？



• 浮上磁場シミュレーション
• 深さ20 Mmからの磁束浮上

• 対流層＋光球＋コロナの3温度層を背景場として設定
• 対流層に磁束管を力学平衡を保つよう設置。密度擾乱によって磁気浮力
不安定をトリガし、自発的に浮上させる

• 無次元化量：H0=200 km、Cs0=8 km s-1、τ0=25 s、ρ0=1.4×10-7 g cm-3、
p0=9.0×104 dyn cm-2、T0=4000 K、B0=300 G

• 浮上磁場計算のレビューはCheung & Isobe (2014)など参照

2. 活動領域形成

ST & Yokoyama (2012)

x/H0

y/H0

z/H0



2. 活動領域形成
• 浮上磁場シミュレーション

• 深さ20 Mmからの磁束浮上

ST & Yokoyama
(2012)

磁場強度
log10 (|B|/B0)

← 太陽表面

← -20 Mm

z/H0



2. 活動領域形成
• 浮上磁場シミュレーション

• 深さ20 Mmからの磁束浮上
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• 浮上速度 ~1 km s-1

• 磁束管は光球に接近
すると一時減速

• 対流安定層である光
球の効果

ST & Yokoyama
(2012)
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2. 活動領域形成
• 日震学観測

• 日震学
• 太陽は対流によってつねに波動が励起されている。つまり、太
陽は絶えず振動している。周波数や波数の関数としての振動パ
ワー分布は振動体（＝太陽）の構造による。太陽表面における
振動場（とくに音波）を観測すれば内部構造を探査できる

• (局所)日震学のレビューはGizon (2005)を参照

国立天文台



2. 活動領域形成
• 日震学観測

• 本研究のアイディア
• 音波振動強度 V2 の測定
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• 日震学観測
• 浮上磁場検出

2. 活動領域形成

太陽表面磁場マップ →

表面下6層における
音波強度マップ

Toriumi+ (2013)



• 日震学観測
• 浮上磁場検出

• 各深度における音波振動の
減衰開始時刻のプロット

• ×は表面での磁場出現時刻
• 上昇＋減速の傾向を示す

• 上昇速度 ~1 km s-1

2. 活動領域形成
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• 日震学観測
• 浮上磁場検出

• 日震学による浮上磁場検出についてはIlonidis et al. (2011), Zharkov & 
Thompson (2008), Komm et al. (2008)など参照

2. 活動領域形成
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シミュレーション結果 観測結果



• シミュレーションと観測との比較
• 磁束浮上に対する新たな理論の提案

2. 活動領域形成

太陽表面

対流層

1. ダイナモにより磁束が形成
2. 対流層内部を浮上
3. 表面に到達する直前、一時的に停滞、
水平方向に膨張

4. 表面を突破し活動領域を形成



3. 太陽フレア
• フレア現象

• 突発的な電磁波の増光

Hinode/SOTSOHO/LASCO

CME



• フレア現象
• 太陽以外にもさまざまな天体に同様の現象が存在
→ 普遍的な現象

3. 太陽フレア

AA48CH08-Benz ARI 16 July 2010 20:21
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Figure 5
Radio contour maps of Algol in a flaring state, using very long baseline interferometry techniques at
8.4-GHz wavelength. The beam (indicating spatial resolution) is given in the lower left corner.
(a) Observation; (b) a gyrosynchrotron model. The two circles (in blue and red ) give the positions of the two
stars during the observation (from Peterson et al. 2010; reprinted by permission from Macmillan Publishers
Ltd).

In a new model of flare energy release, Fletcher & Hudson (2008) propose that the triggering
reconnection takes place in the corona, but launches an Alfvén wave into the chromosphere where
it accelerates particles.

In contrast, SXR images of large solar flares by the Yohkoh satellite suggest high-altitude re-
connection (McKenzie & Hudson 1999). A hot (107 K) thermal source was seen within the cusp
observed in CaXVII (Culhane et al. 2008). Coronal HXR sources, in addition to the footpoints in
the chromosphere, are well known (Frost & Dennis 1971, Masuda et al. 1994; Figure 3). Krucker
& Lin (2008) report an HXR component in 90% of the analyzed coronal sources. Coronal X-ray
sources have a nonthermal component that is usually softer than the nonthermal component of
the footpoints (Battaglia & Benz 2006). This is generally interpreted as the result of incomplete
slow down of the radiating electrons being accelerated in the coronal source and escaping before
thermalization (thin target). Petrosian, Donaghy & McTiernan (2002) propose that the coronal
source is the acceleration site, partially containing the electrons during acceleration by scattering
in wave turbulence.

