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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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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).

A Short Guide to Langmuir Turbulence: Theory and Experiment

95

R. Ando et al.

BL, 9732 7%H | (Langmuir condensation) & I
ENBIREEZDL L., LrL, TNTIREGR (777 7K
) RIS IEREAEOMEIL S F ) F AR L e,
COFIERBIT HPEHH, FHICREREOH Ay —F
5| &R TERWALE (modulational instability [MI]) 72
[3-8]. MI %, Oscillating Two Stream Instability [OTSI]
LHIHENn12], FEBM O 4 RAHEMEHTH D, 21,
WMo 727 WL D, WD (ko) DA F >
WS & (kgthkwoto) D2MOFHT 7 I 279 Le
WCHEEST B (L > S+L+L-). 220, S 73 a7Ho
RIE2S IR & RHEIRBIIICHEER T 5720, Th
5 OB EMIIRE i Shk v, L5 T ML,
BRORERIFFETHS 73 2 7 REES 5 EHE
o (HAF—F) #BELEAR, BERLOILDICI)KRE
ZIRIE W] 2R TEX 5. GHOELRTPTOERERETH
5PDI &, MI(OTSD) #F&0HT, [/35 % b)) v 7 A%
El LR, Fig 1 O@EA L CIEMIICK S, fiify, =
NHEIFHNS, T 7 IaTEPEREEAL VHHR LI
HiYES %A% b fEE S % [13].

BT, YOLHIRF U7 IaTHEMPDIR MI 27| &
ZTOREAEH? FigicZFhzEHL AL KT,
W=|E[*/8tncTe \&, BF OB F ¥ —THBL S NI
BT AV F—, nte, Te ZFNFNBTEELIANVF—H
MTERLABFRETH S (FEERHAR CTEHERL S 2 Hw
BEW=e)|E*2nckpTe & % %) . —f12, WAV Z W &
MIZSEZ ) v, SO0kl X 512, PDIIC & )&
WENb T Y73 2 TEH (kh~0) OWRHZANF—DHh
) O, HAOMIZE ) A A —F L, BRICIE
BIANE—ICEBEIND., DohbHahsniliiizd
DTV TIaATERIEIMICH LTCARARELRDT, T 7
SaT7HEEILARTMICE Y A A —F$ 5. KOHEL
HHOME BRI, EEERTOIAr—Fpae—1L v
MCHEATT A L &, WIFEMICae—L v MCREET
5. R ONT, FEORKIRESS SICHAL, Hmn
YT IATEMICHEET S, Fig2llbRERTw5D X
912 (static MI & subsonic MI O3B, —f&IZiEWT ~ 7
I THEROEMEW > (kode)” £ ENB[14]. 2T e

modified
PDI

A

supersonic
MI

PDI

static MI
| ke e

subsonic MI

» kole

Fig. 2 Various parametric instabilities of monochromatic Langmuir
waves. Here, # = me/mi , ke = /3.
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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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FEMEIC L VAU BAS, Z OEELME % I B 2 hE
OFEETHER?D DL Z EDSTEETH 5 [17,18]. HFEFER
THIETY b s ¥ 775 A< (EE 40 cm,
FE¥50cm) WIZERENZTVITY 75 X< (ba=05
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L (Fig.5(), #H4ICEEEOIIELIEKSES (Figs. 5
(b)f). Fig.5T, HF 137 > 7 3 2 7%, LF 134 + » &k
DRFEPHARZ MV EZNZIURT. A LE 23 %

(a) Electron Beam-Plasma Interaction

ﬁBeom

o uniform

-
\\

no(x): Non-uniform

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

(@) -E EPW (d)
W — —J
| AW
LF
(e) ’
LF

HF ——j

LF

(b) ' T ‘
(c) 181 !
j

bt
600 0
f (60KHz/div)

e
600 0

f (60 KHz/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 107 10 4.5 x
1074 [18].
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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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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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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 kg is the unstable wavenumber [22].
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Fig. 9 Spatialprofiles ofthe envelope of the resonantly excited elec-
tron plasma wave normalized by the maximum value, |E/
Emax| , andthe normalized plasma density, n/nc, fora strong
excitation case (W = 8.0 x 1074), where ncis the critical den-
sity (w% = 4rnee?/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. lts diameter is inversely proportional to the square root of the plasma density and a typical value is ~ 20
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