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SC-I FEL is a raman region Iree electron laser 

amplifier , with wavelength oi 8-9 mm , based on 

induct ion LINAC The SC-I FEL contains a 3. 5 MeV 

acce leralor ,el@clron beam transport system , lap-- 

ered eleclro magnetic wiggler, microwave source and 

computer conlrolled system. 

The design parameters 01 SG--I FE1 is as I~JIIOWS ’ 

E= 3--3. 5 MeV , fiE/E = 3 X , I = 450 A , 

En = 0. 47TiCM HAO , 7 = 60 ns , 8, = 3. IkCs 

A,= I1 cm , N = 36, A, = 8-9 mm 

P I ” = IO-20 kW , Pour = IO’ W ( wilh cons- 

lanl wiggler )Pour> 10’ W ( with tapered wiggler) 

The layout of SG-I FEL is illustrated in Fig.1 

D 1; S I G N 0 I; SG- 1 1; tl: 1, 

The induction LINAC 2 consists of a 1 MeV in-- 

jeclor and 8 accelerating cells,Each cell can give 

the electron an energy increment of 300 keV. It is 

wel I know, an electron heam must have high hrigh- 

ness lo appropriate for FEL requirement and FE1 

gain is strongly dependent on quality of electron 

hcam. So the cathode of diode is finely designed 

t (1 provide electron bedm with small ernittdnce and 

strong currenl. The diode has planer conf iguralion 

and its emitter is rndde of velvet 

For improvement the stability and reliabilily 

0 f accelerator, the switch system of Mdrx genera- 

lors dre carelnrly adjoslcd and the lolai jilter 

lime of swilchs are Q 5 ns. So the synchronism 

deviation between acc.and HI: source is very small. 

The cross section 01 injector is shown in Fig.2, 
_-_------- _- 

Fig.2 The cross section of injector 

Wiggler 

S,,S2:Deam transport solenoid coil, S,,S2:Deam transport solenoid coil, HFS :Radio- Frequency Source, HFS :Radio- Frequency Source, 

c c IIE IIE ,IIianoslic Equipment. ,IIianoslic Equipment. L 3 L 3 :Thin focuss ing coi I, :Thin focuss ing coi I, 

Fig. I Fig. I Layout 01 Sl;- 1 FEL Layout 01 Sl;- 1 FEL 
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In order to decrease the loss 01 eIccl.r~nt~(~am, 

Ihr beam transport system is d c s i g 11 r II s i ni p I y ,I II 11 

shortened If. consists of two beam-Iranspurt coi II’ 

and nne thin focusing coil and is easy to I II I II i II I( 

its Parameters The electron beam paramrters at tflr 

input of wigeler is measured as IoIIow: 

E= 3. 3 -I 1. 5 MeV. nE/E = 3 % , 1~ 600. 711II A , 

C ,=U 13vcm rad lr= 40 ns , r,= I cm 

A new shield-pulse tapered electromagnet wig- 

gler 7 with parabolic pole surface has been desig 

ncd. This wiggler has sume special Icatures. II. is 

very easy to adjust the magnetic f ieid, it can Pro 

vide horizontal focuse of electron beam and smal I 

electric power is needed.Each two periods II I the 

wiggler magnet is energized by its own indeprndrt- 

ly controlled power supply. Thus the profile of thr 

wiggler magnetic field along thr beam axis ran II I! 

tailored to almost any desired shape. The pnwer su 

pply is consisted by thyristors,caparitor and wig 

glcr coils.The harf period time of the (Txcitation 

currenl through the wiggler coi Is is Ims. To ensure 

that the wiggler axis of the beam coincides with 

the mechanical axis of the wiggler, the first and 

second period of the wiggler is energized Lo ( il. 3 

B,.-0.88, ),and the last period is energized to(U.8 

B,-Il. 3E, ), where B, is the peak wiggler field i II- 

side the unilorm wiggler.The magnetic field of the 

wiggler is given by 

i-G y B (I Icoshk,Xcoshk,Ycosk,%CI 

( k,/k, ) s inhk,Xs inhk,Ycosk,Zii 

( k,/k, ) coshk,Xsinllk,Ysink,Z~~ II) 

with kt +k: - kz , k,-- wave number of wiggler. 

More importantly ,this field ensures that t h P 

fongintudinal velocity of an electron remains Con- 

stant over a betatron period.Without this prop(.rfY 

the electrons could detrap from thr ponderamotive 

weff with serious consequences for Ihe FEf. Pprfo- 

nuance. 

