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2.	  Emergence	  in	  the	  Deep	  Interior	  

ì  Numerical	  SimulaEons	  
ì  Thin-‐flux-‐tube	  appoximaEon	  (Spruit	  1981)	  

ü  Beq	  at	  the	  bo[om	  of	  the	  CZ:	  at	  least	  104	  G	  
ü  Total	  flux	  of	  ARs:	  1020-‐1022	  Mx	  
→　Cross-‐secEonal	  size	  of	  the	  tube:	  ~1,000	  km	  
　　	  Pressure	  scale	  height:	  a	  few	  10,000	  km	  

ü  Flux	  tube	  is	  “thin”	 

!" !0V( ) = 0
ü  Sound	  waves	  are	  

filtered	  out	 

ì  AnelasEc	  approximaEon	  (Gough	  1969)	  
ü  EquaEon	  of	  conEnuity	  is	  approximated	  by	  



2.	  Emergence	  in	  the	  Deep	  Interior	  

ì  Numerical	  SimulaEons	  
ì  Thin-‐flux-‐tube	  appoximaEon	  (Spruit	  1981)	  

ü  Field	  strength	  of	  105	  G	  is	  required	  for	  the	  tubes	  to	  
emerge	  at	  sunspot	  laEtudes	  

ü  Colioris	  force	  is	  responsible	  for	  various	  
asymmetries	  between	  the	  leading	  and	  following	  
polariEes	  

To assess the importance of numerical diffusion, we have plot-
ted in Figure 4, for the axisymmetric simulation NT-2.5D, the
evolution of B! /("0r sin #) at the axis of the rising, axisymmetric
toroidal ring. It can be shown that for ideal evolution of the axi-
symmetric flux ring, the conservations of magnetic flux and mass
for the thin flux bundle centered on the axis lead to the quantity
B! /("0r sin # ) remaining constant during the rise. The deviation
from that is due to numerical diffusion of the magnetic field.
Figure 4 shows that the decrease ofB! /("0r sin #) is indeed small
during the entire course of the rise, with a rise time of about
72Hp /VA. This indicates that the magnetic buoyancy and the dy-
namic rise of the cohesive part of the tube are not significantly
impacted by the numerical diffusion. It can be seen from Figure 4
that the initial decline is faster and the decline rate decreases with
time. This is probably because the initial length scale of variation
at the tube center is !a, and as the tube rises, the tube cross sec-
tion profile flattens near the center, resulting in an increasing
length scale of variation and thus a longer diffusive timescale. If
we assume that the initial decline of B! /("0r sin #) is a measure
of the diffusion of the magnetic field with spatial scale a and fit

the temporal variation /exp["t /(a2/D)] to the first two points
in Figure 4, we obtain an effective diffusivity of D ¼ 6:7 ;
1010 cm2 s"1. This is consistent with the earlier estimate of D
being on the order of 0:01$r VA ! 5 ; 1010 cm2 s"1, which was
based on Zweibel et al. (2003). Thus, the diffusive timescale for
the initial tube is %D ! a2/D ! 57Hp /VA. This indicates that for
the dynamic rise of a buoyant tube on timescales smaller than
57Hp /VA, the numerical diffusion is not playing an important
role in the dynamics of the cohesively rising part if its size scale
remainska, and this timescale can be lengthened due to the ex-
pansion and flattening of the cohesive tube cross section, as is the
case for the axisymmetric toroidal flux ring in NT-2.5D.
The!-tube in case NT is found to rise nearly radially and has a

significantly shorter rise time in contrast to the buoyant rise of the
axisymmetric toroidal tube (of the same initial field strength of
105 G), whose rise trajectory is found to change from being radial
in the lower half of the convection zone to being nearly parallel
to the rotating axis in the upper half. This shows that the 3D na-
ture of the !-tube has a significant effect in allowing a more ra-
dial rising trajectory for the tube. The reason for the significantly

Fig. 2.—Snapshots of the 3D evolution resulting from the NTsimulation. The images show the volume rendering of the absolute magnetic field strengthB. [This figure
is available as an mpeg animation in the electronic edition of the Journal.]
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ì  AnelasEc	  approximaEon	  (Gough	  1969)	  
ü  Emergence	  in	  the	  rotaEng	  spherical	  shell	  
ü  Retrograde	  flow	  along	  the	  flux	  tube	  
ü  Emergence	  in	  the	  convecEve	  interior	  
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2.	  Emergence	  in	  the	  Deep	  Interior	  