An assessment of the magnetic geometry of flaring regions in late-type stars requires spatially
resolved observations. Radio VLBI provides the only means to perform direct imaging of coronal
sources. Large-scale radio-emitting coronae converging toward the magnetic poles have been
reported with sizes up to several times the active star (Mutel et al. 1985; Benz, Conway & Güdel
1998). Figure 5 shows the two footpoints of a flare loop of the K2IV star (Algol B, larger red circle)
in the Algol binary system (distance 27 pc). Two bright sources are located near the poles of the
active star. The modeled loop reaches a height of 2–4 stellar radii. Observations at other orbital
phases indicate that the flare loops generally extend toward the expected circumstellar disk of the
primary B star (Peterson et al. 2010). If the magnetic fields indeed attach to the expected disk of the
primary, they will be subject to shearing motion that could trigger the flare seen in this observation.

250 Benz · Güdel
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Figure 18
Plasmoid ejection after
magnetic field
disruption as a
consequence of twisted
magnetic fields (black
curves) between star
and disk. The color
shows temperature (in
units of 1/3 initial
coronal temperature)
as coded in the bar at
upper right. The
spatial dimensions are
given in units of the
radius at disk pressure
maximum. Arrows
indicate direction and
magnitude of flow
velocity. The velocity
unit is defined by the
orbital velocity at disk
maximum pressure and
indicated by an arrow
at the top right. Time
is given in units of
orbital period at the
radius of disk pressure
maximum (from a
simulation by Hayashi,
Shibata & Matsumoto
1996, reproduced by
permission of the
AAS).

observed long timescales. The involved magnetic structures may reach out to the inner border
of the circumstellar disk as inferred from simple estimates and scaling laws (Grosso et al. 1997,
Favata et al. 2005) and radio observations as discussed in Section 4.1. In other words, star-disk
magnetic fields may be a place of energy release by magnetic reconnection as discussed in Sections
4.1 and 5.2 (Figure 18). Loop heights inferred from simple scaling laws indeed appear to be
bounded by the corotation radius in disk-surrounded stars (i.e., the inner disk radius), different
from diskless systems (Getman et al. 2008). In a contrasting view, however, Imanishi et al. (2003)
inferred flaring sizes of order of the stellar radius based on MHD considerations, both for T Tauri
stars and protostars.

Hydrodynamic simulations of flares occurring in star-disk magnetic loops suggest that evap-
oration is driven from both the stellar chromosphere/transition region and the disk surface

276 Benz · Güdel
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• 太陽フレア
B~100 G
L~104-105 km
Emag~1029-1032 erg

• 恒星フレア
B~100 G
L~105-106 km
Emag~1032-1035 erg

• 原始星フレア
B~100 G
L>106 km
Emag>1035 erg

Yohkoh/SXT Peterson+ (2010) Hayashi+ (1996)



• フレア現象
• 「磁気リコネクション」を通じた磁気エネルギーの解放過程
• 解放エネルギー ＝ 実際の磁気エネルギー ー 最低の磁気エネルギー

3. 太陽フレア

標準モデル：Shibata+ (1995)
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Figure 13
Various large-scale
geometries leading to
reconnection. The
driving forces are
marked by arrows and
reconnection sites by
red dots. Large
erupting flares are
often surmised to
result from a magnetic
cusp (a). The emerging
flux scenario (b) may
apply to smaller events
in the low corona.
Interchange
reconnection (c) is
associated with flares
at high altitude,
leading to
interplanerary particle
events. Magnetic shear
(d ) may be the cause of
two-ribbon flares,
where the footpoints
form two parallel
strands. Reconnection
of twists (e) releases
energy in loops. In the
star-disk interaction
( f ), reconnection
releases energy
build-up by stellar
rotation.

arcade is sheared and magnetic energy builds up in the corona (Figure 13d ). This energy may
lead to a large flare characterized by two bright ribbons in the chromospheric Hα line or EUV
emissions from the transition region.

Braiding field lines by footpoint rotation have been proposed by Parker (1988) to cause oppo-
sitely polarized components in field lines and tiny reconnections (nanoflares) in stationary loops
(Figure 13e).

