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Abstract : An experiment is performed to study the interaction of a short
pulse width high intensity relativistic electron beam (500 kV, 2kA, 3ns)
with a magnetized plasma. With the injection of the beam into the plasma
column, the thermal energy of plasma nkT sharply increases and, simulta-
neously, strong X-ray emission from the wall and microwave emission
from the plasma at electron cyclotron harmonics (n«f,, n =2,3,4 ..)
are obserbed. This microwave emission lasts more than several hundreds
of microseconds after the termination oft the relativistic electron beam.
Another type of microwave emission is also observed in this experiment.
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<& REBOHMEMFAZHANLERI, ) A —ACBIL5EETFE—LLET 7 XZDM
HIER (KB 7L 7 -8 sIMBN—2 bMchA SN 2EHBEHS) 1) REMAIKET 3
T3 X=omi (1] RUHAUAHORE, F&OBEICE O THEBICHEKENSDTHS.
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Fig.1 Schematic layout of the experiment
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Fig.2 Relativistic electron accelerator system
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Fig.3 Oscilloscope traces of relativistic electron beam
(s)  Voltage measured by capacitive divider; 10ns/div
(c) Current measured by Faraday cup; 10ns/div
(c) Time derivative of the magnetic field produced by the relativistic
electron beam in vacuum; 10ns/div
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Fig.4 (a) Diamagnetic signal measuring nkT:S of plasma; 12.5us/div, 1x10'5ev/
cm/div
(b) X-ray emission from the wall; 10us/div
(c) Microwave emission from the plasma atf=5GHz:10us/div, 10dB/div
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4 3 v 7gskn X-ray SERAI S 554 1cid, Faraday cup i 3|&E 4 3 EF O EESRERD
U, Ld, E—20FFHROSHBBIGIIENS. O EDS, 77 X<t AfL -
Bié, EBFE—LBOIBOEN->TEY, hard Xray i3, € — LB FBEERBROBEICY 1
STHTL BADTRIEVDLEEZONDE. L—HF—%2T 74T LK, 243 VI CE
FE-2ZAHLIGEO, REEESOHM (AW, +S) KU hard X-ray D v 7' F v 0
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Fig.5 Diamagnetic. signal and X-ray signal v.s. the timing of the injection of REB (¢)
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Fig. 713, € — A AH%20~40 usec DMDOEFEHE LI v ¥ 3 VOB FEHERDLL T
%. Fig. 6, Fig.7 &bic, H@#ZFEK (GH2) M#iZ~4 7 aky 7 FroRk&E (dB)
5L, E3BOS 5 73ABHBOBRIEZENNIRLODOTHY, T2BRDIS 77177
Z2HERBAOV—F—DHNEEZ B ERLED, TIXONPHEELENIELEDT
b5 HBIANVCHELUILBREOREE Up), RUV—FY—OHNEKEERDOAERICORL 7.
X, #NFNOWBICONT, EFH427a boVYEER (f..) RUOUZOBHEEZFRT
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12, Iz=100AKKL T, 37— TH 1kGauss, 3T 1.3kGaussiEETH 5. Fig 6
RO FigT&b, =4 70 DT v v avidid, K&E<bW T, 3BEDLSTMBH5C
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Fig.6 Frequency spectrum of the microwave emission from the plasma (7=0—20us)
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v 3 YOMF% Fig. 8 \CRL 72 K12 50ys/div, M #hi310dB/divTad b- (a)~(c)id,
TR HEBFRADOL—F—DHNAEEZ TSI X HFEAEAIRLEDTHD, L—H—
HhE, #hENL] 2], 3JTHB X (AR, v—¥-HH3]THBH, EFE— 4
AHDEA I VA2 FEZT (RICTSLT) T3XEELZRLIELBEDIESTH 5.
V= —%2T7 7 AT —LTEFE -2 AHJT H2ETORAM () 3, (a)~(c)Nt =28

MICROWAVE EMISSION

20 (T=20—40us)
—~ Iy © 50A
% 10+ M LLASER :4J
oL\
i)
\ o \ zf(l \\ 3f \\ 4f
WA A \/ \< CHE \\(u 1,1 T5A
— \ * :
2 10 \ \ LLASER4J

200 \ \ \\ 2
\ \ I :100A
—_ \ \LASh.R 4J
20+ \
X .
; SR 3 sl 7 }w
r [ | |
! : | Iy 1100A !
. : | LASER 2J)
2 10t ! [ |
= | | I
! l !
A A 1
R R R 10

