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An i;-,.+l,~ll ..-i?rv cr' ?RP. :~seai-$2:: P1an ix 
Japan is given. The system has a field emis- 
sion electron gun producing several LA driven 
by .a Yarx and a Blumlein during some tens of 
nsec and a large vacuum chamber made of 
stainless steel into which the electron beam 
is injected and captured. The coils for 
compression are placed inside the cham:ber and 
produce a fast rising magnetic field. The 
electron ring has a final radius of about 
2 cm and the energy of electrons should he 
about 10 Yev. Special attention 
I:- given to the theoretical and the experi- 

mental studies of the collective phenomena 
related to the ring stahility just after the 
injection, the possibility and the efficiency 
of the acceleration of a charged bunch with 
an !?F cavity, and other problems of the 
instabilities that may arise. 

Introduction 

The research of ERA in Japan has been 
continued ~i~~..the last three years, espe- 
cially c+, the Institute of Plasma Physics in 
Id:.gcya University as a co-operative work of 
the scientists belonging to many Japanese 
organizations concern?? :%!ith plasma physics, 
nuclear fusion research and accelerator 
technology. The plan is progressing in the 
_ arc ..;:,l,l* ,-I' IJJ~ st,,ily cl plrisna ~-l-i:5lcs h-hi:,- 

‘eat l'"]'-l^-2.11~-* is x,i:?'; ,?.Cta lilf31 t>c :I:0 
studs of the character of the ring as a 
relativistic plasma and to the technical 
feature of the high current electron beam 
neneration for f.;sion research more than to 
t!le research for a very promisive neTa 
accelerator. 

The injection experiment of the electrcn 
t-am of 600 keV into a static mirror field is 
just start; -. The capture of the bean in the 
botatron orbit and related collective 
phenomena ;ire no-#? :.,I,.?;, i ': 5 / : _ ry 1 I c :: . 

Co-axial '.larx Ger‘sratcr 

As ,a source for high intensity electron 
?ieam, the field emission type electron 'qun 
,,+?,s chosen and ririyren by a simple "Marx. T,o 
%I1:t a suffic;ent!:- '3: /; .~/ 2'1','.:; t the Varx is 
,Issenbled in a ccmplete1.y co-axial construc- 
tion. Fi,q. ; !;hcx!; its cros:: sectInn ;ind t1is 
rated value-are given in Table 1. Tht? 
ir.ternal inductance of t::e %rx is cstin,lted 
tc hf? ~AbCUt 100 91. The field emission <gun 
with multi-needles cathsode ciln prcduce an 
:ALectrp2n ?u1::c nf 3Ofl k2'7 .%e;ln energy, 30 k;l 
peak current, ,a.cd a duration of 10 nsec 
r\rhcn opcr;i=in,T into a n;:tchod l.oad (1.0 “1. 
nn exixplc of the nut p;lt pu! SC is given in 
'r‘i ~. 

6013 kV Biuml.ein 

:'h.~r ytar:< would charqe the Clumlein, 
>jhich ITS directly connected to it. The out 

put pulse should be shaped to get a better 
operation of the gun. Fig. 3 shows the 
geometry of the Rlumlein. The circuit is 
now under test and will be applied soon. 

Induction Linac as a Booster 

As pointed out in the experiments ,lt 
Dubna, Berkeley and Garching, the gualities 
of the injected beamt have a large influence 
on the capture efficiency and the collective 
phenomena. They #are supposed to be serious 
just after the injection into the compres icn 
field, such as negative mass instability. B 
T'Te would improve the relatively large energy 
spread of the output beam as seen in the 
commercial Febetron accelerator by addinq the 
induction linac as a booster. At present, 
the final energy of the electron beam is eet,i- 
mated to be 4 "IeV. The detailed design of 
the linac is ~-ciny i-n-estimated acd it is intcirr! 

to be constructed with the budget for 1973. 

