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ABSTRACT

Recent Yohkoh observations of flares have shown various evidence of magnetic reconnection
and associated plasma (possibly plasmoid) ejections. On the basis of these observations and
recent numerical simulations, we discuss a unified view of the flare energy release mechanism
in which plasmoid ejections play a key role to induce fast magnetic reconnection. (Note that a
plasmoid is seen as a helical or sheared magnetic field in three-dimensional space.) We suggest
that even small-scale flare events, such as microflares and X-ray jets, might be produced by
the reconnection associated with the plasmoid (sheared field) ejection, that occurs in various
current sheets, e.g., those produced by emerging flux. A fractal current sheet consisting of many
magnetic islands (plasmoids) of various sizes is proposed to explain fast reconnection in flares.

1. INTRODUCTION

Recent numerical simulations of magnetic reconnection with high spatial resolution have re-

vealed that nonsteady processes such as tearing, coalescence, and ejection of plasmoids (mag-

netic islands) are fundamental processes in fast magnetic reconnection at high magnetic Reynolds
number (e.g., Lee and Fu 1986, Ugai 1989, Shibata et al. 1992a, Biskamp 1994, Yokoyama and

Shibata 1994). Since the magnetic Reynolds number in the solar corona is extremely high

~ 103, a highly nonsteady, intermittent reconnection is expected to occur in the solar corona.

It is hence natural to consider that the highly nonsteady and recurrent behavior of solar flares

is a manifestation of the fundamental nature of fast reconnection.

Recent observations of flares with the Yohkoh soft X-ray telescope (SXT) and hard X-ray
telescope (HXT) have revealed various evidence of reconnection (Shibata 1996), such as cusp
geometry, hot cusp loop (e.g., Tsuneta et al. 1992, 1996, Hanaoka et al. 1994, Hiei et al. 1996),
loop top hard X-ray source (fast shock ¢) (Masuda et al. 1994, 1995), and change in topology
associated with X-ray jets (Shibata et al. 1992b, 1994a,b).

In this article, I review Yohkoh observations of various mass ejections, and argue that these
mass ejections are indeed the plasmoid ejection expected from the reconnection theory (Fig. 1).
I then propose a new model of fast reconnection suitable for solar flare energy release, on the
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Figure 1. Current sheet formation, tearing, coalescence, plasmoid ejection, and triggered fast reconnection at high
magnetic Reynolds number, which have been revealed by numerical simulations (e.g., Lee and Fu 1986, Ugai 1989,
Shibata et al. 1992a, Biskamp 1994, Yokoyama and Shibata 1994). Note that in a three-dimensional space, the plasmoid
would be seen as a helically twisted loop or filament. The eruptive prominence observed in He is a kind of plasmoid
ejection.

basis of both observations and numerical simulations, and discuss that the plasmoid ejection
might be a necessary key physical process for fast reconnection. I also argue that a lack of
observation of plasmoids does not necessarily mean no actual plasmoid ejection, and try to
explain the reason why many flares are apparently observed without plasmoid ejections.

2. X-RAY PLASMOID EJECTIONS IN LDE AND IMPULSIVE FLARES - YOHKOH
OBSERVATIONS -

2.1. LDE FLARES

Although no systematic study has been done for LDE (long duration event) flares until now,
plasmoid ejections (or hot plasma ejections) have been found in some LDE flares with the
Yohkoh SXT (e.g., Hudson 1994, Hiei et al. 1997). According to those studies, the velocity of
hot plasma ejections was of the order of 50 — 300 km/s. Their shape was either ovoid (e.g., 21
February 1992 LDE flare [Hudson 1994]), concave-outward bright (e.g., 24 January 1992 helmet
streamer event [Hiei et al. 1997)), or helical loop (e.g., 28 August 1992 LDE flare). Interestingly,
these shapes were similar to those of some coronal mass ejections (Webb and Cliver 1995). It
is also interesting to note that the acceleration of the ejections was almost simultaneous with
the flare rise phase (cf. Kahler et al..1988, Harrison 1995).

