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A Short Guide to Langmuir Turbulence: Theory and Experiment
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This article is intended as a short guide to the field of “Langmuir turbulence." Various theoretical and experi-
mental studies on Langmuir turbulence have been carried out since the 1960s; consequently, a number of its fasci-
nating properties have been uncovered. However, there still remain important unsolved issues in this basic field
of plasma physics. In the present article, the history and recent research activities concerning Langmuir turbulence

are briefly reviewed.
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1. 3UIC

A AR ARV ELTIREEIC 7 B & NERIC/N S R RIEDST
X5 [FvEr—Tav]ibwiBEEHA([1]. Hihrg
BoMEr R LZKE GBEOBELK) 2EHRANERE VS
DIZHLT, [FrE¥F—var]| 2HENELHK LT,
XT, AMUHEKE LTSI AICbEENH B, 727701,
HHENZWI L2 TBELTWAWAREFIDH 555, Fl
A, L CHAEZBOT T2 EREAERTK (MHD
A Ad 5. ZhixERofITts 21X, BERMELRT, =
LT, SZTRMATE (5073278 (F4iE
BERLEDHE D) JIIMBMER L S2 5. b7 A (Tonks)
&9 07327 (Langmuir) 2110 & % [HEETF 77X~
W (FERRTy7I2aT7THIORRUR, TOF7Y73a
TR HELEBERIE, FoEEERIC, EB, HEE,
A2 —FYIal—Ya Y TRAIHENZENTE
o BRI, Y7 IaTRDIANF BT FTARDOBL
ANF—-EURTERATELRL Lo BRI F v b ]
LIFIZNBIEAMES N (ZOHE, FILTiE%R S NERICH
BEIET 2B TH D), 77 X<l “§5v" SLEIREH
5F Y U b UAER - HBERY BT B T3
7 EL#E (“Strong” Langmuire Turbulence [SLT]) ~& Z#
5.

LZAT, [Fx¥EF—vav] ey hr] 0B
FEERICE B EYRD L. FIAE, BEOBEEICIX
B, BECREMESCHEECTHIBIRT S EERT
5L, BEEREHEREEVCEANITCRIETIL, HETA

BICEBOBE 2 ICERICME LA ) BREBE LS L
20T AHIERER. Fx b OB EIEIPEREEIrSD
FHTIIRL, 79AYWHOBBECHBIZHHINTE
72. SLT i, 79 A<EHOFTHHE S FMICHEENT
WEHDOD—DREES. TOBHTIE, FHOELIE L HRWEL
HEDEBRIIOWTHEBLDD, Fv 7 IaTERISGE
TEDE I LR THEEINRTE -0 %2 8, EBROWHHA
2S5 5.

2. 273 a7EROERONE

AEITIZT » 7 3 2 7ELIE (Langmuir Turbulence [LT))
DOBFHHAE 2 AT 5. LT OBFFEIZ70~80E I K &
HRY—I2EHEL, BEFL T2 —Eh/z[3-8]. LT’
BLBOIERZET TR BB HA. LrL, Th
Z LT OEFEFTIZBP SR, S TR E V. 4ETHS
PICT B L 51, LT O RIIMKAR LS o BEFEITH
HTWh, TS EHWET LIS, T FLT OB LR
2 HRAL 72w,

L7 A~hicid 3EED ) —<VE—F ([ 4+~
B, 77327 BREISFETS. LTIk LA
Ay, TYTI2TEPBELUTERT S DD, §§WLT
BTN S 3FED ) —< VE— FPHEERTS. T
7 IaTRIE BN, BEAERDD LTI AT~AGHT
HEBEDOE— FEHRL, ETFE—L 7T AYAEERIC
Iy ENnG. 29, BES I a7 KIRIE GE
BE) SYrIaTHEOEVERE->TARALY.
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Commentary
2.1 8BS T3I1TH