The locussing property is drpendcnl hy ror~fli 

clrnt d-k,/k, Fn r 0 u r c a s c I II c ,111 I. i mum v a I I! P 0 f 

is ( I. 1-2 ) The shield plate is used for Pncha 

II r i n g I. II r I i e I d s I r c II g t /I I I II ,I s h r ? n I o u II d 1 h a t 

1 h r I i I’ I d 5 I I r II y. i 1 r 4 II ~IIII~‘~‘:I* Iby 2 I1rl11r of 15 

211 x lhf layout of 1 hr’ ::liir Id IjI~lsr r lrcIrom,lp:nrt 

wiggler 11 Ii d i 1 s phn I og I ,I 11 ti ,i 1 i’ s thnwr by F i g 3, 4 
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I M ;I I: n o 1 i c p o I e , 2 I: (I i I , 3. S h i P I d p I a 1 e 

P I g 7 The layout of thr shir Id pulsp 

rlrrtrnmagnel w ’ I: p. ) P I 

I;iS 4 

N II M I< II I C A I. S I M II 1, A ‘I‘ I 0 N AND 

I, X 1’ 17 ii f M I’ N ‘I‘ A I, It 1; s II I, ‘I‘ s 

Wr have dr VI’ I uped ;I 1 II II iimp r i ca I codr (WACFEL) 

i II r o I 11 o I a I_ i II g s 1 a II d r~ r d F I< I, I’ q II ,I 1 i 11 n s , mod i f ied by 

off axis rlfrcts irl Ihr Parlical dynamics and the 

I i r I d r q iI a 1 i n ii s W A 1; IT I: I r ri II ni o 11 t’ I 11 r 0 p a g a 1 i 0 n and 

i II 1 II 1 ii ( I i on r I r r 1 r 0 n hr. 11 m w I 1 II m I I I IIW& v e i n a r e c - 

I cl II R II I li I w d v r q 11 i 11 18 I n 0 I 11 i’ 1 I II (I b t ii i n c 0 II d agree- 

m f- r I h (I t w 0 r II r x p e I i m 0 n I ,i I I r E II I t s c~ n d numerical 
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simulations, it is necessary to include lhc ?IlPCl 

of longitudinal space-charge fclrrrs and th(t rl Irrl 

of relativistic [actor of electron in the KM11 rqu 

at ions B In simulatiun, lhc wavr number k,includes 

the wavcquide rn~ rect ions for lhe TE,,, mo~!r 

k: :: w'/c' JT','bz 12) 

where b is the wavequide width To study i,hr 1: E: 1. 

depgndence on wiggler length, we started wilh lhe 

uniform wiggler and measured the nmplilier I) u 1 p u 1 

as a function of wiggler magnetic ficld.The drtun 

ing curve for unilorm wiggler is shown in Fig 5 

- .J - - L. - 2 - _ 
I I I, 
I I I/ 

--J--L-.,-_ 
I 1 

I I , 
-1 - - L. - , _ _ 

I t I 

0 P,W 

Fig 5 Deluning curve for a uniform wiggler 

Using lhe magnetic field corresponding lo the 

peak al the deluning curve from experimenl,wr rxa 

mined lhe FEL output power as funclion of wiggler 

length, i I lustrated in Fig, b 

Fl g. 6 Power output as a function of 

1 .fm) 

wiggler Ior;I:I II 

The maximum amplilier gain 2[] dfl/m is obtdind 

The output power is 1U MW ,and Irequcncp is 34 Cl17 

at input beam El?. 1 MeV, I-bllfl A !Inl the saturation 

output power dries not obtaind y~l AL Ihe n 0 x 1 

r:!ege we wish to obtain saluration point and (‘ (1 II 

tinue experinlenl with taprred wiggle1 

S II M M A Ij Y 

Wf II !I Y f s ,,(‘C I’S p I II I I y II I‘ r I4 II I’ll ,i !:I; I IiF. I. amp- 

tif~rr,th,~t is a mirrnw,ivr IFI~I, with no axial guide 

I i c I d 4 II d h a s (1 e mn II s 1 I a I 17 /I h i i: Ii r: a i n , p f f i f r e n c y 

alill out out pow~‘r WI, a I? ,I II #1 Y f drvrlf~pfd a 3 II nu 

In? I I L rl I (‘ ,I d e w Ai; 1: E I. , wtl ii II r411 mode I pi opag,at inn 

and intrractirin electron bI>;Im with microwavr in a 

~ertan~ular wavecjrr irIp III nrdrr to rjbtain agrrrmrnt 

between rxflrriment and l.h~ory wr have found, it is 

IIPCPSS~I~ to inrIudr lhr, rlfrrts of I 0 n g i 1 II d i II a I 

s,1a,,r rharI:c fr1rrrs an (1 1 II f’ ts I f e c 1 o I r e I a 1 i v i s 1 i c 

laclor nl ~~I~ctr~~rr in Ihr p~rliialc dynamics a II d 

I ieId r~~lliatirins The agrrpmrnt brlwren expel imrnlal 

rps~rlli: and numeriral simuI;Itions is luite good We 

have ob I a i nd a de t un I IIIT CII r VP and have s 1 ud ied lhe 

,lu[put r’~wrr of SC 1 FEI. with uniform wiggler as a 

1 u 11 r 1 i 0 II 11 I w i g g l r I I 11 II b I II T h P ma x i m II m o II t 11 II t POW - 

vr If1 MW has been ar!lifYvrd 

,\ f.: K N 0 W I, II I) C; I’ M I:, N ‘I‘ 

I ,am happy I. 11 ark now I rtii:r 11 r 11 f Yang, 2he11 hua , 

II I n g II ,I i n a II , ll e n g II r (1 n j 11 iI , !: II (I II I: h u a II m i n p; , Ii 11 Kc s on g , 

T (I II II I. o II z 7, h o u , W u II II i a II , Tao Llrronp; Ior thrir vafu- 

able crlnl r ibut ions. 
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