2.2. IMPULSIVE FLARES

Masuda et al. (1994, 1995) discovered a hard X-ray source well above the soft X-ray loop in
some impulsive flares observed near the limb, and suggested that magnetic reconnection occurs
above the soft X-ray loop. If the reconnection hypothesis similar to the CSHKP (Carmichael-
Sturrock-Hirayama-Kopp-Pneuman) model is correct, the plasmoid ejection would be found
high above the soft X-ray loop (Hirayama 1991) as illustrated in Figure 2. Shibata et al. (1995)
searched for such plasmoid ejections in the Masuda flare on 13 Jan. 1992, and indeed discovered
X-ray plasma ejections high (~ 10° km) above the hard X-ray source.

Shibata et al. (1995) further surveyed such ejections in 8 impulsive limb flares which were
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Figure 2. (a) A reconnection — plasmoid ejection model for compact loop flares. This is an extension of the CSHKP
(Carmichael-Sturrock-Hirayama-Kopp-Pneuman) model of flares (Hirayama 1991, Moore and Roumeliotis 1991). The
cross-hatched region at the footpoints of the soft X-ray loop shows the bright hard X-ray/soft X-ray double sources.
The hatched region at the footpoints of the expanding (helical) loop penetrating the plasmoid shows predicted hard
X-ray/soft X-ray distant sources. (b) The SXT image of the plasmoid ejection in the 2 Dec 1991 flare. North is to the
right, and west is to the top. The short exposure image of the flare loop itself taken at full resolution (2.5”) is composited
on the long exposure image at quarter resolution (10”). The size of the main flare loop is 1.6 x 10* km, and the height of
the plasmoid is about 16 x 10* km. Note that a faint loop extending from near the plasmoid is connected to the footpoint

far from the flare loop, which is similar to the model shown in (a).

selected in an unbiased manner by Masuda (1994) with the following two selection criteria:
(1) The peak count rate in the HXT M2-band (33 - 53 keV) exceeds 10 cts/s/subcollimator.
(2) The heliocentric longitude exceeds 80 degrees. It is remarkable that plasma ejections were
found in all 8 impulsive limb flares. The ejections were seen as loop-like (e.g., 13 January 1992
= the Masuda flare, 4 October 1992), blob-like (e.g., 17 February 1992, 2 December 1991 [Fig.
2], 5 October 1992 [Ohyama and Shibata 1996]), or jet-like (e.g., 13 January 1992). The range
of velocity of the ejections was 50 — 400 km/s. Interestingly, flares with hard X-ray sources well
above (5 — 10 arcsec) the loop top showed systematically higher ejection velocities. The size of
the ejections was typically (4 — 10) x10* km. The soft X-ray intensity of the ejections was 10™*
— 1072 of the peak soft X-ray intensity in the bright soft X-ray loop. The strong acceleration
of the ejections occurred nearly simultaneously with the hard X-ray impulsive peaks (Ohyama
and Shibata 1996).

Ohyama and Shibata (1996) analyzed the temperature and emission measure distribution of
the blob-like X-ray plasma ejection (hereafter referred to as a plasmoid) in the 5 October 92
flare, and found the following. The temperature of the plasmoid was ~ 6 — 13 MK, the electron
density was ~ 8 — 15 x 10° cm™3. The temperature of the plasmoid was lower than that of the
region between the plasmoid and the flare loop, consistent with the reconnection model. The
thermal and kinetic energy of the plasmoid was an order of magnitude smaller than the thermal
energy of the soft X-ray flare loop; e.g., Fin < 10%® erg < Ei(flare) ~ 10 erg in the case of

the 5 October 1992 flare. This indicates that the kinetic energy of the plasmoid ejection cannot
be a source of the flare energy.

