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Model Experiment on Solar Flares and the Neutral Sheet (I10)
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Abstract: A model experiment is performed on solar flare phenomena and the
magnetic neutral point behind the earth. Anomalous resistivity is observed in a
collision-free magnetic neutral point discharge. It appears as a sharp rise (hump) of
the voltage between discharge electrodes. This hump appears earlier and its height
increases as (i) the plasma density is decreased (ii) the discharge voltage is\ increased
and (iii) the external quadrupole magnetic field is increased. The electron temperature
is measured from the absorption method of X-ray and the ion temperature from the
Doppler broadening of Hell A 4686. At the time of the appearance of this hump,
the electron and ion temperatures rise abruptly up to 10 KeV and 100 eV, respectively.
This means that the magnetic energy which is supplied from the electric energy in

the capacity is dissipated and converted into the thermal energy of the plasma.
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RRPHERCET 2 22 vF—D#RIE, FEHBCBOWTHKS SHETHS. KBOD
TJVT—TRR, TAVF—F, BRI FANVF-L LTS DASNATNEDE, 77— (T
ANVF—ORH) ZRIIEZDICE, Mo MY T —DAA=ZXLPRETHSE. b
YH—=2phdE 10¥2 erg DT A NF—DPRFP L FH o rxv¥F—cEBmINns[1].
e XS PR RBHIRD I THEA X1, magnetospheric substorm (or aurora flare) &
BN T3, #HERD%E D Neutral sheet 172 DI ONTBRETAINVEF-RIEELT, &
D#5E, aurora ® geomagnetic disturbance 23493 [2]. phbNOEBROBHIIIHD
DEHBRFEEBREO S X< EB U THBET I LD 3.

BRI D4 TIE, collisional 734H1K T, Neutral point i1 2 plasma current i€k 3
neutral sheet DL & resistive tearing mode IC L O Z D sheet pinch @, /N7 4354
¥ RO pinch ~DOFiHICEIT 2 EBRERE®E L [3]1[4[5].

43, collisionless fHiE (7°5 X< HE~1012~10%/cc) ic B 1} 2 EREROHETH 3.
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Fig. 1 Schematic layout of the experiment.
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Fig. 2 Time sequence of the experiment.
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Fig. 3 The upper trace is the signal of the plasma current (5kA/div)
The lower trace is the signal of the voltage between two meshed
electrodes (2kV/div) Sweep: 1 ysec/div.
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] Fig. 4 Dependence of the appearance of the abrupt voltage hump on

V, and the initial pressure P.
I.=7.5kA/rod Gas: air

This document is provided by JAXA.



M:T
3

Bl

1973 4 5 A HHZE K E 5
IC(KA/rod) Clear hump
15 Obscure
No hump
75 ///
0 )(L ' .

‘6 7 8 9 10 11 12V, (KV)

Fig. 5 Dependence of the appearance of the abrupt voltage hump on V,
and the external magnetic field I.. P=1.3%x10"% Torr Gas: He
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Fig. 6 Dependence of the time ¢ and the voltage V,*
on the external magnetic field.
z: the time delay (from the start of the discharge)
of the appearance of the voltage hump
V,*: the peak voltage of the hump
V,=8kV P=4x10"% Torr Gas: air

This document is provided by JAXA.

491



492 A REF HM BT RS £ 9% %25 (B)

AEE hump BEbh 5.
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ORANAN

gas % He lIC UTHRBEAEITE - 2.

Hell 14686 @ intensity (3 hump 2s
HEUEEICERICHEYT. 14 VEE
(3, Hell 4686 O F v 7’5 —@IK L 5T
KDdtz, 44 VRER, hump 24 Ui
EEDPOERUTHES (F1EEH)
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Fig. 7 Dependence of the ion temperature on
various parameters
(a) Intial pressure P dependence
V,=10kV I.=15kA/rod Gas: He
(b) external magnetic field I. dependence
V,=11kV P=9x10"* Torr Gas: He
(c) charging voltage V, dependence
I.=15kA/rod P=1x10"3 Torr Gas: He
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Fig. 8 The experimental aluminum absorption curve
of X-ray from the plasma. (the solid line)
V,=11kV I.=15kA/rod P=5x10"*
Torr Gas: He
The absorption curve of 20 KeV X-ray (the
dotted line)
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Fig. 9 Dependence of the electron temperature
on the initial pressure P.
V,=11kV, I.=15kA/rod Gas: He
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) plasnra REJDOFIL AT 5 T LA EKRT 5.
‘!|1 % 7z hump & X fpi (ion plasma frequency) A FICIEIA S IEEIH BT EAERIL, C
il 73 anomalous resistivity OEKICH > TV 5 ion TR THBEEZOLNS.

i 3. & ]
1j§13"f‘ EED turblent heating EE [6]1[7] (WNFHISE, #HM) KB THRRUINWREE
it / $i S neutral point discharge KB T EHE U C &, BEKENC L THS.

}‘ BEEROBESIT (1) plasma density 234 3 &

| 1) MEBESENT 3 &
I i) B quadrupole W% < ¥ % &
! BBbn, UL, plasma sheet OEHMMERAE 705, BHEEFIC K 5 EE hump 23
' H Uiz & 1T electron, ion {BEFIZ, Th £ 10KeV, 100eV c2a@ic 7T 3.
| Z LT condensor i DA T-BLKT A NVF—H oL NIz current layer DR T &V
: F—h
'!i dissipate L C, plasma OB I 3 V¥ —KERENK NI ETHS.

REERICHT2HELREEE V, EHHES Po © dependence i3, B ICHETX 5.
EBELILELN T B LS electron drift velocity Vi %3 ion sound velocity VET /M &
FAEEIE, L0 KRX -7 %xic plasma |3 wave-particle interaction i€ & ) EHE#E
PixE/R9. Va=j/ne (j: current density, n: plasma density) THBZDT, V, kXL 1S
5L Py SEAT 5 & plasma 25k DIEHAICIHDRTNEND T EIRLRTH 5.

&M hump @ peak F¥C, plasma sheet DS (R) 13 1~4 Q BELEYD, ThWZiC
electron @ turblent 7LJziCxfd % collision frequency i3~10Hz 752, hump DE®
plasma curreent I, |3 ~5kA T, power input(RI,%)~50 MW iC755%.

C @ power input H3~0.5 usec BEH < H 5, plasma 25] Dz xvF—-BRI-72C
Licss. #LT, D 25] 138%] condensor I/ {hZoshTWik TixrvF—0 20%
WKhicd., TOFHE (~20%) 12, L@HEOD turblent heating R fid heating method & L
T, PROHRENVDDTH 3.

plasma sheet O{&k#E V~10%cm?® plasma density n~10%/cm3 Te~10KeV, T,~100eV
i THsh5, total ® plasma DBz x NVF— 320K (Te+Ti)~24] L1553, FNWZIT
dissipate L7z T % WF—D K413 electron DT ZFVFEF— 1t B LTINS,

bNbONDEEETIE, SE quadrupole RiIEIZ, Fig. 5,6 1€ dh 3 L HiC plasma HSEEE
il PIICE DR TLIBAEMESZ T A, EED turblent beating D ¥l 5D RIS I,
il plasma % BICH LAY 2 10720 Th - T, RBEHORRESICE, Zhid &g
| WEEZLNTNS.

Ufi quadrupole RIZFDOEZEICEIT 2 b b N OEREE R, BICHE %% { L/ & XIT neutral

i point IC current DEHICE B b L. UL, COLI HRBEMST A VE—O
BORBICE D JOWEHE 5L 2R0FERMBS 206 L.
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