RIE E, Bk, ARAERe 255, x#WAMICHED, T
VI 2 T EREILE(x, t)=Eycos(kr—wt+0) L FEE S,
T, IXERRITO AR E R WS AR R
B (0% =0f+3k%0) &Y. ZIT, o BEFTST
X R, ve IZEFOBAE. WIELS T TN 2DT, Z
DWREETH L. B LEIL, homks M-k
fER] L, Wf &k ME-RPHEER] $5. #F7 >
FIaTHETIEIE - EHEERIERRTE, B-HKTHE
ERELTS Yy YREN] D5 FEEREEEZHBET A
M5 T v T IRER, 75AWHELT) VFIVOBSR
725, BRIEWZ CLIZHAETOHIRIN TS, BIZIET
VEUREL, 57 aTHENSNVADOETRHEEE
(transit-time damping) & OBR[10] %, hHET A b OEHH
DI v IRFENHE, BILOMFENR).

B RIERICZ 2 &, LT ORB2 %3 #k - EHLE
APUTOLHICEEILL .

2.2 BT IATER

ELOE BRI I EBEMsEH SN S, BAIRREL
Wiy —2 (EBHTANVF-RBEFEB=FKL 7K LI~
7 (BB ANF—HORER) D, HDWEE ke DD
FpEIhs L &, EREMTR APV —RELRD. £
DWH, H—mw LEROK - EHEEHOD, KK
XMk, CEBSH, BoshB L&, BEEERTIE
ka7 hB. SOEHIZ, BOZRNVF - HED
INEBEBRD O K ERERICBET A LN I AT —F]
(Fig.1 D@ A) T, MWLTINTERIS. ZOHH [
H A —F](Fig. 1 DBEEB) T, HWLTHTEIS. &
H A — FEBREIT 2R TOLAIINTAN) v o
M2 E (parametric decay instability [PDI]) 72[3-8].

PDIIZ3 MM EMHTH L E ARERK
(ko,wo) B DB 7IaTHLD, EREAREEK
(k,w) DA F Y EHEES & (kg—kwg—0) DFHT 7 Ia
T L ZHET S, 0F D, L - S+L-. ZHIIEKE K
BEAFICBAI T T HERERE (BEH A7 —F) Th 5.
A5, AR —FHRELLEOTANF—Hk~01Tk

inverse cascade

B
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&
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Fig.1 Wave energy transport in wavenumber space. Energy of

pump wave (k = ko) either cascades to the dissipation region
(sink) or inverse-cascades to the condensation region (k=
0).
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WL, [9>7 32 7EH] (Langmuir condensation) & I
EhaikEEZSL S, LaL, FRTREE (577K
) S TEIEROMBBIA S F V) F B L .
COFERBIT HREHH, FICREREDOY A —F
27| &2 TERAELE (modulational instability [MI] ) 72
[3-8]. MI i, Oscillating Two Stream Instability [OTSI]
Ly En12], e o 4 BHEERATHS. 2F 0,
B vy IaTH LA, EEREARBEE (ko) DA+
TS & (kothwoto) D2WOFHT 7 I 2T H L
RS B (L - S+Lo+L-). 720, B 73IaT7HD
IRIBAS LB K & < BRHIREINICHEIEH T 5720, Zh
5 OIS IREIC T2 S kv, Lizats T ML,
BHOKELIERBTHT v 7 I 2T HEEEST S ELE
B (HAr—F) BELEAR, EEHLOIZDIZLIHKRE
ARG [£#H ] #FRTEx 5. FOELEFOELFERTD
LZPDLE, MI(OTSD 2 &80T, 785X ) v I R%E
£l LS. Fig lOBFRALCIEMIICEA. i, =
ML, U7 IaTEIBREEAS Y HREK
M 288 LT 5 [(13].