ì  ObservaEonal	  Studies	  
ì  Probing	  by	  Local	  Helioseismology	  

30° east of the central meridian. Soon after the
start of emergence, the magnetic flux rate steeply
increased and had a strong peak on 27 October at
about 08:00 UT. A travel-time map, computed
from an 8-hour data set and centered at 03:30 UT,
26 October, about 28.5 hours before the peak in
flux rate, shows a strong negative travel-time
perturbation at the same solar coordinates but
deep inside the convection zone. This feature,
with maximum travel-time anomaly of 16.3 s
(relative to the quiet Sun), was initially observed
in the travel-time maps centered at 23:30 UT,
25 October, 10 hours before the start of the active
region emergence. During the next 4 to 5 hours

(20), the perturbation increased in size and strength
and then gradually weakened over the next 3 to
4 hours (Fig. 2D). No other strong perturbations
were detected at the same location before or
after the appearance of this perturbation.

ARs 8164 and 8171 emerged in the north-
ern and southern hemispheres at 04:00 UT,
23 February 1998 and 09:30 UT, 27 February
1998, respectively. They were both smaller and
less active than AR 10488. The total unsigned
magnetic flux and the flux rate of AR 8164 reveal
that most of the flux emerged during a period
of 2 days, with a strong peak in the flux rate
around 08:00 UT, 24 February (Fig. 3D). The

travel-time map of Fig. 3A, computed from an
8-hour data set centered at 00:00 UT, 23 February,
shows a strong signature of the emerging flux,
with the maximum travel-time anomaly of 14.0 s.
A similar signature, with the peak value of 12.5 s,
appeared in the travel-time map of AR 8171 for
a data set centered at 04:30 UT, 27 February (fig.
S2). These signatures first appeared several hours
before the start of magnetic field emergence in
the photosphere and at least 30 hours before
the corresponding peaks in the flux rate.

Active Region 7978 emerged in the southern
hemisphere at 17:00 UT, 06 July 1996. It contin-
ued to grow for the next 3 days, even though the
magnetic flux rate (Fig. 4D) was not as steep as in
the previous cases. The travel-timemap of Fig. 4A,
centered at 11:30 UT, 06 July, displays a strong
perturbation at the location of the emergence with
a maximum travel-time anomaly of 11.9 s.

All of our measurements were carried out
either in quiet-Sun regions, before the start of
emergence, or in emerging flux regions where
magnetic fields higher than 300 G had been
masked. The travel-time anomalies of Figs. 2 to 4
were all detected before the start of emergence,
and therefore they could not have been caused by
surface magnetism effects (21, 22). The sample
of four emerging flux events includes sunspot
regions of different size and total magnetic flux,
which were observed at different locations on the
solar disc during different phases of the solar
cycle. In all of these cases, the perturbation index
shows high peaks only for a narrow time interval
of the pre-emergence phase, but it stays very low
after the start of emergence (Figs. 2D, 3D, and
4D and fig. S2D). This indicates that strong emerg-
ing flux events are detectable by our method. In-
deed, our results show that 1 to 2 days after the
detected anomalies, the magnetic structures asso-
ciated with these anomalies reach the surface and
cause high peaks in the photospheric magnetic
flux rates. An emerging time of ~2 days from a
depth of ~60Mm is also consistent with numerical
simulation models of emerging flux [figure 18 of
(2)]. Our results also show an anticorrelation be-
tween the height of the perturbation index peak and
the time lag between this peak and the peak in the
flux rate. Thus, higher peaks in the perturbation
index may be caused by stronger magnetic fields
that are more buoyant and rise to the surface faster.

In order to test the statistical significance of
our results, we used the same method to analyze
nine data sets of quiet-Sun regions, with no
emerging flux events. The sample of nine regions
was selected from three different phases of the
solar cycle and covers several locations of the solar
disc up to 45° away from the disc center. These
regions did not show substantial travel-time
anomalies. The measured travel-time perturbations
follow a Gaussian distribution with a SD of ~3.3
s (fig. S3), which is 3.6 to 4.9 times smaller than
the peak signal of emerging flux regions. Such
perturbations can be caused by realization noise,
thermal variations, and weaker magnetic field struc-
tures that did not emerge soon in the photosphere.

Fig. 1. Acoustic ray
paths with lower turning
points between 42 and
75 Mm crossing a region
of emerging flux. For sim-
plicity, only four out of a
total of 31 ray paths used
in this study are shown
here.