Vacuum C::tlll.e:: and Inflection System 

The TI;~CUU"I chamber, in r~ihich the c,iptured 
beam is compressed to form nn electron ring, 
is lc:-ge enL3qk tS: z;:n-Lkin :]I.? i::il: 
for compression, 90 that the pill box model 
r+ould be well adopted to estimate the effect 
of the surrounding walls on the beam stabil- 
ity. The chamber is __ I- - 7. p c 1, l. f. ] i‘ y t,;., 1:,hclY I:; 
Duhna than to the c:~;~~'t‘:::=';r in rRL.2'? WE 
rr;ill examine cxperimentxlly, the influences 
of various wall coatings on the negative mass 
instabilities expected at the injection 
period. The vessel is made of stainless 
steel and can he evacuated, with a combina- 
tit;,o;,a~,in~ pump Tnd,a turbo;mqlccular 

tcrr if It is ba.ieu to a 
sufficiertl, :;i,.( temperature, say 3OO'C. 

The Learns cf 600 keV are injected into 
a static magnetic field through an i-i-on 
snout in the chamber at the radius r=24 cm. 
The static field of 120 gauss is produced b;; 
A pair of coils set outside the chamber and 
the electrons arc capt.ured by{ the self-field 
of the bean and,/or the T.iork of the inflection 
pulse. The electrode plates of the electro- 
:-static infleztcr arc set n:.onq Zhc; txo 
concentric circles in the vacuum chnmber to 
which <a rectangular ~ul.so ,*lith y/cry shcrt 
rising and fill.ing timi.:; is spl:li.r~il . The 
pulse has a lcnqth of 5 nsec .lnd is applied 
tr, the four separ;ited inflectors, charging 

- 
* p acult: elf SC: irnci,, Y;~naz,i:~~a rjni.;cr:;iti, 
** Insti tutu: for ::ucIear Study, 'TO k,JO 

IJnivi>rr;it:y 
*** Facultv of Science, 

Educ,ltinn 
Tokyo I;ri-ii:rsi.ty of 

:. \‘ -3 t io n i 1 ,I ,,iboratcry for I!igh Fnerqy 
"hvsics 

280 

© 1973 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.



them to 20 kV. Injection into a static field 
is expected to reduce the ambiguity accompa- 
nied with the phenomena appearinsin the very 
short beam. The beam life will be over 10 
psec at least, and we will have enough time 
to analyse it. Yulti-turn injection is also 
possible, but one turn injection scheme will 
be the most promising. 

To generate the inflection pulse, a line 
type pulser is constructed. A set of co- 
axial conductors with outer diametersof 200 
mm are installed inside. A matching load 
resistor of 5 K is also set into the co- 
axial system. The sketches of the vacuum 
chamber and the inflector system together 
with t:?e pumping unit are shown in Fi:;. +. 

The coils producing the compression 
field would be placed in the chamber. The 
compressor is composed of a set of three one- 
turn coils of different radii. The timing 
and the intensity of the current flowing in 
them are programmed. The final energy of the 
electrons should be 10 YeV and the final 
magnetic field should he about 20,000 gauss 
on the axis, some modifications or recon- 
struction of the chamber -will be necessary 
before we try the final compression. The 
schematic figure of the coils in the chamber 
is shown in Fig. 5. 

Test Run of the Injection 

Very recently, the whole system except 
the linac and the Blumlein was assembled and 
a preliminary injection experiment was 
carried out. Several hundred amperes of the 
electron hcam were obtained at the energy 
0 t 5 5 0 keV at just in front of the gun; the 
injected current into the chamber, however, 
is measured to 21.e crier Qf 10 A due to 
the relatively poor focusing system. This is 
clearly far b'elow the threshold over which 
some interesting collective phenomena will 
appear. Fig. 6 shows the injected beam as 
measured in front of the gun. The experiment 
hns been continued and the intensity vqill 
he increased to confirm the capture of the 
beam. 