3. X-RAY JETS - PLASMOID EJECTIONS IN MICROFLARES ?

Yohkoh/SXT has revealed that X-ray jets (Shibata et al. 1992b, 1994a, Strong et al. 1992) are
often ejected from microflares (Shimizu et al. 1992). Here X-ray jets are defined as transitory
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X-ray enhancements with an apparent collimated motion (Shibata et al. 1992b). Shimojo et al.
(1996) studied statistical properties of jets, and found that the average length and (apparent)
velocity of jets were ~ 1.7 x 10° km and ~ 200 km/s. Shibata et al. (1992b, 1994a,b) found
several cases in which the footpoint active region (AR) changed its shape or morphology during
a jet, which may be indirect evidence of reconnection in the AR.

Shibata et al. (1994b) noted that jets are often ejected from emerging flux regions (EFRs) as
a result of interaction between emerging flux and coronal magnetic field (some of which are
clearly seen in the SXT full Sun movie), and that there are basically two types of interaction of
emerging flux with coronal fields: (1) Anemone-Jet type: When an emerging flux appears in a
coronal hole, a vertical jet is ejected from an EFR. During the jet, a small loop flare occurs in
the EFR. An EFR (or an AR) looks like a sea-anemone and hence is called an anemone-AR. (2)
‘Two-Sided-Loop (or Jet) type: When an emerging flux appears in a quiet region, two horizontal
jets (or loops) are produced, one on each side of an EFR.

These features are explained very well by the magnetic reconnection model developed by
Yokoyama and Shibata (1994, 1995, 1996). They performed two-dimensional MHD numerical
simulation of reconnection between emeriging flux and the coronal field, extending the previous
simulations by Shibata et al. (1992a). As discussed in the Introduction, their results show that
the nonsteady processes, such as tearing, coalescence, and ejection of the islands (or plasmoids),
occur in the small-scale current sheet formed between emerging flux and the overlying coronal
field. The physics of ejection of islands (or plasmoids) is quite similar to that seen in the larger
eruptive flares.

Yokoyama and Shibata (1995) found that a cool jet is also produced at the same time when
a hot jet is ejected. They interpreted the hot jet as corresponding to the X-ray jet found by
Yohkoh and the cool jet as corresponding to Ha surges. Indeed, Canfield et al. (1996) found
8 cases in which both Ha surges and X-ray jets are ejected nearly simultaneously in the same
direction (see also Okubo et al. 1996). One of the most interesting common features found
by Canfield et al. for these surges was the spinning motion of the surges, which suggests an
unwinding of the magnetic twist after the reconnection between a twisted flux tube and an
untwisted one. Such an unwinding motion is often seen in He filament eruption.

Consequently, we may say that the relationship between X-ray jets and Ha surges is, in some
sense, similar to that between X-ray plasmoid ejections and He filament eruption, and hence
we suggest that X-ray jets and Ha surges correspond to hot and cool plasmoids, respectively.

One may argue, however, that the shape of X-ray jets and Ha surges (i.e., collimated jet-like
structure) is very different from that of plasmoids. How can we relate these jets with plasmoids
whose shapes are blob-like (or loop-like in three-dimensional space) 7 One answer has already
been given by numerical simulations of Yokoyama and Shibata (1995, 1996); a blob-like plasmoid
ejected from the current sheet soon collides with the ambient magnetic fields. The magnetic
island confining the plasmoid then reconnects with the ambient fields, and finally disappears
(Fig. 3). The mass contained in the plasmoid is transferred into the reconnected open flux
tube and forms a collimated jet along the tube. In three-dimensional space, this process would
be observed as follows: an erupting helical loop (a plasmoid ejected from the current sheet)
collides with an ambient loop to induce reconnection seen as a loop-loop interaction. Through
this reconnection, magnetic twist (helicity) in the erupting loop is injected into the untwisted
loop, resulting in the unwinding motion of the erupting loop (Shibata and Uchida 1986).
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Figure 3. Why are plasmoid ejections not always observed ? This is because a plasmoid (magnetié island) reconnects
with ambient magnetic fields, and soon disappears. The lifetime of the plasmoid (or loop) ejection is very short, only of
order of t ~ L/Vpiasmoida ~ 10 — 100 sec in microflares.