FREQU]:,\’CY ((,H/

Fug.7Frequency spectrum of the microwave emission from the plasma
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upsec (d)pst =58usecTH 5. Fig 8 obhrskHik, [0 g4 7Dy yavid,
BTFE—LAS» S 400pusec Ll EEE N THED, HtusecRICE L IKMAT EHEABR LN
5((b),(d)) X, 77 XR-EEBKEANIVES, #EEREMETI vy s Y ER35IICK
BfICEORNT I v v a YBEAIINS ((a),(b), (d)).
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Fig.8 Microwave emission from the plasma at f/=5GHz, /=75A
(a) Laser energy: 1J, t=28us
(b) Laser energy: 2J, t=28us
(c) Laser energy: 3J, r=28us
(d) Laser energy: 3J,¢=58us
50us/div, 10dB/div
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MRS DT 7 X2 ICHMRBHIRKERETE—2E2AHLLES, 77 XvD0#zir ¥
— (nkT.) DEBIIEMHBK D, RRHCED SO hard X-ray sgflE . X <A
7 0BEDOTHBICKBEEWE,S, nkT. DHEMI, 77 X<DRE EFICEZ & hbd-
oo T3 X=2DMBDA H =Xt LT}, i) REBAFIKEDET S S5 XD RBESE
KX BEMMEA KRG 1) REB L7 7 XEBEF LD _HERREICLBMB M E I SN B D
(3], BAxDEREH (n,<2Xx10'3/ccony 75 X=FE) KBTI, E— LD X1
(zp~3ns) DDA & Y OEFIZEALEBTEBEE (f5! 21, 12720, fpit A4VTS
ZA=|EH), 1) DA HN=XLBRIDET, - Ti) D* H =X b BEEHITIRIZOD
LEZTA. X, hard X-ray ® Faraday cup ofiliEic L v, 77 X<thic REB% A4t
Licgie, 77 X~DREICED, REBBOROBEASIBEANS BT Ehnbh 1.
COHEL, B35 Coulomb HELINDA H =X 2ZZNRTNEHRBPTERBHEDTH
B8 ZDXH = RXLERRHTHDIIEROBETH 5.

S50, REBABICLDEF YA 7 a0 ra YEABK (f.) DBHEEOEAEKD<A 7o
BOLIvyvay ([1]J0A47) BEHIN, i — @888 EErsec Ll HENT
W5. DX yvyaYORRAELTE, REBIRLOMAINIEFHI 7 —fEhic b
7y T7TEN, TUBLBALLONIETRALT 4 v I RREERXVDEBCL, TI vy gV
BERHENLEOTRRWDPEFEINS. X, RBIKBAIINSG, 77 X<HE, ANBHE
CIRFELIRROWARBD LI v v ay ([L]DE4 7, f~2GHzZIZDN T, &EBOEZER R
FHANTOWE A, FEBEBOE— FEEEL, FODBEHINTHADTIEBODLEELZT
Y-S

4®I12, REBABKIZMADA H =X, RV, #0OEODO REB BEFOHKEHD =
XL PRBBIC, FOFEMIEER (REBICKBREF 4+ v /NEBBORES)AFNLS &
EHIC, AL ZZSICHES LT - EEORPOBNMERANTNLFETH S.

4 R a3t

CDRBRICHID, REBRAEE [7-tov] 2BBLWVKE, X, FO8F%
DETHEIEETX -7, FHIMENELO/NOELE, o5 IKmBEICH LT, RS

HBLET.
19754 9 H30R #Haxip (B

g £ X #®
[ 1] C.A.Kapetanakos and D.A. Hammer, Appl. Phys. Lett. 23, 17 (1973)
P.A. Moller and G.W. Kuswa, Phys. Rev. Lett. 30,958 (1973)
P. Korn, et. al. Phys. Rev. Lett. 31, 579 (1973)
P. Korn, et. al. J. Appl. Phys. 44 (11), 4946 (1973)
C. Ekdahl, et. al. Phys. Rev. Lett. 33, 346 (1974)
A.T. Altyntsev, et. al. Plasma Physics and Controlled Nuclear Fusion Research,
IAEA, Vienna, 2, 309 (1971)

This document is provided by JAXA.



746 RRKRFFHMEHA A 8RE FIE H3%5 (B)

V.S. Koydan, et. al. Fifth European Conference on Controlled Fusion and Plasma
Physics, Grenoble, 1161 (1972)
Yu.l. Abrashitov, et. al. JETP Lett. 18, No.11 395 (1973)
Yu.l. Abrashitov, et. al. Zh. Enksp. Teor. Fiz. 66, 4 (1974)
J.P. Vandevender, et. al. Phys. Rev. Lett. 33, 689 (1974)
[2] BRAMTEIXEISTIA (1975)
R. Okamura and N. Kawashima, Physics Letters (A), 54, 101 (1975)
[ 3] R.V.Lovelance and R.N. Sudan, Phys. Rev. Lett. 27, 1256 (1971)
L.E. Thode and R.N. Sudan, Phys. Rev. Lett. 30, 732 (1973)
V.U. Abramovich and V.I. Sevchenko, Sov. Phys. JETP, 35, 730 (1972)

This document is provided by JAXA.