Emerging Flux

A B

C D

Fig. 2. (A) Mean travel-time perturbation map (in seconds) of AR 10488 at a depth of 42 to 75 Mm,
obtained from an 8-hour data set centered at 03:30 UT, 26 October 2003. (B) Photospheric magnetic field
(in gauss) at the same time as (A). The whole map corresponds to the region where the computations were
carried out, whereas the squared area at the center corresponds to the region shown in (A). (C) Photospheric
magnetic field (in gauss) at the same location as (A) but 24 hours later. (D) Total unsignedmagnetic flux (red
line) and magnetic flux rate (green line) of AR 10488. The vertical blue line marks the start of emergence.
The pink line shows the temporal evolution of the perturbation index (in units of 125 s Mm2), which is
defined as the sum of travel-time perturbations with values lower than –5.4 s, within the signature of (A).
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Ilonidis	  et	  al.	  (2011)	  

ü  Ilonidis	  et	  al.	  (2011)	  
l  Time-‐distance	  

helioseismology	  
l  Detected	  seismic	  

anomaly	  in	  the	  deep	  
convecEon	  zone	  at	  
~-‐65	  Mm	  

l  Up	  to	  2	  days	  before	  
the	  flux	  emergence	  
a[ains	  its	  peak	  flux	  
growth	  rate	  

l  Rising	  velocity:	  
0.3-‐0.6	  km	  s-‐1	  
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3.	  Birth	  of	  AcEve	  Regions	  

ì  5-‐day	  ObservaEon	  of	  AR	  11130:	  Small-‐scale	  Features	  



3.	  Birth	  of	  AcEve	  Regions	  

ì  ResisEve	  Emergence	  Process	  
ì  SuggesEon	  of	  the	  Model	  (Pariat	  et	  al.	  2004)	  

ü  Photospheric	  fields	  have	  serpenEne	  structure	  (Strous	  &	  Zwaan	  1999)	  	  
ü  Local	  flux	  cancellaEons	  of	  these	  fields	  →	  Ellerman	  bombs	  
ü  Later	  simulated	  by	  Isobe	  et	  al.	  (2007)	  and	  ArchonEs	  &	  Hood	  (2009)	  

reconnection is a good mechanism for restructuring the field
lines so that the dense material stays below in small recon-
nected field lines, whereas the large reconnected field lines,
released from their weight, get detached from the photosphere
and become free to expand. In the case of serpentine field lines,
where several BPs are well matched with EBs, we conjecture
that local reconnections occur more or less sequentially all
along the flux tube, at every BP, so that the serpentine field
lines gradually become a standard !-loop.

In conclusion, our results on the shape of serpentine lines
and on their association with chromospheric brightenings is
strong evidence in favor of a multistep flux emergence and
!-loop formation process: once the subphotospheric large-
scale flux tubes becomes flattened and stop their large-scale
emergence, small-scale undulations develop and emerge be-
cause of the Parker instability. Then magnetic reconnection
proceeds at low altitudes in BP separatrices, allowing the re-
lease of the dense material that prevents the emergence of the
whole flux tube, so that all the small-scale emerged flux tubes
sequentially rejoin above the photosphere, forming a large-
scale loop, which then becomes free to expand in the corona
in the form of AFSs, which then turn into standard coronal
loops.

6. SUMMARY

During the whole emergence of an active region, the bal-
loon-borne Flare Genesis Experiment (FGE) observed in the
H! blue wing the occurrence of many small-scale, intermit-
tent brightenings, defined as Ellerman bombs (EBs), which
have been observationally studied by detail in GRBS02 and
Bernasconi et al. (2002). In particular, they have shown, using
FGE vector magnetograms, that some EBs are cospatial with
neutral lines where the field lines could present a U-loop shape
(which we defined in this paper as bald patch [BP] regions).
So they proposed that some EBs could be due to magnetic
reconnection where field lines present a U-loop shape, while
the other ones, which were not associated with neutral lines,
were probably due to reconnection along quasi-separatrix layers
in apparently monopolar regions.
In this paper, we pursued the analysis of EBs observed by

FGE, and we tried to tackle the issue of the possible role of these
EBs in allowing the emergence of magnetic fields through the

Fig. 10.—Histogram of the distribution of the distance between two con-
secutive BPs within serpentine field lines.