This explains why we usually do not observe plasmoid-like (or loop-like) mass ejections in
smaller flares (e.g., microflares). That is, in smaller flares, the current sheet length is short, so
that a plasmoid (a magnetic island) soon collides with an ambient magnetic field to reconnect
with it and disappear. Hence the lifetime of the plasmoid (or loop-like) ejection is very short,
of the order of t ~ L/Vpiasmoid ~ 10 — 100 sec.

4. ROLE OF PLASMOID EJECTIONS IN FAST RECONNECTION
4.1. CURRENT SHEET COLLAPSE INDUCED BY PLASMOID EJECTION

Yohkoh observations have revealed various evidence of magnetic reconnections in flares, and
also that the plasmoid ejections are much more common in flares than had been thought. What
is a role of plasmoid ejections ?

Observations show that the kinetic energy of plasmoid ejections is not sufficient to account for
the total energy of flares. On the other hand, it has been revealed that the strong acceleration
of the plasmoid ejection occurs during the rise or impulsive phase of flares. Does this suggest
that the plasmoid ejection is simply a biproduct of the impulsive energy release in the fast
reconnection ? In this regard, we have to remember that many observations of flares associated
with Ha prominence eruption show that the prominence eruption (plasmoid ejection) begins
well before the impulsive phase of flares, though the velocity is small before the impulsive phase.
This is also true for some X-ray plasma ejections. We suggest that the plasmoid ejection plays
the role of a trigger for fast reconnection; the ejection of a plasmoid helps faster reconnection
and associated impulsive energy release, while the released energy helps further acceleration of
the plasmoid and resulting faster reconnection, and vice versa.

Is this kind of process physically possible ? Let us consider a current sheet with a plasmoid
(magnetic island) inside it (Fig. 1). Apparently, the plasmoid inhibits the reconnection. Only
after the plasmoid has been ejected out of the current sheet, will the reconnection become
possible. Once the reconnection has begun, the released energy helps the acceleration of the
plasmoid. If the plasmoid speed increases, then the speed of the inflow into the neutral point
will also be increased. Since the inflow speed determines the reconnection rate, this means that
the ultimate origin of fast reconnection is the fast ejection of the plasmoid.

This process can be understood as a collapse of a current sheet after the ejection of a plasmoid



t=t, (B=B) t=1 t=1%, t=%3 (5:2_0)
f LLLLHLLIL Y LI I, LULL LR LI 1LY LLLLLLALI? 7L VANNIZIZRAVZIINA
N o <@
l J7TT7T 7777777777 7777777 777777777 7777777777777 TI7I7777TR 7777777
G¢— —_—
Lx LULLLILLEfILLL2 202 (39/2)"
2 -1l E = — L L‘;L}
E, = @’1_ Lul g 737 g
"o~ g A3z ‘»-~.,'( =_/.E
o B=or o 4=
—;—Emo ) P
s relessed “B=Bo internally
1o outside 777777777 17777

Hayothetia{ intermediate state
Em= El Emo

Figure 4. Detailed processes during the collapse of a current sheet accompanied by the ejection of a plasmoid. It is
assumed here that a half of initial magnetic flux is reconnected to form a plasmoid (¢ = t;). After the ejection of the
plasmoid (¢ = %), the current sheet collapse occurs; i.e., the remaining magnetic flux expands to compress the current
sheet. At the final stage (t = t3), magnetic field strength decreases to a half of the initial value, and the magnetic energy
in the box (Em3) is one forth of the initial magnetic energy (Ems = Emo/4, where Eno is the initial magnetic energy
contained in the box). This process and the effect of the collapse of the current sheet is more easﬂy understood if we
consider a hypothetical intermediate state between the ejection of the plasmoid and the collapse; i.e., the state in which
a half of the initial magnetic flux is removed out but the remaining flux has not yet expanded. After this hypothetical
state, the remaining flux expands to fill the box. This process (i.e., the current sheet collapse) releases one forth of the
initial magnetic energy. It is interesting to note that this is an ideal MHD process. Hence even if the reconnection is
inhibited after the ejection of the plasmoid, we can expect that one forth of the initial magnetic energy is released by
the collapse of the current sheet.

