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A&C;TRACT 
Dpsign and construction of a 25 MeV superconducting 

1 i nfl<' hHs t,..en stFl.rteo for a free electron laser oscil-
1 <l t i Ull at 10 --- 20 J"l m infrarf'<:l wave 1 engths. (Phase I) 
The linac ('onsists of a 250 kV grid pulsed gun, an 84.7 
~1I!z sllb-haT'lIlOn i c buncber, a 508 MHz buncher, two 508 
~TIlz supep,onducting pre-acclerating cavities, and a 
:'08 ~111/' sup<>rconducting multi-cell linac. Beam pulsing 
"i 11 b" made hy using a triode glm with a repetH,ion 
I'Itt" of 12.1 MHz wit.h 4 ns micro-pulse width. Design 
panlmf't"",s of th" injector and the bunchers are 
tll'id'l:, dt's'Tihe,i. 

Introduction 
R"scaT'ch and developing program for free electron 

las",'(FELl has been st,arted at JAERI, aiming at a 
IXMerfuJ light. source wi th variable wave length. For 
th" oscillation of FEL, a very high quality electron 
beam is required: t.he relaLive energy spread aE/E of 
1% (JI- l""s, high CUI Tent. density, and the emittance 
(1L:<x') I f'SS t,han t.he wave lenght of t.he laser light. As 
Lilt, !lormal conducting linac may have difficult ips to 
mainlain beatn enprg,' homogenit.y and stcthility during 
fa Ll'l y long beam puIs" of about 100 J' s lu build up t.he 
la"pr' "";:'i llation, "..., did not, adopt the improvement of 
Ih,' ""i"ling s-band 120 "'!pV linae. 

Tn t.he' pha,.;,., T of this prnje('t, \-!f" will const.ruct a 
sUPP""()JI<hlt,t.ing linac "hieh is suit.able for t.he 
long pulsed beam 01' HI" CW operation. The 
ma':iflllllll be:.tln energy is expected to be 25 MeV to 
oscilla!.,' infrared \,IaVE' length of 10~20~m. Two hind 
,,1' 0l~,,'''t ion modes are considered, CW mode and a 
jJIII,.w mod" "it,h 1 rns macro-pulse "idth and a repetition 
I',dr' (If 10 PI'S. The ,.;ystem ",i 11 be constructed 
ina ""\ i T'ed Van de Graa ff acc'p herat.or target, room. 
Til th,' f"llm,ing, ci,'sign specificat.ions of the phase I 

<.;t:1g., :lI", , d"SCTih"d bl'it'fl.l'. 

El '_" 't.I'on Gun 
TI/(' ,1,,'1~' "i' tllP elp"tr'ode st.ruct.ure, Hhich directly 

",,"I "ilnll""; ttl(' qllality of t.he beam, is designed to 
I'I\'(]U"" 'I small diampLer(_ 2mrn) , 10" emit.tance (IOn nun 
1111"'1.1) Ix',un "it.h a CIIlT"nL 100 mA at. t.he accelerating 
",,]Iag(' "I' 200 to 2:'0 1\\'.[1][2] A thennionic cat.hode 
"ilh a t~I'id slructure (Eimac Y646fl) is used to emit 
h,'''''' 1'111"",,, of 2-1 TIS micro-pulses Iolith a repetition 
;:,11' li',1 ~nl;',. 1'11<' "T'id pulsing is driven by a 
pills, ;UII]> I it'il-'I' using lIIi,'r'o,,'av,", lriode tubes.[3] The 
SFI, i",-,111,,1 ion gas hill hI' fill"d armmd the gun 
hi~1r ,',,)la15" ('c1'li[>III""I." , 

Sllh-harlllOll i (, Hunchc'l" and Buncher 
'I" i, I-;-:-I-:;;is,-:----ih" --,:"~rt'e;;"t- -;i"n;-,;il~;'i"'il'the mi cro-pulse, 

"TI,l 1" l'prlll"I' t hp PTlP,'g," spI'ead due to phase spl-ead in 
I h,' "''' i 11 'i' 'Ct' l"r'at OT', t he beam from the injector is 
'"mp'" '"s, ,<I I >Y H slIt>-hal'lll<)fl i r: b\U1"hc~r of 84.7 MHz and a 

I""" h,'" of '>OR'll1/ .. II] Tlip latt.l'r is used as a 

deb,mcher. The maximum gap voltage of the sub-hannonic 
buncher is "- 60 kV, and that of t.he buncher -10 I,\', 
The 2-4 ns, 100nlA bpam from the gun "ill be 
compn,ssed to 20 ps, 10-20 A [JPam a t the end of t.he 
lHlncher. 

Pr,e Acceler'ator 
The beam energy from the b,mcher is centpred at. 

200-250 !{eV I<ith modulation of several t.ens ](V. This 
beam is accel"!,,,t "d to about 2 MeV by a pr,,
accelerat.or, of "hic'h frequency is 508 MHz. The, 
accelerating cavity is designed to be composed of 
two superconducting ravities with J3= 0.9 and 1, 
respectively. 

Main Accelerator 
A main accelerator Hill be a superconductin.>( aecple

rator, which has the same structure of the TRISTAN main 
Ring accelerator devPlopped by I{ojima et a1. [5] of 
Nat. i ona 1 Laboratory for High Energy Physics (KEI() 

and the ~li tsubi shi Heavy I ndustn' Co. The "TlPrgy 
gain of this accelerator is expected to be about 20 
MeV. 

RF source 
The RF source of the 84.7 MHz sub-harmonic buncher 

"'i th 5 leW power level will be supplied by solid slate 
amplifiers. For the 508 MHz source, a UHF CW Idystron 
of several t.ens killo-Wat.t will be used. Phase lock 
of the RF' syst.em is made by dividing the refprence 
fre'luenc'y signal of 508 ~lHz. 

Con("'lusion 
The outline of t.he Linac in phase I of the FEL 

project is described. However the specificati()ns 
are not, completely fixed up. The beam transport 
syst.em, thE' radiation shieldin.>(, t.he untiulator, alld Lh" 
optical cavit.ies will ht-~ designed in a ('ouplp uf 
ypars. The phase ] of t.he FI(L projert stal't.s al 19R'7, 
and lJi II end at 19~ 1 after compl el i on of th" 
infral'pd 1 ight produ"t.ion. 1n the phasp IT of t.h .... FEL 
projPct, th" beam energy and current. "i 11 be 
increasp<l t.U oscillatp \'isi hI E' and ul Lra-v iol pt 
1 [glit, aiming at. powerful light. source for lhe iso\.op" 
separation. 
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