Young low-mass stars are strongly magnetized and interact with circumstellar disks through
a corotating corona, usually envisioned in terms of a dipolar magnetosphere. Marginal evidence
for magnetospheres reaching out to the inner border of circumstellar disks comes from radio
VLBI observations, in particular of the southern component of T Tau Sb. A source diameter of
0.07 AU or 15 R∗ was derived, and radio bursts were detected within this source (Smith et al. 2003).
Figure 13f shows a field line seen from an observer orbiting with the disk. If the star rotates faster,
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• フレア現象
• 「磁気リコネクション」を通じた磁気エネルギーの解放過程
• 解放エネルギー ＝ 実際の磁気エネルギー ー 最低の磁気エネルギー

3. 太陽フレア
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Figure 13
Various large-scale
geometries leading to
reconnection. The
driving forces are
marked by arrows and
reconnection sites by
red dots. Large
erupting flares are
often surmised to
result from a magnetic
cusp (a). The emerging
flux scenario (b) may
apply to smaller events
in the low corona.
Interchange
reconnection (c) is
associated with flares
at high altitude,
leading to
interplanerary particle
events. Magnetic shear
(d ) may be the cause of
two-ribbon flares,
where the footpoints
form two parallel
strands. Reconnection
of twists (e) releases
energy in loops. In the
star-disk interaction
( f ), reconnection
releases energy
build-up by stellar
rotation.

arcade is sheared and magnetic energy builds up in the corona (Figure 13d ). This energy may
lead to a large flare characterized by two bright ribbons in the chromospheric Hα line or EUV
emissions from the transition region.

Braiding field lines by footpoint rotation have been proposed by Parker (1988) to cause oppo-
sitely polarized components in field lines and tiny reconnections (nanoflares) in stationary loops
(Figure 13e).

Young low-mass stars are strongly magnetized and interact with circumstellar disks through
a corotating corona, usually envisioned in terms of a dipolar magnetosphere. Marginal evidence
for magnetospheres reaching out to the inner border of circumstellar disks comes from radio
VLBI observations, in particular of the southern component of T Tau Sb. A source diameter of
0.07 AU or 15 R∗ was derived, and radio bursts were detected within this source (Smith et al. 2003).
Figure 13f shows a field line seen from an observer orbiting with the disk. If the star rotates faster,
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3. 太陽フレア
• フレア活動領域

• フレアは「複雑な」活動領域に生じる
No. 1, 2000 RELATION BETWEEN d SPOTS AND LARGE FLARES 585

FIG. 2.ÈPeak Ñare intensities in W m~2 for each spot group as a function of peak area in disk fraction, with each magnetic class plotted separately.
Clearly all the big events at upper right occur in d spots, those classed bcd by SOON. Regions producing no Ñares have been omitted.

passage, and the highest (with d as the highest) magnetic
classiÐcation. Thus, a region is considered d if it reached
that value once in its disk passage.

Several more minor errors can also cause problems. The
SOON sites submit corrections by entering a second report
with the same time and date information as the Ðrst ; on 92
occasions both a corrected and an original report remain in
the data set. Variation of area reports on a given day is
considerable, but the scatter was similar in both directions.
Since we use peak areas, this gives a small upward bias to
the areas used. An active e†ort has been made to match
GOES Ñares with optical reports, so most GOES bursts, and
almost all large ones, are correctly matched with active
regions. While we could not do a comprehensive check on
the identiÐcations, they generally appear to be correct.

Because the region is observed for several days at several
stations, an adequate consensus of its properties is obtained.
The X-ray data reported by the GOES satellites appear gen-
erally reliable, except as noted above. The intercomparison
of a large database tends to even out the e†ects of errors in
measurement and philosophy. Since our data show strong
e†ects, they are fully adequate for general Ñare prediction.

A more important point is that while we perforce use the
GOES data, there is some question whether or not they

represent the true Ñare ““ importance.ÏÏ The GOES value is a
peak value, measuring the time integral of the hard X-ray
input, which is probably the primary energy input. But peak
values give no weight to extended energy input. This is
probably the source of the signiÐcant e†ects attributed to
long-duration Ñares in which the total input is much larger
than that implied by the peak value. On the other hand, the
GOES peak is a reasonable indicator of the integrated hard
X-ray input.

3. METHOD AND RESULTS

We compared magnetic classiÐcation, spot group area,
and the peak soft X-ray (SXR) Ñux during its disk transit.
We assigned to each active region the highest magnetic
classiÐcation reported during its disk transit, as well as the
greatest area reported, and the largest Ñare. In general,
Mount Wilson classiÐed a spot group as d if any two
umbrae of opposite polarity in a group were very close,
resulting in many more such regions than the USAF bcd
class, which only recognized regions where the major spots
were in a d conÐguration. However, all regions classiÐed by
SOON are also classiÐed d by Mount Wilson. Regions clas-
siÐed are all checked directly on BBSO and Mount Wilson
data.
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• 大型フレアは
• より大きく
• 複雑な（δ型）
活動領域に生じる
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passage, and the highest (with d as the highest) magnetic
classiÐcation. Thus, a region is considered d if it reached
that value once in its disk passage.