XC, ¥OLI%5 I aTERNPDIR M %5 %i#2
ST 0EALS? Fig2ilFhz2EHL - WT,
W=|EI*8aneTe 13, BF DB RN ¥ —THIEL SN2
BTANFE—, ne, Te ZZTNEFNEFERLIANT K
MCTELLZETRETHS (FBEMRATEEL S ZHN
B EW=gy|El*2nckpTe &% 5). —HEIZ, WAV W E
MIZSEEZ D Rd v, TODKAED X 91T, PDIICL YA
BaNhcET 7 aTEME k=0) ORBTRANVF—D5
Y OESE, BAOMIZX DA A —FL, BEHICIE
BT A F—CERIND, HOPS5THMS0ERE D
DF YT IaTHRIEIMIICHLTARREERDT, TV 7
I2THRIIHLERTMIKED Ay —FF 5. KOfL
WO E R, ERERTOIATr—FFae—L >
MIERFTAEE, HEEMMICae—L Y MR LY
5. mEbiz o T, EORKIRIEL S HICWAL, E»
SUTIaTERICRET A, Fig2llbRENTWAE L
3 12 (static MI & subsonic MI D¥EFR), —KIZHE T 7
I 2 TEBORMBIEW > (kode)? £ SNB[14]. SZTAe

modified
PDI

A

supersonic

MI
PDI

static MI
I ke

subsonic MI

» kole

Fig. 2 Various parametric instabilities of monochromatic Langmuir
waves. Here, 2 = mo/mi , ke = J/1/3.
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WBEFFNAE. —F, PDIIRET ¥ 7 3 2 7ROEEAH
WK 5L, 4FEMHAEAERAE O modified PDI (modified de-
cay) \ZZh 5.

3T, IRHDORREREELELLEDIIIZRARDD
2259 FUTIATROAREM,E, (4 FkeH
LT D204 F OBHAr —VTH#EITTA. 22T,
BF LA ORBREHBEREZREEH L TA + » OBRH
A7 —=NVTOEBFHERICER L 72H DA Zakharov HE
F(1), (2)T, FRIEIW<K]1 OBE, BIS 73T
Wkowo), A4 FHE (o) BETFZhS5DE — Mk
(kothkwotw) DHEEHZRT.

|E|®

8% 2o2|dms _ o2
[atz sV ] ny  16wngm (1)
2
Jd .3 — % Ons
[zmoat+ 1)VV]E—2 nOE (2)
:CVG‘, Cs Li/f j-y%iiy@, ne=ﬂ0+8nf+67ls ffﬁi "y

=EHEE, on, Ons 3FNFNET (fast) & 4 F ¥ (slow)
ORMAr—VTEBTIBERGEZET. 2L C E
A4V OREA T —VTERT S, Fv73I2aTHDIE
TRZERIBICHY T 5 (o5 iEEN). 9, R(1)o
EBEA + v EREOBEEBHERT, AAFZOLY IV VIC
M T5H. 2FY, A4 YFRIZT VI 2T HEOFERE
B RrFuE—747h, %) CLOBEIND. i
¥, R(2)TE, EBZHHF5 V73 2 TIROBIREFD,
FHLDOAF HERERIBERE O — ML VB XN T
Wwa, THETHEMNLEEL DT A M) v 7 REEITE
TEA+a/hEw W<1) A, Zakharov FRERZ 7—
) IEMLUTHITTE S,

RIZ, 1RJC Zakharov FEXR 2T L 5 I2HEBIEL
T, @ LES.
Smiw 3kAe
2mew @, 2ymelm; =k,
3|E[* I
647[710Te = |E| ’ 4n0mc/mi = 6”

1 RJC Zakharov F R %215 5.

(3)
(4)

K (3)T, BERES EORBELIEHTE 2 static limit
TRERDE |\ KL, on=—|E #185. L2dio
T, staticlimit T% ¥ 7 I 2 7HEOWREFL XX (4)
X, ROTFEREY 2 V71 v H—FHRRX] TAMTE 5.