Future Pian 

Our future plan is divided i.nto three 
topic.5: 
1) -:-n.:ratior. of muci more hiqh intensity 
and hig!l enorgy electron beans. .r,. .i' Y.., i-r;..,,-- 
timon linac will be prepared within a year and 
a l;e5: 2 ‘;'.' co-axial '.Iarx is .ilr,o under 
construction. These improvements of the 
technic,:1 fe,iturcs will make possi.ble the 
clc?r understandings cf the injection .:nd the 
~:,zlat,+!d :>iiCnorlena . 
2 ) [“,2 ;*i;ll Proceed -,;-i.: ,/,- ', :' r-jl~:,‘ 7.~1 8,. m..: 
some izstahilities which nay be found as the 
-1ectron inth-nsity j.ncrelncs from the point _ 2: '~1~3';: of the plasma physics T*:ith the co- 
,oni,r,?tion of t?.eoreticians dc;llinq wit:? this 
rlclil. in ri>7;!1?i to t?t, t:lr~,~r,2eic~t1. re- 
': P 3 r c 'I , !-I?,? suiral injectj.on - racli<ll or 
a:;ic31 - e::;>c;.lTent j I; ;i.l:;o pl ?nneri in ardor 
'-3 ,g"t 1;':'41? '. E,/T: value :n jmpro-15 the ring 
~~.::,lti.Litl~. 
i) ',I .I ', '1,‘ 1;:; ;: “;";, nf .acccleration 
<:E ri hi,?!? intcnsiti relativistic clcictron 

bunch by a single unit or a series of 
cavities. Yany theoretical works have been 
done to calculate the enerqy loss of the 
charged bunch of particles passing a cylin- 
drical cavity or ifs6infinitely large 
periodic sequence. So far as we know no 
complete experimental demonstration for the 
radiation loss has b+er. ;i~r~r. We will 
carry on research in our laboratory with 'IC 
experimental as wella: 3 theoretical approach, 
where an intense electron beam will be 
studied by analysing its energy spectrum 
before and after passing through a single RF 
cavity.7 F'e easily come to the conclusion 
that the geometrical dimension should be 
very large, to deduce some !<nowledge about 
the radiation from the beam streaming into 
the cavity, by comparing the two energy 
distributions. Two alminium plates of 3m x 
3m are combined to make a capacitor and an 
electron beam of 300 keV and 5 kA lasting 
10 nsec passes the capacitor perpendiculary 
through the hole of 10 cm in diameter at the 
center of the plates. The experiments RTE 
now progressing and the preliminary results 
will be given in the near future. 
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Table 1. Parameters of the 600 kV 

co-axial Yarx generazor. 

jUTPUT VOLTAGE 600kV 

:HARGING VOLTAGE 6 OkV 

NUMBER OF GAPS I 0 

CERAMIC 
CAPACITOR 30 kV 

2OOOpF 

NUMBER OF 
CAPACITOR S 

160 

STORED ENERGY I60 J 

RESULTANT 
BOO PF 

CAPACITANCE 

)UTPUT IMPEDANCE IOn 

SIZE 35&1500,, 
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Hs50 nS/div 

V=600 kV/diu 

Fig. 2. Out put pulse of the Yarx 

generator. (Load resistar.ce 
= 50 Cl 

Fig. 1. Cross sectional view of the 

600 keV co-axial Yarx generator, 

PULSE FEEDER 
\LNFLEcToRs . 

Fig. 3. Geometry of the 600 kV Rlumlein. 

v 
PUMP 

Fig. 5. Schematic figure of the 

compression coils. 

’ IJWMPING PORT 

Fig. 4. Vacuum chamber with 

inflector system. 

H = 50 nS/div 

V= IO0 A /div 

Fig. 5. ~Qscilloscope pttcrr. of t::,~ 

injcctetl bn,33 in front ,7f- ,-:;I~I. 
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