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Abstract 

.A lligl,-txnt-rgy electron beam facility is under commission 
at, t,hc Mitsubishi Electric Corporation. This facility con- 
si5t.s #.bf a 2OMeV linac and a IGel’ synchrotron. The 
syll c-timt,ron is designed to act as a storage ring as will as 
an injtctor to a compact storage ring. 

1 Introduction 

11 iligtl-f:r:crgy electron beam facility is under commission 
:tt, tli,’ hIitsubishi Electric Corporation. 

Hasir rl:search for industrial applications is planned with 
this facility. The applications include synchrotron radia- 
tic-II, jSR ) for lithography and mat<arial analysis, generation 
itn~l :~~~~x.s~lrement of positrons, and free electron lasers. 

I‘t II t,uilding containing this facilit,y was completed at 
ttct. t,11,.1 of 1989, and initial operation of the systenl has 
lK)2,illr. 

I II f Isis paper WV describe the higlr-energy electron b+arn 
Tit~~iliI;;. The main subject is tll<: design of the boost,+.,l 
s!,~i~r.liI.~r~t.r~.itl. 

2 Description of Facility 

‘1 hf. C~II figurat,ion of the system is shown in figure 1[1]. It 
0~lisist,s of a 20MeV linac, a IGeV booster synchrotron, 
I~I.;LIII t VitIlSpOrt lines, and an 8OOd~leV storage ring. 

nit., IilIac> the synchrotrou, and the beam transport lines 
11~\,t. t?f,cli installed and the elwtron beam is under com- 
llllsc IC>ll. 

2.1 Limx 

‘1‘11<. linac was built in the Con~rnunication Equipment 
\\-t,rks of t,he Mitsubishi Electric Corporation. The main 
~ar;trli~,t~~~rs of the linac are shown in table 1. 

3.2 Storqe Ring 

AII ~.d;t~V storage ring of racetrack shape has l~cm de- 
si,qllt,Gl. This ring has a pair of superconducting bcitding 
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Figure 1: The high-energ) ~.~lcxt.ton bciinl fwilily XIII-I 
the synchrotron laycxlt. Hh;l: bending Illaguct.. QhI: 
quadi-upole magnet, SM: sextiupol~: mag1it.t. 5’1‘: stwriIig 
magnet, SQ: skew quadrupol~ magnst, RF: 131; ra\.ity. Tnf: 
inflector, K: kicker, Def: IMlcctor 
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‘Table 1: Main paramct,ers of the linac 

lhergy 2OMcV 
Curre11t. 1 OOmA 
Pulse width 2.5psec 
I~~p~?t.ition 3H2 
Ci~ergy spread ztO.S%~ 
Il;rIlltt>allcc 1.37inrnr . mrud 
‘l’ui~t~ Icngth l.fim 
Ac~.elrration Frequency 2.856GHz 

Table- 2: Main paramc‘tcrs of the storage ring 

maj.y~ts v;it,h iron shields. The main parameters of the 
Stiil.itgi. ri 11g arc’ sholvn ill table 2. 

7‘11t: l:,t.a111 is mainly ill,jtct,ed ai. the maximum energy 
jO.hGc 1’). v-!iilc a beam injected at a lower energy may be 
;t~~~~i:lcrat,,~~~-l as ;LIL option. ‘Tllc: magnets and other compo- 
uttllts a~‘,’ ~:urri:ntly being fabricated. 

2.3 Syn&rotron 

.1‘1 ~,.a p’.iII~~il>Xl filllction of l.lit. bol~si.cr synchrotron is to pro- 
vit.lt~ the, w:rt:li.rittd ela~tron 1)t~a.m (O.RGeV) to the storage 
rillg. ‘1‘11~ ~k.cotkd function is to st,ore the beam and use it 
its im ST\ source. 

‘I’h<: IaLrout iof the components are shown in figure 1, and 
the TII~L~II p~mt~ii~Arrs are shown in t,able 3. 

2.3.1 Latticr? 

‘l’he latt,ic-t: t,ypc: is FODO. III order to install sex- 
tup~ol~: magilets (SM) in t:very other straight section, the 
~~ll;td~ll~,c-~lc ln'LgntA5 (QM) 1 ~it\‘t: to be located away from 
the I-x:l,dirl~ lllagll”t (BRI). I1e1~ce, a superperiod requires 
1,i*;o str:aiglLt scct,ions resiilting ii1 a lattice structure of three 
sprrpt-riods. 

Tllr, lat,t ict., parameters arpi summarized in table 4. 

2.3.2 Mag”et,s 

Ill addition t,o the bcrlding, quadrupole, and sex- 
t,upole m;tgltets. vertical-steering magnets (ST) and skew 
~111atlri~po1e niagnets (SQ) arc: installed. In order to steer 
tl~r L,t.:t111 horizol~tally, the trim coils of the bending mag- 
rlc.ts (HXIT) are excited. 

‘t’ai,lt 5 sunl:tmrizes the number, strength, and opera- 
l.ioiial mode of each magnet. 