(5)

ZORER, BiEftah

Oy — Onxx :(|E|2)xx
iE+ Exx = 6nE

iE+Ex+EFE=0

2.3 BOWSLTIATERKEFYEPS
Mlickhae—L Y NCERSNZT V7 I 27 HIE
BEALBEXKIRIEZHMAS LIS, RHNTSU7Iay
VY MEEBETS. EREY 2L T4 v — R
(5)Dv Y b UL, #BEHELFIHEL T, Zakharov &
Shabat A%19714E 128 R L 72 [15].
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E = Egsech[Ey(x—Mt)11/2]

x expli{Mx/2—(M?/4—E}/2)t}] (6)

ZIT, Mides Tk LI~y N EDS 0T
IaTEOHLBEIETENE IR (6) IEEEHE &
ZEPOHLRTHS. R(6)iX, TV IRELIES,
TIAIYBA ) VFNVOBEELERTHS. —H, 1K
JC Zakharov R (3), (4)JUTDOV Y b v@EEd D
ZedmshTw5(16].

E = Egsech[Ey(x—Mt)1/2(1-M?)]
x expli (Mx/2—(M*4—|EyP/[2(1-M2)])t}] (7)

ZZT, m=—|Ef/(1-M?), ZLTM<1, K(6)&
(T)IIM<1 TR%ICRS. LEL, RELERTOVY
M IHEEROBICMMEY 7 FERT ORI, R(7)
TRENLEYY P RESICEHLRMEERE2RT O THE
BV b UTIE RV,

IR 2L —7 4 A —FEX(5) D 2 Hid5# %
L, E3HEIRyFOE—F 1 TH(F/-i3BES, pon-
deromotive force) 1243 5. ThOHED1RTT V7 I
TeVvYbME VI ERBERLES ETS5ED,
RUYFOE—F 4 THERINS, BERELLLID LT
ZHEBENEALTCHVE) LORET S, RyFuE—
FATHEE, T9AR%E, EOZRINNF-2KEVY
)b RRES SIS L L CEEOKVER (cav-
ity) #2< 5. ZFORTFII static limit TOBEBRT AN F—
LEERS XOMBR on =~ |E’ TLREND O R
WE—PREVEZAZTEEEFYEF1DK). o7,
Fig3n&Hiz, 5 73a7 - V) b EeEFEF Y
TFARNEET L. A, ThorFldDTHFyY LMY
(caviton) & FEER, FERML TS5 A<HDOEBW LT IZBWTLH
RIICERENEF Y ¥ b i, ERILT S A<hoiEn
LTHREBIZBIAT NI 29—/ 3 /- VE—-—F LW
ZBIEAHS.

1RTCZ2H, FAREEICEBLIN-ZHTIEI AT
Fr U b YREELED, 2 KL TIIIEREIISED
CHICEBTALOARRECR Y, RFHTOREIITS

A
IE| 2 . .
Langmuir soliton
oo I
Re localization
o Ty**’ <pT——
X
S Ns
density cavity

Fig. 3 Schematic representation of a caviton. A Langmuir soliton
(broken curve) and an associated density cavity (solid curve)
form a caviton.
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IR, |onl BEXUIEP 0¥ — 7 VKT 5. Thk
[¥x ¢ broosh] (caviton collapse) L9, H¥ 7
FOWBATAHRUN 26, FrYEhridFERLD BEL
(BQ) »xh3. Zhz#l (#) F#E> SN super (sub)
sonic collapse] & V29 . Fig. 2 @ super (sub) sonic MI i&, JE
BIBERT OB () THEOENLEZFIEEDT.

F 4 ¥ b rooRNIhEY, EHEMTIEA A — 2
ETTH-0, RHPETERBENRET S, 124, 775
P RF RN LT 5708, 7SV ARDIEIEX
WTHHFYE b yORE, REZEE LOETRHEBRE
(transit-time damping) & % [8].