(see Fig. 4). One important point is that the collapse itself is an ideal MHD process and the
energy released during the collapse is non-negligible; indeed it amounts to one fourth of the
magnetic energy stored in the original current sheet in the case of a simple model illustrated
in Figure 4. In this case, once a large plasmoid has been ejected, at least one fourth of the
magnetic energy contained around the plasmoid will be released even if the reconnection is
inhibited after the ejection. Actually, the strong inflow due to the collapse induces fast impulsive
reconnection, followed by a slow reconnection phase corresponding to the growth phase of
plasmoid, and vice versa, leading to intermittent fast reconnection (and plasmoid ejection).
Each cycle (ejection of a plasmoid and triggered fast reconnection) may correspond to a different
impulsive HXR/microwave peak in a flare with multiple peaks.

4.2. FRACTAL CURRENT SHEET

It should be noted here that we have not yet reached a definite answer on the origin of resistivity
necessary for reconnection. Since the ion Larmor radius in the corona is ~ 100 cm, the current
sheet width has to be of the order of ~ 100 cm (!) in order to excite anomalous resistivity.
This is a very unlikely situation because the flare size is ~ 10° cm, and hence the length of the
current sheet is expected to be of the order of 10° cm. Is it possible to have such a long, thin
current sheet with a large aspect ratio, 10°cm/100cm ~ 107 ? This is a fundamental puzzle in
the solar flare problem.

This puzzle might be solved if we consider nonsteady processes (in the current sheet) discussed
in the Introduction, i.e., tearing, coalescence, and ejection of islands. Those processes are highly



Figure 5. Fractal Current Sheet (Tajima and Shibata 1997).

nonsteady and intermittent (Biskamp 1994), and produce turbulent and fractal structures in
the current sheet (Fig. 5; Tajima and Shibata 1997). Hence a macroscopic current sheet may
have a fractal structure with a size ranging from the ion Larmor radius (~ 100 cm) to the
current sheet length (~ 10° cm), enabling succesive reconnection on the Alfven time scale. This
may be the real nature of anomalous resistivity.

5. CONCLUSIONS

1. Yohkoh SXT found X-ray plasmoid ejections in both LDE flares and impulsive flares. The

rate of association was higher than that of Ha prominence eruption with flares.

2. In both LDE and impulsive flares, the velocity of plasmoids was typically 50 — 400 km/s.
This is much smaller than the Alfven speed in the corona. One possible reason for this low
velocity of plasmoids may be their high density (Magara et al. 1996).

. Strong acceleration of plasmoids occurred during the rise or impulsive phase of flares.

4. In the case of microflares, some of the X-ray jets may be hot plasmoid ejections, and Ha

surges may be cool plasmoid ejections.

5. One important reason why plasmoids are not always observed in flares is their short life

time due to reconnection with ambient fields.

6. Plasmoid ejections can trigger fast reconnection, by collapsing the current sheet after their

ejection.

7. Plasmoids (magnetic islands or current filaments) have a fractal nature, and thus can create

very small-scale current filaments. This enables the onset of anomalous resistivity either
due to kinetic effects or due to macroscopic MHD turbulence.

w

Acknowledgements :
The author would like to thank T. Tajima, T. Yokoyama, M. Ohyama, M. Shimojo, and other
Yohkoh colleagues for interesting discussion and their various help.

References

Biskamp, D., Magnetic Reconnection, Physics Reports, 237, 179, 1994.

Canfield, R. C., Reardon, K. P., Leka, K. D., Shibata, K., Yokoyama, T., and Shimojo, M., H a Surges and X-Ray Jets
in AR7260, Ap. J., 464, 1016, 1996. .

