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Effect of a DC Electric Field on Spatial Evolution of an
External Wave in a Small Cold Beam - a Weakly
Collisional Plasma System

Osamu FuxkuMasa and Setsuo SAEKI

Abstract

The role of an applied static electric field on the nonlinear wave-particle interaction in a small cold
beam-plasma system is investigated by using the single wave model. The model includes detuning 3,
the difference between the frequency w of the wave and the frequency w, of the most unstable mode,

and weak collisions v in the plasma.

In the absence of collisions, the beam momentum can be clamped while the wave power increases
secularly in space, Besides, the wave enhancement is strongly dependent on the sign of dw=w—w,.
For a negative dw, detuning leads to an increase of the wave power comparing with the one without
detuning, It is also found that weak collisions, v/w,~1073% can play an important role in limiting the

wave power enhancement.
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Fig. 1 Spatial evolution of wave energy E?(p)
in the presence of a dc electric field Ej ..
The curve (E4.=0) is the saturated beam
instability in the absence of E;. The

saturated amplitude E; is 0.78.
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Fig. 4 Spatial evolution of a phase averaged
velocity distribution function for Ege=
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Fig.6 Dependence of runaway production on
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Fig. 9 Numerical solution of linear dispersion
equation in a beam-plasma system. Plasma
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Upper: Real part of the wave number
k/kp vs wave frequency w/wp, where kp
is inverse Debye length and w, is electron
plasma frequency. A branch labeled a
is 2 mode of beam space charge wave,
and a branch labeled b is a mode of
electron plasma wave,

Lower: Growth rate corresponding to
the branch a as a function of w/w.
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Fig. 13 Spatial evolution of a phase averaged velocity distribution function
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Fig. 14 Spatial evolution of wave energy for
various weak collisions in the presence
of dc electric field, E4.=1.0.
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Fig. 17 Phase-space dynamics at n=24.0 in weakly collisional plasma system,
where Ez.=0 in (a) and 1.0 in (b).
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LES>ZETHHY., LHEMTO Y~ 2K FOBE
DB EE2BAM (p=12.2) P — 2f FOHERF
(bunching) REEM S FHT—RUZHHLIZ LD B, &
HRFHCERIEFC LV BEE E—- 2B T LOROES
—EOMHEFENHINE D TH 5.

ZOXHIRAT Eqe AEIMTAE, Al LD
WORBIIIAT S, Ege=L.0 DB/ LB L,
B ORMBIHEAT L2 9=12.5 fETHRERE
oML CLES. Fig. 14 OfREYBERTDH L,
ORML L Ege B DA =5 A F — L HRE(F
A X2 E=31F - LDOHHFC LoTHR S, Eae
PRETERL LD F A F -1 3{iINET ; O
RTHMN, CoBrEmR sy s X<hcoB gk
HLTwb (Fig. 1 20 Fig. 2 v R).

AR BT € — 2R FoiEEY Fig 17 1R
T, E4e=0 0&it@), BFOEE & 11005
2z DRIOIERIR-HHLT5B, LHL Ege=1 28
HmIh e BEciz®), —MoBTILRELET L7022
Lo, BY OB FIELL TE OISR L T
B LEISRIELT WS,

4. HH VI

BFE— 2 - 75 X< RO E—R FHEE
FAXAmMLI Ese X - THE LARLERT O RIE
BHAILBLBEICOWT, B—EE 7 A X R
Fviab—va vEfFoto., SO®F AMTIIERD
HRBIV T XA=FORCERHELIE T TE

v, BEOBBCHEVWLD L/t Tn5 . AHRTH
LR RYUTCEHTS.

(1) Ejc O X b REEEB O HRIESAM L~
DOYKTHZ EREER N, LaL, Eie OHIIIZ
XY E—2BTFO —MLAEBT Lt-oTLESD
T, BRI QP OMERIT S foditit Eqe DRKES

75 A= RO IR EEC FUE TR SO

(181) 181

5 EBENFETS.

Eye=0 ORORLRERBORIBLAMMELY E, &T
L, Eje OBBEIY Ege=1.3E, BETHS. h
PEDo Eje EIMUTCIBBICIAA =2 A ¥~
BREBFEMETEORTEDO=F AL F—~DOER
HRIL T2 —HTH 5.

2 BEROBHFICOWT [So/w<0.02 DFET
R L. Ese Bl X 5 BORIBERESIT 600
ThiE, |do] pikE\izE Ez HINC X b BEids
BXh5. flxil do/w=~0.01 OB E;=2.6 E,
THo-Th T2 EmL CHEIhS.

—%, Eg.=0 OBIIL d0>0 OBENEOMAF L
SAnkE A, o T, Eiw#t0 OBFDBEEIT do
T 2R OB i e s . Thbfifiv <1
D o EFEHCOVWTIE, €= 4« 77 X2ROKEK
SEADOROWE X b HBHES .

() EFQ), @D0B&TS 3 X<hoiH HRIER
(b/wp~10"%) X » TAELSEEINS,

MEF R E L TARPIRCHB I T
Er—F CHEER) B35, vk, APFROK
ML 1R TR 2 v & — D ACOS-800
I ofrot.
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