KT, Fr¥ LI TtoRNLOESLH ? D&
MTEFERESICIVRVIED SR, #RFTH A XH10
~20e L ABETFYE M 3R ) BRSNS (8].
ZRictEy, BEEFIELSE. 5 Y73 aTROTDE
HRICHE SN, BEFYETFARLESCRETS. 2
DIREE% burnout (burnt-out) &FEXR. dL, 773
7 - Ry FEDBE S NEETE 56, KitoFrE >
i burnout WIZEBEMICER S 2B H 5 (ZhzE
(¥ (nucleation) | &v29). W LT HOFEEIT AL
Fld, TOIITFYEIVEMLTHAT—FL, #
®ENB, 2 LT, MOLTHOF ¥ € b Y AKFEH DM
WHIST 5 LD BBETE S,

BRICILDDLERBONBTRIRDEI D, BET
YT IaTHE, E-BMEERE LY. BWLT TR
PDIIC X B#iH A — FOMR, 7727 EOEED
B s, ), MOLT TIIMIIC X 24 27 — FO#R,
SYyZIaTHROBEENEL LY, FYE L YERE
N, FITHEHZALF-PEHREEINS.

3. ST aTEROER

573 aTEHRDOERMETIZIFICRD 2 DDRHH
WHNTETWS (Fig.4 22H).

1) BFE—-L—FS5XAVHR . TOEBRBRTIE, EF
C—2% 77 AT b AAREERZELSESH (M
WHRWEFC— 252 EBRIIOWTIEIIMTHLLA
~R3%).

2) emB~TISXTHR: T TIIEBRKEkE 79 A<
HbRAART V7 IaT7HEHEIESL. TORTENY
75 P75 A< LTREAROH L GE—k) 75
=&, HBFERE B LSS5I EHE 0.

BFE—4 -7 AROERTIE, HEREDOMITLK
B, fafll, §VELFIREDY SMVELHIRE~DER I T—
HEOBRKRORBREZMEFZTTE) 2 EPRAENICTRETS
5. LT, AERROKEIWHEEZHALDIZEL T
5. —HT, BBOAR - HRIIVE, BRIZOVWTT ¥
FAZBRELAOTHADEKEZEEEZ Ty F 7T
HDITHEEL v,

—%, emE - 7T ATROERTIE, BEAROH LT
5 A EHVBEE, wo=0p(Z T, 0 IZAS em D
I, oo 3BT 77 XA REL) & & 530 AT I
RBENDET VT3 a7 RIZHBERICES ICKIRIELS
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5. Lad, BEIOMES LB SADEICEELTWADT,
Fry P b rEGOEREBR L 2 A4 OIRBIEEO%E
BrHELLARD I ENTRIZED L WIFENH 5.
3.1 J@UVELRDER

IRIEAS BRI/ & 72 BRI I B I3 S A (SRR - B4R &
WRET L. LA oT, Wk LAFER Loz
W11 OGNS 5. ELRIIEHEN, BENICRELET
HAtHIC—BTH Y, WB) — AT IR R R
HTHYHEbILA, FUELROEME LT, BN LR
BREOLANF-BITRIEEREM k —0) 229,

ZOMA Ay — FHFZER LA2/8F A B v 7 REAR
FERICEIVEL LD, COBEME % EE MR
WOEBRTHEN»DLH Z EHMEETH 5[17,18]. EREEER
THETLE{ffibha ¥y TN T I A<EE (EE 40 cm,
EX50cm) WICAEKENAETVI Y TF5X7 (=05
mTorr, #e ~ 10°cm ™3, Te=2eV, T;=02eV, oni/n; <
01%) HICFATICRB ISR 2O 7 ) v F (KL DE
#5cm, 7V v FEBE=3cm) BI2BT 77 X~ HEI
DBREWE 00 (fy = 0¢/2r = 400 MHz = foe = wpe/27) % ENHN
L (Fig.5(), B4 ICEAKROREELEKEES (Figs.5
(b)f). Fig.5 T, HF i35 > 7 I 2 7#, LF id4 4V HiK
DEBEBANRY PV EZRZFIRT. A%WALEF 8§25

(a) Electron Beam-Plasma interaction

<E®>

e-Beam

n,: uniform

\\\\\ o

Fig. 4 Two basic experimental configurations to study fundamen-
tal characteristics of Langmuir turbulence. (a) Electron
beam-plasma system. The beam-plasma instability excites
electron plasma waves out of noise. (b) Electromagnetic
wave-plasma system. An electron plasma wave is excited
resonantly at the critical layer where the local electron
plasma frequency matches the frequency of the incidentem
wave.
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DEVELOPMENT OF TURBULENCE IN
PARAMETRIC DECAY PROCESSES