Hanaoka, Y., Kurokawa, H., Enome, S., Nakajima, H., Shibasaki, K., Takano, T., Nishio, M., Torii, C., et al., Simultaneous
Observations of a Prominence Eruption Followed by a Coronal Arcade Formation in Radio, Soft X-Rays, and H o,
Publ. Astron. Soc. Japan, 46, 205, 1994.

Harrison, R. A., The Nature of Solar Flares Associated with Coronal Mass Ejection, Astron. Ap. 304, 585, 1995.



Hiei, E., Hundhausen, A. J., and Sime, D. G., Reformation of a Coronal Helmet Streamer by Magnetic Reconnection
after a Coronal Mass Ejection, Geophys. Res. Let., 20, 2785, 1993.

Hiei, E., Yamaguchi, Y., and lizuka, Y., Comparison between Ha Images and Soft X-Ray Images of Disparition Brusque
(Sudden Disappearance), in these proceedings, in press, 1997.

Hirayama, T., Magnetic Morphologies of Solar Flares, in Flare Physics in Solar Activity Mazimum 22, (eds. Y. Uchida
et al.) (Lecture Note in Physics, No. 387, Springer Verlag) p. 197, 1991.

Hudson, H., Thermal Plasmas in the Solar Corona: the Yohkoh Soft X-Ray Observations, in Proc. of Kofu Meeting, (eds.
S. Enome and T. Hirayama) Nobeyama Radio Observatory Report No. 360, p. 11, 1994.

Kahler, S. W., Moore, R. L., Kane, S. R., and Zirin, H., Filament Eruptions and the Impulsive Phase of Solar Flares,
Ap. J., 328, 824, 1988.

Lee, L. C., and Fu, Z. F., Multiple X Line Reconnection, I. A Criterion for the Transition From a Single X Line to a
Multiple X Line Reconnection, J. Geophys. Res., 91, 6807, 1986.

Magara, T., Mineshige, S., Yokoyama, T., and Shibata, K., Numerical Simulation of Magnetic Reconnection in Eruptive
Flares, Ap J., 466, 1054 1996.

Masuda, S., Hard X—Ra.y Sources and the Primary Energy Release Site in Solar Flares, Ph. D. Thesis, U. Tokyo, 1994.

Masuda, S., Kosugi, T., Hara, H., Tsuneta, S., and Ogawara, Y., A Loop-Top Hard X-Ray Source in a Compact Solar
Flare as Evidence for Ma.gnetic Reconnection, Nature, 371, 495, 1994.

Masuda, S., Kosugi, T., Hara, H., Sakao, T., Shibata, K., and Tsuneta, S., Hard X-Ray Sources and the Primary
Energy-Release Site in Solar Flares, Publ. Astr. Soc. Japan, 47, 677, 1995.

Moore, R. L. and Roumeliotis, G., The MSFC Vector Magnetograph, Eruptive Flares, and the SOLAR-A X-Ray Images,
in Eruptive Solar Flares, (eds. Z. Svestka et al.) (Lecture Note in Physics, No. 399, Springer Verlag) p. 69, 1991.

Ohyama, M., and Shibata, K., X-Ray Plasma Ejection in an Eruptive Flare, Proc. IAU Collog. 153, p. 525, 1996.

Okubo, A., Matsumoto, R., Miyaji, S., Akioka, M., Zhang, H., Shimojo, M., Nishino, Y., Ichimoto, K., et al., X-Ray and
Ma.gnetlc Features of Ha Surges, Proc IAU Colloq 158, p. 437, 1996.

Shibata, K., New Observational Facts about Solar Flares from Yohkoh Studies - Evidence of Magnetic Reconnection and
a Umﬁed Model of Flares -, Adv. Space Res., 17, (4/5)9, 1996.

Shibata, K., and Uchida, Y., Sweeping-Magnetic—Twist Mechanism for the Acceleration of Jets in the Solar Atmosphere,
Solar Phys., 103, 299, 1986.

