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Abstract

The concept and technology of collective accelerators using an intense electron beam which were
studied extensively in the "70s to '80s, are reviewed briefly. The two most prominent kinds of accelera-
tion schemes during this period were the type of linear arrangement of the system and that using an
Electron Ring as a vehicle. Although only very small activity of experimental studies has been pursued
beyond late '80s, the result of the research on collective acceleration remains relevant to the significant
phase of recent plasma science and to particle dynamics in the present high energy accelerators.
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4.2.1 Introduction
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Comparison of parameters of usual proton accelarators and expected collective accelerators.
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Fig. 2 Collective acceleration of uranium IREB parameters used in the experiments.
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ERERN R [12]ICBRETHEH/ L BHEIN W, MECHANISM PICTURE Ex
4.2,5 BKLEFE~LICL2EMMEDOERE net space charge e large

ED &5 12 LCEREN CERMEAE X Tu 55— — =
ZOPRBMRERZEZHTORV - IOV TORRIZ nductive — small
(PPN TTVEFTENL. EN R R R ey inverse coherent drag _—O_:-— small
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4.2.6 Net space charge mechanisms ;[13]
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Table 2 Parameters of the IREB used in the experiments.

DERIVED PARAMETERS
DATA
SET Lka) | L0k8) | I (kA) | 11, vlve | /1 519)
1 4.6° 16.4 43.5 12.2 1.0
2 6.2 18.8 32.3 10.6 1.3
3 14.4 29.1 11.1 5.5 3.1
4 | 8.0-27.3 | 29-52 0.7-6.0 0.4-1.7 10.4-55
5 8.0 29.1 > 5.0 > 1.4 <12.5
6 17.6° 32.7 0.4 0.2 86
7| 17.6 32.7 | 104 8.8 4.7 1.5 3.9
8 4 34.6 4 0.5 37
9 | 19.4® 34.6 7.5 4.2 4.5
10 | 7.1,12.7,
22.9 38.4 |25.7-77 |4.4,7.9,14.1 2.6 |1.3-3.9 7.5
11 | 31.4 A7.4 3.5 2.3 9.1
12 | 9.8,17.3 | 47.4 |31.7-63.4|6.6,11.7 2.4 |[1.8-3.6 8.7
13 | 17.3 47.4 63.4 6.6 2.4 1.8 8.7
14 | 32-44.5° | 48-61 3.6-5.0 2.6-3.3 6.3-8.8
15 | 4.1-42.6 | 27.5-59 ~ 1-37 0.5-5.5 3-42
16 9.0 57.7 3.9 0.6 37.1
17 | 11.6 57.7 4.3 0.9 26
18 | 11.6 57.7 4.3 0.9 26
19 | 48.4° 64.8 0.4 0.3 75
20 | 11.9 71.6 2.5 0.4 57
21 | 13.8 74.9 5.4 1.0 24
22 | 65.1P 8l1.7 0.092 0.073 333
23 | varied 82-92 0.6-1 ~ 0.2 100-153
24 | varied 82-92 1-2.5 ~ 0.2 100-153
25 | 11.3 8.7 1.3 0.2 133
26 | 13.9 81.7 5.8 1.0 25
27 | 16.421.1 | 116 2.6,4.9 0.5,0.7 55,38
28 | 149° 166 0.3 0.2 113
29 | 18.9,27.4 | 183 1.4,2.4 ~ 0.2 125
30 | 705 283 3.3 0.8 34.8

b For R = r, (because R < ry, or R & rp not given)

%161, L7225 CHIREIX, EEo&ER0m®EIcEY% %
PEER, AHTX22I0do T0A. EBRTIINNGE
25 RFAHEBLTEY—2%2EV2b—-bL, HEE—
FARBIRLTET keV O 4 F 28 L7223
5 (—foY—24 - 73 XHELERIZOWTEREDR)
BETEELALLVE2—-BEZHTV R, 5301
AROCERTI % EHD T2V, T YV RDOBRRIEDH 5D,
LTWHETHA). E, 1310 V/em TERICIZEREV,
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Table 3 Various sequential coliective accelerations (continued).