HF - High Frequency
LF - Low Frequency

(a) | EPW (d)
[}
HE o | R

(]

|AW
LF
(b} '
HF o
LF o
(c) 18 ! (f) ‘
HF - /
j‘]
LF
ittt e 2 e e e e s |
600 0 600 0]

f (60 KHz/div) f (60KHz/div)

(scale for LF)

Fig.5 Evolution of the high-frequency (HF) and low-frequency (LF)
spectra in a parametric process as the pump power is in-
creased from the threshold value of W =2 x 1074 t0 4.5 x
1074[18].

f=0T (HFZHWT 5 f=0 3G HMICEENRLZAHICH
%), EAMICAEEAEARLTWS I LICERINZ.
—HTDORATr —NViEA A Y EE L IIHT55D0TH 5.
Fig. 5(c) [ CAHERAS L LTHF B LU LF DARY
FAVHIGRENRTVS, B 7EBRDOEIEIISS X b
oy 2 AREERORMEEBZ L 0 =0wi—w; <wg DT ¥
FIaTke o 04 F VEMEHR SN S (Fig. 5(b) ; 2. 28
LBEOZE), RUyTINRNT—% 85 1HTE, 005
FIaTEIPIRONINT A M) vy I REEWEEGI SR LT
SHOIBRABEOZ v 7 IaTHEEAF VIEZHIET S, K
IR —DWRIZE ) ZOBBRYEEN, BEER

RZ7 MVAHEEBRBIC 72— FilZ o TwW L OB Eh
% (Figs. 5(d)4D). 2 XKD 7Fa— 72k B HEEIC L Y e
ENTHEBOBEBARY PVEHETHIEDBET, £
ARY MNVORFFBBREERTHZ LD TES.
BTFE—AL-TIAROERT, -2 RERLZE
LTI Y7 I a7EFREL T BRT 2R ERITE
POBEL BHDH. BEOH, WWEOEE[19] Tk, B
BHROC—ARREBICL YRR INZEE (K—AE—
F) PE—2EBFEHE (v YY) L, ZOHER
XY LD -2 DRERE TORIIEI > T —LE—F
PEEOT I 2 TEOLPSERICER L TIT BT
ENHEMIIBCHEFELBUNTAILICRLTEY
BRI,
3.2 BWUOELKOEKR
BRVELTIRIBICRAT S 5 S fh W > (kode)® 13D T Hilj L
ERSINWELOT (2 2/2H8), EBEO77 X< Tidil
WELRIKEDL S ) L HBICELTWAEEL ) LEDbRA.
BY 512, ZADD LA AR & BRI EIC F ¢
L rPERENT S XA<ASLT BT T W HESEY D
LI LThHBH. FOEKRT, SLT#IELHEHRETS
CLRKECEETDHS.
.21 BFE—-L—FSATROER
sEER “BE” BFE — LFIROERRA
FINTIGATHEBEMRLZ M) IV TS A< EE
(Fig.6 22H) 2 HW2EBEBMNT 5[20]. FRDOY —
oy bFr NI L TCHEBO Y — X F ¥ 28— 30
KRR E RoTWa, 7))y FENZRAHTAHZILTH
DY —RAF ¥ U N=DO BHPVWEBFE—LANY =7y
PF X U= NAR, TIATEERT D EFAERCH
WM ANCERT AT v I aT7kE2RAESES, ¥
BoOX#MER, ¥—7y b F Yy N—RHIZ 4 XHhLEE
LS o 73Ia7idy—4y bFy Y N—hRETIEE
ke s, £, “BHAWE—ATHD-ONTERE
FE—2@F =7y P F X yN—HREFTCIFRLLLTW
5, INODBZDERDIVTHA.
BRREEFEEZRY, L5 =5y b F v v N—HOFY
WHEF7T X< Bk (ZOFEBRTIE 200 MHz) TASt
C—AIZER/E»TBE (BAEMIZIZZY v FICRF 2H
m, MEMLREET V7 I2TEIKEL TV L OPE
823n 5 (Fig.7). RFEN# 03 us BTHEIZR VKO-

