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MHD Plasmas
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Abstract

As a prototype of astrophysical MHD plasmas, solar flare plasmas are discussed. Various evidence of
reconnection in flares observed by Yohkoh satellite are presented, and fundamental physical quantities
of flare plasmas, such as mean free path, Larmor radius, magnetic Reynolds number, etc., are examined
in detail to provide insight on laboratory experiments of magnetic reconnection as a model of solar
flares. It is proposed that to detect MHD shock waves associated with reconnection would be one of
the most important objectives of an experiment of reconnection using laser plasmas.
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Fig. 1 Soft X-ray ( ~ 1 keV) images of a typical cusp-shaped flare [6]. These figures are negative images. Beautiful cusps
are seen and grow with time as expected from reconnection theory. 100" = 7 x 10* km.
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Fig. 2 Petschek type reconnection model [1].
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Fig. 3 Loop top hard X-ray source above the soft X-ray
loop discovered with hard X-ray telescope aboard
Yohkoh {7]. The loop top source may correspond to
fast shock. (see Fig. 5(c)). Contours show hard X-ray
(20-30 keV) intensity distribution, and gray scale fi-
gures show soft X-ray ( ~ 1 keV) intensity distribu-
tion. Height of the loop is about 10* km.
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Fig. 4 X-ray plasmoid observed by the soft X-ray tele-
scope aboard Yohkoh [8]. These are negative.
Apparent speed of ejecta is 250-500 km/s. 10" ~
7,000 km.
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Table 1 Comparison between solar coronal plasma and

laser plasma.

laser plasma

hysical quantitied
physicat quantiie (Begimkulov ¢f . [10)

solar corona

size L 10° cm 0.1cm
temperature T 105K 10°K
particle number density »  10° cm™ 10*% cm™s
magnetic flux density B 10G 3,000 G
electron Lamor radius 71 2cm 2x107% cm
ion Lamor radius 71 100 cm 0.1cm
electron collisionless skin depth

Ae=c/we 30 cm 107 em
electron mean free path A,z 107 cm 10 cm
electron-ion collision time z,u  0.01 sec 3x 1078 sec
sound velocity Cs 107 em/s 5x10% cm/s
Alfven velocity Va 10® cm/s 10% cm/s
magnetic diffusion time zp  10sec 3% 107° sec
Alfven time 7a 10 sec 107 sec
magnetic Reynolds number

Rn=Val/y 103 300
plasma beta
(8 =gas pressure/magnetic pressure) 0.01 60

n? FhTELETRE, BRVIATITavolA
YBEOBRALZHELITREELIN? INEEZS
72812, Table 1 12 Begimukulov ef al. [10] 12X 5 L —
#— MHD 79 A EBREHIcE > T, L—F—-TFFX
TOYBEL KRG I FOYHEREEZ L THBEL TAL
9. ZhzRzL, T —¥—75 X<k collisional
plasma TH 5L Z &b b, L7zd- T, collisionless
reconnection DY Z WA IZIESLSb L v, &5
2, L= I3 XADWR VA / VABEKE T VT
DENLNT o E/NEVZER bR E,. ZRIEZEDT
Rpn>1,000 38k Lvy (BBREWZ LI22 N bV ORR
VA WVABIREOMHED HEY I 2 v —va voF
NERIBETHD). T/, T9AIR—FFbrolk
KETESL, L2 T, K7V 7ICEHAYTRLESR
Vaiyva YOERERTH72DI2i3, Table 1 D5
DIH, NTHEELZ NS THPEERELZDLKE
LT, 79 AR BaEOT05 LTICTEUEND 5.
ZITRIETNT 2 VEELRELS Lo THR VS 2V
2D 1000 Lk A9, DESTERIE, L—H—
T AREBTHEN) IR T ¥ a v OERIVEIEMICT
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Fig. 5 Slow shocks and fast shocks associated with magneticreconnection [9]. {a} reconnection driven by emerging flux (ex-
panding loop); the case of horizontal corona field, (b) reconnection driven by emerging flux (expanding loop); the case
of oblique corona field, (c) reconnection induced by plasmoid motion. (a), (b) are models of small flares, and (c) is a

model of typical flares (Figs. 1, 3, 4).
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