F_*1J & (J)
DAT. I0NS ne —
SET [Type | & (MeV) | N t(nsec) | 1;(A) | 4;(9) RO
1| p 0.8 pot3-10M | 5.8  |200-3,300)| (1.3-13){(4 x 107 - 4 x 107%)
2 | p |o.1-2.1 pot2-1014 (0.3-30)
3| p -1 1013 3-5 | (-~ 400) | (1.6) (4 x 1074
4 ions observed only above threshold at Ie 3 I2
5 | p [2.5-3.57 l -6 | l |
6 no ions
71 2 10'l-10'%] 20 [(0.8-8)
8 | p |1-3.8 1012 |s-10 [(16-32) | (0.3) 2 x 1074
9 | p |~1.8 |10t2-10" (0.3-30) ]
10 | p 3.7 |1012-1013 (0.5-11){(7 x 10°% - 2 x 1073)
1 |{p |1.sz2]| 108 |3 (400) (~0.3) (5 x 1074
12 | p | 212 [3x010€ [~ 4 [-1.4¢ (0.06) (6 x 10°%
13 N reduced 102 - 103 for 0.5 kG: no ions for B > 0.5 kG
14 | p |~1.5 |1083-10'%] 5-8  [200-3,200)| (2.4-28)(2 x 107 - 2 x 1073)
15 | p | 2-14
16 | p |as 2x102 | 3 100 (1.5) (8 x 107%)
17 | p |<4.5 -1013 | -5 (320) (~ 1.6) (5 x 1074
18 N reduced to minimum at 0.8 kG: ions peak ~ 2 kG due to cusp
19 no_ions
20 | p [4.5-6.5 |2.8x1012 |- 3 100-200 (3) (1 x 1073
a |p 1-5  |10'l-101? (0.05-50)
22 { no ions
23 no ions below threshold at IE » I2
24 | p(in H,) |2-5 -~ 0.4 (3 x 1074
25 N reduced ~ 102 and jon energy down for 7.8 kG
26 P 4-14
27 p 3-8
28 no_ions
29 | p la-16.5 |2x10%d
30 | H, [18-40 | 10%° (0.03) (8 x 1078)

At p = 0.4 Torr

YWith & > 16.5 Mev

PRI URESE L7 MR R 135 01, B BTTgER+
GTHY, POMEE EHIZEEOWK, LidoTH
M BHEIVETT LI E2EHICBLLENDS.
4.2.10 FEBRSHBOFIEA

4,292 BRI ENC X 2 ERBMMERR, EHIC
ROBEMZRORZ T 1 79 X< iicphie S s K
BEZHVD AR —AI3EZONRVY, ERITTOBE

FELTORTE—24, H50vE7TI A~ ICEEMERYT
HEESTIC, WO TEROMER D H[19]. KIEIE
DTG ARFEOB/EL LT, BN IERENEOES
D (wavetrain), d L X735 X<V b AL
HOBEONB L IN. SEIEORENFPELPICE
NTWAB[2014%, E7 b DIZIERTIE O EBDORERTE
HEOMER, FEAEE L OBEIIBWTCOITHORE, ¥
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5. MBLERITORTLLY, EAERMT A e LT

Wi, HEDMEICAD T ES0T, FEMiESCE12)
[ R (A

(T4 12 3 stochastic acceleration [21], impact accel-
eration [15]D L) BELRZLDHY, ThENIITIA<
WO TIIBINTH 505, BIRTIE, FOEHS
LT R BHOMRIFAFORETH .
4.2,11 IREBICfE>THRICEU B 1+ X
UTEBRBRICOVTERRS., s 2 EEBIM.1TR
BENGBEEHT L) IGERMEEZERTL I
EREINTVEY, FERENTHEREH L 220IER v,
ZRHICBI &L, S Introduction 12728 <,
BIZIREB 2 2 (27213795 X <) HiZEATS
T, ERICE-NAIRTIETHIHATELVE
FRIMESBR SN TY S, BlFEREDTEL, »h
WHRBMETE R VA0EURT O L Y 2 —[12]12 X -
T, IREB (Table 2) L W SN B4 F VY DING A—%
(Table 3) DREP % 7R,

IREB + #AE 7S T ARRDINT A= i34H L
bL2EDH Y, TNOHETRTEEL TTS D Ofk—RyHE
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Fig. 3 Sequence of * natural collective acceleration.
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T - WHOMBEOMAEERIN TS, ZOHBOR X

ok ] Zb I TRIBADAR—APRVOREETH .
p Olson DFEIEEE, Il —Yarloxhiico
1 WTHELDOWMANDH 5. fllcx OFFITOVTIEBBL
i REFR—HEATVSL L INTWSD, Olson @ RiF
WWERILTLITAICHAL TS b TR,
W T T X A~DASEBRPRIED T2 DIZE T h
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W 558 L HEChPDb S L) REEOBERBHEAY HLL