Fig. 8.—Projection view of the serpentine field lines and their surrounding environment in the center of the active region. The red lines represent the serpentine
lines presented in Figs. 5 and 6. The green lines represent the domes. On the base plane, the isocontours represent Bz z ¼ 0ð Þ ¼ $50 50, 300, 900, and 1800 G, pink
for positive values and blue for negative. The blue arrows mark the direction of the leading spot. A multiplicative factor of 3 for vertical extension of the field lines is
used for a better viewing of the configuration.

Fig. 9.—Sketch of the field lines overlying the emerging flux.

PARIAT ET AL.1110 Vol. 614

Pariat	  et	  al.	  (2004)	   Toriumi	  et	  al.	  (2012)	  



3.	  Birth	  of	  AcEve	  Regions	  

ì  ResisEve	  Emergence	  Process	  
ì  ConvecEve	  emergence	  (Cheung	  et	  al.	  2010)	  

ü  CancellaEons	  coupled	  with	  convecEon	  
remove	  mass	  from	  the	  surface	  layer	  

ü  Key	  process	  for	  enEre	  tube	  emergence	  

No. 1, 2010 SIMULATION OF THE FORMATION OF A SOLAR ACTIVE REGION 239

Figure 7. Emerging flux tube leads to an enhancement of pressure which drives outflow away from the emergence site. The three panels in this figure show, respectively,
the time evolution of the surface (photospheric base, z = 0) magnetic field strength, relative gas pressure perturbation, and x-component of velocity averaged over the
band y ∈ [−2, 2] Mm. In all three panels, the green contours indicate enhancements of the gas pressure (relative to 〈Pgas〉 = 9 × 104 dyne cm−2) by 25% and 50%
(for the purpose of having fewer contours, the pressure values have been smoothed in time with a Gaussian filter with σ = 30 minutes).
(A color version of this figure is available in the online journal.)

(a) (b)

Figure 8. Mechanism for removal of mass and unsigned flux from the surface. (a) Schematic representation of how mass is removed from emerging magnetic field
lines in a 2D scenario. In addition to undulating field lines, convective flows expel emerged flux (indicated by ovals labeled with positive and negative signs) from
granular upflows. (b) 3D rendering of near-surface field lines in the simulated emerging flux region. Field lines in the upper panel are colored in accordance with the
local density perturbation (about horizontal mean) with dark blue indicating density enhancement. Field lines in the lower panel are colored according to the vertical
component of the momentum with red indicating downflowing material.
(A color version of this figure is available in the online journal.)

top boundary, the vertical mass flux there is negligible for the
mass budget of the semitorus. At the bottom boundary, vertical
and horizontal velocities within the torus (ω !

√
2a) are set to

zero after the initial prescribed rise. Downflows are permitted
at other magnetic footpoints at the bottom boundary but since
the majority of the magnetic flux at that layer remains within
the torus, mass flux through the bottom boundary can also be
ruled out as the main discharge mechanism. A third possibility is

the removal of mass via outflows associated with the horizontal
expansion (see Section 3.2). While it is true that outflows carry
mass away from the center of the emerging region, these flows
also advect magnetic field with them and cause a weakening of
the field. So, outflows alone are insufficient to explain how mass
is removed from the field lines.

The responsible mass removal mechanism is illustrated in
Figure 8. The left panel of this figure shows a schematic

Cheung	  et	  al.	  (2010)	  



3.	  Birth	  of	  AcEve	  Regions	  

Hα-‐0.8Å	 Hα+0.8Å	 

MDI	  Magnetogram	 ConEnuum	 

ì  ResisEve	  Emergence	  Process	  
ì  Spectroscopy	  (Matsumoto	  et	  al.	  2008)	  

ü  ObservaEon	  of	  an	  Ellerman	  bomb	  
•  Upflow	  of	  1-‐3	  km	  s-‐1	  in	  the	  chrom.	  
•  Downflow	  of	  0.2	  km	  s-‐1	  in	  the	  photo.	  

ü  Bi-‐direcEonal	  jet	  due	  to	  reconnecEon	  

Matsumoto	  et	  al.	  (2010)	  



3.	  Birth	  of	  AcEve	  Regions	  

ì  ResisEve	  Emergence	  Process	  
ì  Future	  ObservaEon	  →	  Hinode	  and	  Solar-‐C	  

ü  Spectro-‐Polarimetry	  :	  SOT	  and	  SUVIT	  
ü  Scan	  the	  emerging	  flux	  region	  at	  the	  

photosphere	  and	  the	  chromosphere	  
ü  To	  quanEtaEvely	  invesEgate	  the	  contribuEon	  of	  

each	  process	  to	  the	  enEre	  flux	  tube	  emergence	  

Chrom.	 