Shibata, K., Nozawa, S., and Matsumoto, R., Magnetic Reconnection Associated with Emerging Magnetic Flux, Publ.
Astr. Soc. Japan, 44, 265, 1992a.

Shibata, K., Ishido, Y., Acton, L., Strong, K., Hirayama, T., Uchida, Y., McAllister, A., Matsumoto, R., et al., Obser-
vations of X-Ray Jets with the Yohkoh Soft X-ray Telescope Publ. Astr Soc. Japan, 44 L173, 1992b.

Shibata, K., Nitta, N., Strong, K. T., Matsumoto, R., Yokoyama, T., Hirayama, T., Hudson, H Ogawa.ra,Y A Gigantic
Coronal Jet Ejected from A Compact Active Reglon in A Corona.l Hole, Ap. J. Lett., 431 L51, 1994a.

Shibata, K., Nitta, N., Matsumoto, R., Tajima, T., Yokoyama, T., Hirayama, T., and Hudson, H., Two Types of Inter-
action between Emerging Flux and Coronal Magnetic Field, in Proc. “X-ray Solar Physics from Yohkoh ”, eds. Y.
Uchida, H. Hudson, T. Watanabe, and K. Shibata, Univ. Academy Press, p. 29, 1994b.

Shibata, K., Masuda, S., Shimojo, M., Hara, H., Yokoyama, T., Tsuneta, S, Kosugi, T., and Ogawara, Y., Hot Plasma
Ejections Associated with Compact-Loop Solar Flares, Ap. J. Lett., 451, L83, 1995.

Shimizu, T., Tsuneta, S., Acton, L. W., Lemen, J. R., Uchida, Y., Transient Brightenings in Active Regions Observed
- by the Soft X-Ray Telescope on Yohkoh Publ. Astr Soc. Japan, 44, 1147, 1992.

Shimojo, M., Hashimoto, S., Shibata, K., leaya,ma, T., Hudson, H., and Acton, L., Statistical Study of Solar X-ray Jets
Observed with Yohkoh Soft X-Ray Telescope, PubI Astr. Soc. Japan, 48, 123, 1996.

Strong, K. T., Harvey, K., Hirayama, T., Nitta, N., Shimizu, T., and Tsuneta., S Observations of the Variablility of
Coronal Bnght Points by the Soft X-Ray Telescope on Yohkoh Publ. Astr. Soc Japan, 44, 1161, 1992.

‘Tajima, T., and Shibata, K., Plasma Astrophysics, Addison- Wesley, to be published, 1997.

Tsuneta, S., Hara, H., Shimizu, T., Acton, L. W., Strong, K. T., Hudson, H. S., Ogawara, Y., Observation of a Solar
Flare at the Limb with the Yohkoh Soft X-Ray Telescope, Publ. Astr. Soc. Japan, 44, L63, 1992.

Tsuneta, S., Structure and Dynamics of Magnetic Reconnection in a Solar Flare, Ap. J., 456, 840, 1996.

Ugai, M., Computer Studies of a Large-Scale Plasmoid Driven by Spontaneous Fast Reconnection, Phys. Fluids B, 1,
942, 1989.

Webb, D. F., and Cliver, E. W., Evidence of Magnetic Disconnection of Mass Ejections in the Corona, J. Geophys. Res.,
100, 5853, 1995.

Yokoyama, T., and Shibata, K., What is the Condition for Fast Magnetic Reconnection ?, Ap. J. Lett., 436, L197, 1994.

Yokoyama, T., and Shibata, K., Magnetic Reconnection as the Origin of X-ray Jets and Ho Surges on the Sun, Nature,
375, 42, 1995.

Yokoyama, T., and Shibata, K., Numerical Simulation of Solar Coronal X-ray Jet Based on the Magnetic Reconnection
Model, Publ. Astron. Soc. Japan, 48, 353, 1996.