Several more minor errors can also cause problems. The
SOON sites submit corrections by entering a second report
with the same time and date information as the Ðrst ; on 92
occasions both a corrected and an original report remain in
the data set. Variation of area reports on a given day is
considerable, but the scatter was similar in both directions.
Since we use peak areas, this gives a small upward bias to
the areas used. An active e†ort has been made to match
GOES Ñares with optical reports, so most GOES bursts, and
almost all large ones, are correctly matched with active
regions. While we could not do a comprehensive check on
the identiÐcations, they generally appear to be correct.

Because the region is observed for several days at several
stations, an adequate consensus of its properties is obtained.
The X-ray data reported by the GOES satellites appear gen-
erally reliable, except as noted above. The intercomparison
of a large database tends to even out the e†ects of errors in
measurement and philosophy. Since our data show strong
e†ects, they are fully adequate for general Ñare prediction.

A more important point is that while we perforce use the
GOES data, there is some question whether or not they

represent the true Ñare ““ importance.ÏÏ The GOES value is a
peak value, measuring the time integral of the hard X-ray
input, which is probably the primary energy input. But peak
values give no weight to extended energy input. This is
probably the source of the signiÐcant e†ects attributed to
long-duration Ñares in which the total input is much larger
than that implied by the peak value. On the other hand, the
GOES peak is a reasonable indicator of the integrated hard
X-ray input.

3. METHOD AND RESULTS

We compared magnetic classiÐcation, spot group area,
and the peak soft X-ray (SXR) Ñux during its disk transit.
We assigned to each active region the highest magnetic
classiÐcation reported during its disk transit, as well as the
greatest area reported, and the largest Ñare. In general,
Mount Wilson classiÐed a spot group as d if any two
umbrae of opposite polarity in a group were very close,
resulting in many more such regions than the USAF bcd
class, which only recognized regions where the major spots
were in a d conÐguration. However, all regions classiÐed by
SOON are also classiÐed d by Mount Wilson. Regions clas-
siÐed are all checked directly on BBSO and Mount Wilson
data.
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δ型黒点

β型黒点

• 正負両極の黒点暗部が同じ
半暗部を共有

• 磁力線のシアが強い
→ 磁気エネルギー大

[see, e.g., Zirin & Liggett (1987)]



3. 太陽フレア
• フレア磁気エネルギー蓄積過程

• 活動領域NOAA 11158

Hinode/SOT Ca II (2011 Feb: AR 11158)

Movie courtesy of T.J. Okamoto

Toriumi et al. (2014)



3. 太陽フレア
• フレア磁気エネルギー蓄積過程

• 活動領域NOAA 11158

• 2つの浮上磁場からなる四重極型構造
• 中央にδ型黒点を形成 → 多数の大型フレア Toriumi et al. (2014)



3. 太陽フレア
• フレア磁気エネルギー蓄積過程

• 活動領域NOAA 11158

• 2つの形成モデル
• Case 1: 1本の磁束管が2箇所で浮上
• Case 2: 2本の独立した磁束管がそれぞれ浮上
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• いずれも四重極構造を形成：δ型構造はCase 1のみ
• Case 1: 2つの浮上磁場は表面下で磁束を共有
• Case 2: 2つの浮上磁場は完全に独立
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Case 1: single tube Case 2: double tube
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Case 1: single tube Case 2: double tube

NOAA 11158



3. 太陽フレア
• シミュレーションと観測との比較

• フレアは活動領域形成の結果として発生

• 2つの形成モデル
• Case 1: 1本の磁束管が2箇所で浮上
• Case 2: 2本の独立した磁束管がそれぞれ浮上
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Toriumi et al. (2014)



4. さいごに
• 今後の太陽物理について

• 「精密科学」としての太陽物理
• 他分野では実現困難なハイレゾ観測によ
り超微細なプラズマ過程まで追求可能

• プラズマ実験室として太陽を捉える
• より高分解能を目指すSolar-Cではこの
観点から研究を推進すべき

• 「天文学」としての太陽物理
• 例えばフレアや黒点は他の恒星にも存在 
→ 恒星物理学との再融合

• 恒星として太陽を捉える “Sun as a star”

太陽はどちらも
可能な唯一の恒星



Thank you for your attention!