Photo.	 



1.	  IntroducEon	  

ì  Importance	  of	  Flux	  Emergence	  

ì  Transports	  the	  magneEc	  flux	  from	  
the	  deep	  interior	  

ì  SomeEmes	  causes	  erupEons	  
such	  as	  flares	  and	  CMEs	  

ì  Creates	  acEve	  regions	  

ObservaEonal	  and	  Numerical	  studies	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Flaring	  AR:	  NOAA	  11158	  
ü  Produced	  a	  series	  strong	  flares	  including	  X2.2-‐class	  event	  
ü  Highly	  sheared	  PIL	  in	  the	  central	  δ-‐sunspots	  

Hinode/SOT	  :	  movie	  courtesy	  of	  T.	  Okamoto	  



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Previous	  Studies	  
ì  Kusano	  et	  al.	  (2012)	  

ì  ReconnecEon	  between	  the	  
sheared	  coronal	  arcades	  

	  	  
ì  Sammis	  et	  al.	  (2000)	  

ì  δ-‐sunpots	  produce	  many	  
more	  large	  flares	  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.

Spot	  Group	  Area	 
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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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Sheared	  PIL,	  coronal	  arcade,	  and	  δ-‐sunspots	  
ü  Important	  for	  producEon	  of	  intensive	  flares	  

What	  creates	  such	  structures	  in	  an	  AR	  ?	  
ü  FormaEon	  of	  AR	  from	  the	  flux	  emergence	  
ü  Target	  region	  :	  AR	  11158	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  EvoluEon	  of	  AR	  11158	  
ü  Composed	  of	  two	  emerging	  bipoles	  P1-‐N1	  and	  P2-‐N2	  
ü  Sheared	  PIL	  is	  created	  between	  N1	  and	  P2,	  which	  forms	  δ-‐sunspots	  



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Photospheric	  EvoluEon	  
1.  P1-‐N1	  /	  P2-‐N2	  appear	  at	  the	  surface	  

N2	 

N1	 P1	 

P2	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Photospheric	  EvoluEon	  
1.  P1-‐N1	  /	  P2-‐N2	  appear	  at	  the	  surface	  
2.  P2	  driss	  along	  the	  southern	  edge	  of	  N1,	  forming	  a	  sheared	  PIL	  
	  

N2	 

N1	 P1	 

P2	 
Sheared	  PIL	 

δ-‐sunspots	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Coronal	  EvoluEon	  
3.  Coronal	  arcade	  

connecEng	  N1-‐P2	  
is	  then	  created	  
above	  the	  PIL	  

4.  A	  series	  of	  strong	  
flares	  (including	  X	  
and	  M	  events)	  
occur	  at	  this	  PIL	  
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ì  FormaEon	  of	  AR	  11158	  
ì  Two	  possible	  scenarios	  for	  this	  AR	  

4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  
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P2N2
P1
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P2N2
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Case 1 Case 2

Emergence	  of	  a	  single	  split	  tube	 Emergence	  of	  two	  independent	  tubes	 
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Case 1 Case 2



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  FormaEon	  of	  AR	  11158	  
ì  3D	  MHD	  simulaEon	  of	  magneEc	  flux	  tubes	  for	  Cases	  1	  and	  2	  

Case	  1	 

x/H0	 -‐120	 

120	 

-‐120	 
y/H0	 

150	 

-‐20	 

z/H0	 

•  Length:	  H0	  =	  200	  km	  
•  Time:	  τ0	  =	  25	  s	  
•  Field	  strength:	  B0	  =	  300	  G	 

120	 

Case	  2	 

x/H0	 -‐120	 120	 

Mimic	  the	  spliung	  by	  
sinking	  the	  middle	  part	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  FormaEon	  of	  AR	  11158	  
ì  Results:	  Magnetogram	  

Case	  1	  :	  single	  split	  tube	 Case	  2	  :	  two	  independent	  tubes	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  FormaEon	  of	  AR	  11158	  
ì  Results:	  Magnetogram	  

Case	  1	  :	  single	  split	  tube	 Case	  2	  :	  two	  independent	  tubes	 

Arrows:	  Bh	 
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Sheared	  PIL	 

δ-‐sunspots	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  FormaEon	  of	  AR	  11158	  
ì  Results:	  Coronal	  fields	  and	  

reconnecEon	  
1.  P1-‐N1	  and	  P2-‐N2	  come	  closer	  

to	  the	  middle	  of	  the	  region.	  

