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INTRODUCTI1ON
SG-1 FEL is a
wilh
induction LIRAC .

raman region free eleclron laser

amplifier based on

FEL contains a 3.5 MeV

wavelength of 8-9 nmm
The SG-1
accelerator ,elecltron beam lransport

system , lap-

ered electro-magnetic wiggler, microwave source and

computer controlled system

The design parameters of SG-1 FEL is as follows
E= 3-3.5 MeV , AE/E = 3 X, I = 450 &4 ,
€n= 0.4777CH RAD , T = 60 ns , B. = 3. 1kCs
Aw= 11 cm, N o= 36, As = 8-9 mn
Pin = 10-20 kW , 107 W

Lant wiggler JPour=> 10° W

The

Pour = ( wilh cons-
{ with Lapered wiggler)
layoul of SG-1 FEL is illustrated in Fig. |
DESIGN OF

induction LINAC 2

SG-1 FEL

The consists of a

jeclor and 8 acceleraling cells, Each cell can give
increment of 300 keV. It is

an electron beam must have high bright-

Lhe electron an energy

well know,
ness Lo appropriale for FEL requirement and FEL

gain is slrongly dependent on qualily of electron

-

CVR

S

CVR

1 MeV in-

Se

heam. So the cathode of diode is Tinely designed
to provide electron beam with smatt emillance and
strong current. The diode has planer configuration
is made of velvel.

stability

and its emitter

For improvemen! lhe and reliabilily

of acceleraltor, the swiltch sysiem of Marx genera-

lors are careforly adjesled and Lhe tolat jitler

Lime of swilchs are < 5 ns. So Lhe synchronism

deviation belween acc.and RI source

is very small.

in Fig.?2,

The cross section of injector is shown

T

cathode

Fig.2 The cross section of injeclor

S, Wiggler DE

. ( g; S
U Ul G
$,.S.:Beam transporl solenoid coil, RFS :Radio-Frequency Source,
§,  :Thin tocussing coil, DE  :Dianostic Equipment.
Fig.1 Layoul of SG-1 FEL
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tn order to decrease Lhe loss of electronbeam

Lhe beam transport system is designed simply and

shortened. 14 consists of Lwo beam-Lransport coile

and one Lhin focusing coil and is easy to turning
ils parameters. The electron beam parameters al the
input of

wiggler is measured as follaw:

= 600-700 A
T=40 ns , re= | cm

A new shield-pulse tapered eleciromagnel wig-

E= 332 1.5 MeV, ab/E = 3 % ,
€n=0.43Tcm rad

gler 7 wilh parabolic pole surface has been desig-

ned. This wiggler has some special fealures. Il is

very easy Lo adjust Lhe magnetic field, it can pro-

vide horizontal focuse of electron beam and smail

electric power is needed. Fach two periods of the

wiggler magnet its own

is energized by independel-
!y conlrolled power supply. Thus the profile of Lhe
wiggler magnetic field along the beam axis can be
tailored to almost any desired shape. The power su-
pply is consisted by thyristors,capacitor and wig-
gler coils. The harf period time of Lhe excitation

currenl Lhrough Lhe wiggler coils 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 to ( (1.3

Bw-0.8B. ),and the last period is energized lo(0. 8
Bu—0. 3B, },where B is Lhe peak wiggler field in-
side Lhe uniform wiggler. The magnelic field of Lhe
wiggler is given by A
Bw = Ba (coshk.Xcoshk,YcoskwZY!
( Ko/ky )sinhkeXsinhk,YeoskaZki
( kw/k, )costhXsinhk,Ysinka?] (n
wilh k% tk> = %2 k. — wave number of wiggler.
More importantiy ,this field ensures Lhat Llhe
longintudinal velocily of an electron remains con-
stant over a belatron period. Without Lhis property
the electrons could detrap from the ponderamolive
well wilh serious consequences for the FEL
mance.
The focussing properly is dependenl by coefli

cient €=k, /k. .For our case the oplimum value of

is ( 1.4-2 ) The shield plate is used fnr encha

1558

perfor-

ncing Lhe field strength It has been found that

Lhe Tield strength ean

20% The

increase by a factor of 15

layoul of the shicld pulse eleclromagnet

wiggler and ils pholograph are

x! —!OSBX M
R H - »

i) @/

SRRV |

shown by Fig. 3, 4.

15

—«»5

eSS

,—

|
!

. Magnelic pole

Fig. 3 The

2. Coil , 3.
Jayoul of ihe

Shield-plate
shield-pulse

electromagnel wiggler

Fig. 1

NUMERICAL
EXPERIMI

SIMULATION
SNTAL RESULTS

AND

We have developed 2 3 1) numerical code {WAGFEL

incorporating standard FEL cquations , modified by

off axis effects in the

WAGFEL,

partical dynamics and the

lield equations. can model propagalion and

interaction eleciron heam wilh micirowave in a rec-

tangular wavequide. In order 1o obtain gond agree-

ment belween experimental recullse  and numerical

PAC 1993



simulations, il . is necessary

of longiludinal cpace-charge

of reltativislic faclor of el

8

ations In simulation, Lhe

the wavequide corrections fo

kS =w2/e? - /b

where b is Lhe wavequide wid

dependence on wiggler lengtih

uniform wiggler and measured

include Lhe effect
and Lhe

Lhe KMR equ

to
forces effect
ectron in

wave number koincludes

r Lhe TEnr mode
{2}
fEL

Lhe

Lh To study ihe

, we started with

the amplifier oulput

as a funclion of wiggler magnetic field. The delun
ing curve for unilorm wiggler is shown in Fig 5
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Fig.5 Deluning curve fo

Using Lhe magnelic field corresponding lo

peak al the deltuning curve

r a uniform wiggler
Lhe

from experiment, we exa-

mined Lhe FEL oulpul power as funclion of wiggler
lenglh, illustrated in Fig ¢
1o
dole: 3/30/1993
19
g 0.1
=
N
oy
0.01
0.00¢ 4
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Fig. o Power output as a funclion of wiggler lenglh
The maximum amplifier gain 20 dB/m is oblaind
The output power is 10 MW ,and lrequence is 34 GHz
al input beam E=3.1 MeV, =600 A Bul Lhe saturation
pulpul power does not obtaind yel AL Lhe next

stege we wish Lo oblain sal

Linue experiment with taper

uration point and con

ed wigeler.

SUMMARY

We s 1 TRL

dreigned

FIL

have successiully A amp-

Fifier, that is a microwave with no axial

field

guide
efficiency

30

has demonstraled high gain
pawer. We

WAGFEL

and

amtl ouwtopat also have developed a

merical code which can modetl propagation

and interaction eleclron beam wilh microwave in a

to obtain agreement

found, it

rectangular wavequide In order

hetween experiment and Lheory we have $

the effects of longitudinal

Lhe effecl of

necessary Lo include

space charge forces and relativistic

factor nf clectron in the parlicale dynamics and

{ield equations. The agreement belween experimental

is quite good. We

studied Lhe

results and numerical simulations

a detuning curve and have

of SG-1 FEL

have obtaind
wilh uniform wiggler

The

oulput power as a
functlion of
10 MW has
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