| Movable
11 | Electron Gun
{st Control Grid L.
\-'u y Emissive Probe and
R B L 0 0 0N 2 Sided Langmuir Probe
:: L :: Filoment
11 Torget
Source Chamber 1 " ‘::r?cmb"r :: Source Chamber 2
" h
Q. Q000 0 0 0 Q
)" |- Rf Probe
2nd Control / \end Anode Grid
Grid 1st Anode Grid
Sc};r:g:)l:tor Phosphor  Screen

Fig. 6 Schematic of the triple-plasma device, which was used for the beam-plasma interaction experiment.with two counter-streaming warm

electron beams [20].
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AL P ROBEHEZ, SOHCHEIEATLE IV
WA ZHEEICRBT S, LHEBCNY 2759 FD
BEIIKREGERIBLGED L. RyFa0E—7 1 THIC
I5F X ORETHD. REA VB OS5usBBET
|EI* OIRIRIIZIZEAT 545, TRERD RN 7 OFAH
MEix ~ 72 REICE THRATEY, FrE o D8R
HEOBMEELTWS, ZOK, SEETORLELHY
XNTwb., FABOBRIZIZOERDROEER[21]1THE
HWEhiz.
“4" BFE—LICEPBNT T3 2 7EROEE
TN E— AL BT VI aTHOBETIX, K
EXR, BIiBOEORE AFEd “Bhv E—208
HXDHKREL, Ho TEMRBIZ L - 725G DOERDE
by, b, BOERRKBEZESIIEBTES. 2
DEIBELRVETFE—LHHAOERT, 3RTHELR
DOF Yy P UPEEFYET A ICHRIL T L EH T L
VE—OFROAKICE Y BIL, 45205 OREEL Ok

a) t=01 pusec
1o ————————
% B
1 1 1 1
0 10 20
o 04f
=
=
o~ I
w
0 —//l\]—l
0 10 20
b) t=0.3usec
K 1o —————————
€ 0 R
0 10 20
2 04l
=
=
< =
N\
“ o0 Z
0 10 20
¢) t=0.5usec
# 10—~~~ NN
z O 1 1 1 1
0 10 20
&—: 04k
E
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N\
* 0 h X
0 10 20

Distance (cm)

Fig. 7 Temporal evolution of the spiky electric field structures and
the associated density cavities observed in the beam-
plasma interaction experiment using the device shown
in Fig. 6 [20].
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koZ

Fig. 8 Temporal evolution of the collapsing three-dimensional cavi-
ton. Two-dimensional contour maps and three-dimensional
views of the caviton field intensity, | E(r,z)|2, are shown at
four different times. The contours are in equal increments,
with the outermost contour at 0.35 of the peak intensity at
each time. The incident electron beam extends radially to
kor = +3, where k; is the unstable wavenumber [22].
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Fig. 9 Spatialprofiles of the envelope of the resonantly excited elec-
tron plasma wave normalized by the maximum value, |E/
Emax| , and the normalized plasma density, n/nc , forastrong
excitation case (W = 8.0 x 1074), where n. is the critical den-
sity (¢3 = 47nce2/me). The density profile clearly shows the
formation of a caviton. The dashed curves indicate the nu-
merical solutions to the Morales-Lee equations (G.J. Mo-
ralesand Y.C. Lee, Phys. Fluids 20, 1135 (1977)) that model
the evolution of a caviton in an inhomogeneous plasma [35].
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Fig. 10 Observations of IREB induced electric-field patterns in plasma using the electron-beam shadowgraph technique. Electric-field patterns
detected by a wide diagnostic electron-beam is projected onto a phosphor screen and recorded using a CCD camera. The plasma dis-
turbed by the IREB is filled by a number of spherical regions with negative potentials. The typical size of a sphere is strongly depend-

ent on the plasma density. Its diameter is inversely proporti
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