2.  ReconnecEon	  occurs	  in	  a	  
current	  sheet.	  

3.  Arcade	  field	  (N1-‐P2)	  is	  created,	  
while	  post-‐reconnecEon	  field	  
(P1-‐N2)	  is	  ejected	  upward.	  

Case	  1	  (t/τ0	  =	  120)	 

P2	 

N1	 

P1	 N1	 P2	 N2	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  FormaEon	  of	  AR	  11158	  
ì  Results:	  Coronal	  fields	  and	  

reconnecEon	  
1.  P1-‐N1	  and	  P2-‐N2	  come	  closer	  

to	  the	  middle	  of	  the	  region.	  

2.  ReconnecEon	  occurs	  in	  a	  
current	  sheet.	  

3.  Arcade	  field	  (N1-‐P2)	  is	  created,	  
while	  post-‐reconnecEon	  field	  
(P1-‐N2)	  is	  ejected	  upward.	  

Case	  1	  (t/τ0	  =	  120)	 

P2	 

N1	 

P1	 N1	 P2	 N2	 



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Comparison	  of	  the	  ObservaEon	  and	  SimulaEons	  	  
ì  CreaEon	  of	  the	  sheared	  PIL	  



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

ì  Comparison	  of	  the	  ObservaEon	  and	  SimulaEons	  	  
ì  CreaEon	  of	  the	  sheared	  PIL	  

	  
	  

ì  In	  AR	  11158,	  N1→P2	  vector	  rotates	  and	  the	  length	  becomes	  shorter.	  
ì  Only	  Case	  1	  shows	  a	  similar	  trend.	  In	  Case	  2,	  N1	  and	  P2	  simply	  fly	  by.	  

  0 2×104 4×104

 

 

 

 

 

0

30

60
90

120

150

180

210

240
270

300

330

  0 20 40

 

 

 

 

 

0

30

60
90

120

150

180

210

240
270

300

330

  0 20 40

 

 

 

 

 

0

30

60
90

120

150

180

210

240
270

300

330

(a) AR 11158 (b) Case 1 (c) Case 2



4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  
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Case 1 Case 2

Emergence	  of	  a	  single	  split	  tube	 Emergence	  of	  two	  independent	  tubes	 
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Case 1 Case 2

ì  FormaEon	  of	  AR	  11158	  
ì  Conclusion:	  Case	  1	  is	  more	  likely	  the	  case	  



ì  FormaEon	  of	  AR	  11158	  
ì  Conclusion:	  Case	  1	  is	  more	  likely	  the	  case	  

4.	  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  

Emergence	  of	  a	  single	  split	  tube	 

P1
N1

P2N2
P1

N1

P2N2

L L L L

Case 1 Case 2
ü  Two	  emerging	  fields	  of	  AR	  11158	  

shared	  a	  common	  root	  below	  the	  
surface.	  

ü  Emergence	  of	  single	  tube	  produced	  
•  Sheared	  PIL	  and	  coronal	  arcade	  
•  δ-‐sunspots	  

	  	  	  	  	  	  which	  is	  responsible	  for	  the	  flares	  
	  

ü  Large-‐scale	  flux	  emergence	  is	  
greatly	  responsible	  for	  the	  flaring	  
acEviEes.	  



5.	  Summary	  

ì  Flux	  Emergence	  from	  the	  Interior	  to	  the	  
Atmosphere	  

ì  Emergence	  in	  the	  Deep	  Interior	  
ü  SimulaEons	  
ü  Helioseismology	  

ì  Birth	  of	  AcEve	  Regions	  
ü  Small-‐scale	  features	  
ü  ResisEve	  emergence	  model	  
	  →	  Hinode	  /	  Solar-‐C	  
	  

ì  FormaEon	  of	  a	  Flaring	  AcEve	  Region	  
ü  Sheared	  PIL,	  coronal	  arcade,	  and	  δ-‐sunspots	  
ü  AR	  11158:	  single	  split	  tube	  rather	  than	  two	  tubes	  
	  →	  Large-‐scale	  emergence	  is	  responsible	  for	  the	  flare	  
acEviEes	  	  (Toriumi	  et	  al.,	  submi[ed)	  
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Thank	  you	  for	  your	  attention!	 