Table 3: Main parameters of the synchrotron 

Energy E 
Current, Ib 

Harmonic number h 
Circu Inference c 
Bending field H 
No. Bends ILB 

Bending radius P 
Repetition 
Radiation loss uo 
Acceleration frequency .fRF 

RF Voltage I/RF 

Coupling factor Ii, 

1 GeV 
200 ?Vlil 

15 
34.59 IV1 

1.5 T 
6 

2.22 7n 
2 Hz 

40 keV/turn 
130 MHZ 
loo kV 
0.1 

‘[‘able %: Lal,t,ic.i: parxnett?rs of the syncltrotroli 

Tune I/* 2.23 
"Y 1 21 

Strength of quads A-j 2.39 ??I. -2 

Iid 2 12 m.-2 
Ernittance G!? 0.105 xrnm 7111'<1 d 
Energy tlispersloll CJL: 0.053 %I 
Momentllln cornpactioll ,kI, 0.146 
Beam size “rmax 1.73 171 m 

~Z,,,,, 0.86 ,VXVl 
n Y rn(12 0.60 fVb7n 
gYY,,,," 0.32 ,WWl 

Bunch length ffz 76.9 mm 
Quantum lifetime ‘Q 203 hr 

Table Ti: R/lap~t parameters 01 t,hP synchrotre~n 

Number Strength Mode 
6 1.5 T AC 

12 9.5 T/m AC 
SM 6 140 T/m2 AC 
ST 6 0.05 T DC 
SQ 6 1.7 T/m DC 

HhlT 6 0.015 7 DC 
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Table 6: Synchrotron injection and extraction devices 

~ 

Table 7: Design parameters of RF cavity 

Cavity inner radius GO0 mm 
Drift-tube radius 160 mm 
Cavity length 350 mm 
Acceleration gap 12.2 mm 

Q 19700 
Shunt impedance 1.46 MR 
hl axi mum field 1 1 I; v/711771 
L!oupling coefficient 1.80 
Phase angle 0 - -51 dw 
0111,pl1 t, power 20 kbt’ 

2.3.3 Injection and Extraction 

The linac- beam is injected through an electrostatic inflec- 
tor \vitlc the aid of three magnetic perturbators. With 
tht,sr. devices: t4ght turns of electrons are captured in a 
ring acceptance. 

The acr-c~,lerated beam is extracted by a septum mag- 
net (deflcrtor) with t,he aid of a kicker magnet. For this 
small sync.llrotron with a turning tiiw of 115ns, it. is a re- 
quir~~ment. that the kicker is excited in a short risetime of 
407~s. This fast rise has been achieved by use of a double- 
cndtd Hlumlzin circuit[2]. T a bl e 6 summarizes these injec- 
tio~~/~~xtracf,ion devices. 

2.3.4 R.F system 

Thcs dt4gn parameters (calculated) of the RF systPm are 
shi~\vn in t,ablc 7. 

2.3.5 VncllIllll 

A pumping system is installed such t,hat a pressure of 
tn-‘f’tr is rnainttiued when the beam is stored, and a pres- 
sure’ c~f lo-” ]‘(I is maintained for the acceleration mode. 

IVhile billows chambers are currently used for ac- 
cf:lt.rittion csperimrnts, flat. thin chambers mechanically 
strell;t,heiLld with rib structures will be substituted for 
futurt. storage:. 

2.3.6 Br?:wl Mouit,ors 

‘1’11,. b<,arn monitors installed in the synchrotron are as fol- 
lows: 

two fast beam current nioltitors wit,h risetin1r.s of 
O.lpsec, 

a direct beam current monitor of 0111’ ccorc t,vpr,: 

it wall current monitor wit,il :?. risrtiine of ;nn, 

six beam-position monitors of [).ln~n~ spatial r~~~s~llll- 
tion, 

a betatron-frequency monitor with six knockoll t t:l~,:- 
trodes, 

an SR monitor installed in a thin flat chamber in a 
bending section, 

four screen-monitors, 

a beam scraper with four tjlades, 

eight gamma-ray moni tars distributtd in~i111~1 t.lkti 

chamber. 

2.3.7 Cont,rol System 

The beam signals are recorded by computers 1.i;~ ( !.~\I\IAC?, 
GPIB, and RS-232C interfaces. These intt:rfac‘cs arr: (:OII- 
netted to local personal computers and a host compu trr. 
All computers are networked using Etherntzt. 

Two console computers independently work as man- 
machine interfaces. One cm operate the accclc.,rat,or fr<sm 
the main console, from local stations in t>hc cnntrol rooln. 
or on-site. 

3 Summary 

The high-energy electron bt:;t~n facilit,y of hlitsul~~ishi El<+ 
tric Corporation consists of a 20MrL7 linac. it I(:( I’ syu- 
chrotron, and a superconducting storage ring. ‘Phc: lal.- 
tice, magnets: jlljectiorl/txtr~tc-t,i~,ll, RF systr.rll. vitl‘l~u III! 
beam morlitors, controls of the l(i’cv synchrotron arts prt.- 
sented. 
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