T

v
%

]

. ions reported
] o[ noions reported

0 o ——EEEED --== Olson theory
i seeraon " Twp [12]. IETREI LS FoTVBERD
ME ! 3 S ERB\BAV.
— el T wd (2) YIalb—=vav
e/ s B ER EBORIEICE D, SR E 1% DM

Fig. 4 One example of numerical simuration of collective
acceleration of particles.

BIAT TV 5[25]. RRHVAs—F751) % Fig 4 125
LTHBL. Olson DHEFHEES LEDETAS & BEREN,
4.2.13 #BEE —LICL 2 EGEHEMNIBED IR EER

IREB Jon source ton bunch Jow pressure. BMOTEL DEBFEELEINT L OLIILIEBE
. odme VEFET B EENEROBNORHT, Ra k) #

, = #mEOUMEIVOTHS I A Olson DHREHS bl

TTITTTTTTIT. et b, s bt e o ki<

Intense
Hight —»
pulse

3Rk% ORIFID D o T, ERMRLMERICRYBENS
LEINFEFTOMIIIZILoTDIRLALHLPTHL L

light pipes

Fig. 5 Schematic figure of IFA experiment.

Table 4 Experimental result of ionization front accelertor.

virtual cathode control, helix
transverse sweep
transverse sweep
scanning and rotation
transverse accelerator
moving crossover
expanding plasma
caviton sweep

HIPAC

IREB/torus

spherical well

Category Concept Authors$
net space charge ionization front accelerator (IFA) Olson
ionization front Kucherov
ionization front Hoeberling
virtual cathode control R(z), y(z) Miller

Boyer et al.
Alfven, Wernholm
Johnson
Kolomensky, Logachev
Olson

Agafanov et al.
Goldenbaum

Wong

Janes et al.
Rostoker
Verdeyen et al.

envelope motion

moving magnetic mirror
moving pinch

localized pinch
focusing instability
synchronized pinch

Kovriznik

Veksler; Benford, Benford
Putnam

Tsytovich, Khodataev
Irani, Rostoker
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B2 &9. ZOREE A SHO IREB O/ HIHIC
Lo TYVIRT L) ETEERDEFLEEHBH. Th
LDLo b HEHRVEDEUTICERTS.
Net space acclerator

DL BEROH % Table 4 IRT. Bzt OREREAT
& 5 7% net space charge ZDORENEETH 5 IFA
(Ionization Front Accelerator) &, RF ¥ VOB %
BRLTEIICA S V2T L 00RDERLER
THbHAF ALDEE§ 5 Hifg 2 B2 IREB I 5 7200
TiE%RL, V=V —HoBHICL> TR LELE) T3
bOTHBH[26]. MHEIZL—F - —7 v 2k
STHISN, A4 VHOEBEZXOLSOHDLI LT

Table 5 Parameter of magnetic acceleration in ERA.

é"e 600 keV
le 20 KA
] ty > 10 nsec
=
b 0.5 cm
2, 1.2 x 1010 y
& > 120 J
L 10 cm
6
= Eo 10”7 V/cm
& p 0.03 Torr
-5
é’uionize 3x10° 4
2 5 x 10° W
T 1 nsec
é”l 0.005 J
L=
S| 1.5 x 108 W
-
T, 10 nsec
é"z 1.54
é"_i 10 MeV
% N 1012
o
5| 2 1.5 x 1010
g 1
Ti 0.1 nsec
& 1.5 4

4. SEHRINES L KEERER -2
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electron ring before

after compression
and ion loading
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el

accelerated ring
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Fig. 6 Ring formation in ERA and potental in the ring.
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OB & ERT.

B —AERSCEEICAT SN, U Y 72 Ebh,
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Fig. 7 High frequency acceleration of the ring.
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ig. 8 Electron-ion instability pattern.
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Fig. 9 Heavy ion acceleration (evolution with time).
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Fig. 10 Ring compression ERA and static ring formation with cusp magnetic field.
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Fig. 12 lonization time for each charge state.
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