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In Lhis paper the FEL study
The physical design and
itlalor (BFEL), using bthe electron beam from a 30MeV rf.
and of the SG~! FEL

in China is presented

research ol Lthe Beijing FEL osc-
lince,

a 4 MeV
the

using the beam electron from

induclion Vinc,are discussed. Then we sel forth

technical fealures, the desired goals and experi

mental resulls FEL

for Lhe sub systems of BFEL and SG~I
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Introduclion

The theorelical
in Lhe mid 19705

research ol FEL in China commenced

bul experiments commenced laler in Lhe

1980s. In 1985 Shanghai

chanics

mid Inst. of Optics and Fine Me~
(SIOM) yielded 1MW in oulpul power at wavelenglh
In1987 Sou-

Lhwest Insi. of Applied Electronics produced an experi-

8 mm, based on 0.5MeV pulseline accelerator

menl by using 0.7 MeV puiseline acceleralor. The annular

beam is injected into the FEL inleracltion region and

radialion at 32 GHz has been observed. The energy exira-

clion efliciency from beam is only 0.b%. These experi-

menls were characlerized by small elficiency due too

poor qualily of eleclron beam 1In recent year, fnst. of

applied electronics had performed an experiment of raman
FEL, based on EPA 74 acceleratoer wilhoul axial

tield,

gniding
in which 7.5 MW radiation at 32 Gliz has
linac of 4 MeV

wilh qualitaitive electron beam is projecled for SG-1 FEL

magnelic

been observed. Al the same time induclion
amplilier by China Academy of Engineering Physics {CAEP)
and @ 30 MeV rf.1inac is being upgraded by insl.of High
Energy Physics (1NEP) Lo provided eteclron beam for BFEL

in the infrared region. The FEL with eleclro-
magnel wave pump is projecled by Universily of Electro-

oscilalor

nics Science and Technology of China. The cherenkov FEL

experiment is produced by Changsha Polytechnic Iasl. and

Lhe superconducter arcelerator is studies by accelerator
lab. of Peking Universily. Now Lhe FEL research in China
is inlensely produced bolh in Lheorilical and experi=

mental aspect,

Design and developmenl of Beijing FEL (1)
IHEP

complon

in cooperalion wilh SIOM have slarted a

regime rf. tinac based FEL rescarch,
called Beijing FEL(OFEL). !nw Lhe
a 30 MeV ri.iinac
paramelers of Lhe BFEL are chosen wilh

both the analytical

he

Lhe

which
lirsl phase of

project, is being upgrated. Design
to

formulae and Lhe single particile,

reference

one dimentional

numerical simulalion. The smal) signal
gain G can be expressed as lollow (2)
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where F is a correction factor relaled Lo Lhe energy
spread of Lhe electron beam
N: Jo

Lhe wavelength of lhe radiation

and the undutalor periods
and J, are lhe Bessel funclion; A, and A. are
and the

L

underator res-

pecltively;L is LUhe undulator length; is Lhe mini-

mum average crass seclion of ltaser beam in Lhe oplical

resonator; lo=l. 7X 10%A (Ativen current); K?=b,./2k.c?,
bweeBw/mc; Bw and ku are lhe uwndulalor field intensily
and wave number, respectively; (A @An) is the homoge-
line widlh; [

The

neous and is the peak currenti.

length of Lime required for Lhe radialion to

build up to saturalion can be estimated according lo

Lhe following simple formula if one assumes lhe gain

lo be constant

in(S 1Sy x 2L
a 0 4

T el + O (L —a)l @

where S,/Snis Lhe ralio ol

the saluraled power Lo Lhe

spontanenus emission power; Lhe lotal

and L., Lhe

resonalor
1l

taking $./So=10'%Lhen one oblains Lhe simple relalion

a,

loss; lengih of Lhe oplical resonator

[( 5) _ 0 154 Lc(m) (5)
T

1o Lable 1, ihe overall physical paramelers are

given and Lhe schemalic for Lhe BFEL is shown in fig 1,
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Fig. 1 Schematic of BFEL systiem

Tahte 1
Physical parameters of Beijing FEL project

Microwave Gun: = 10/20 A
E=09%01MeV
Ad = 4°

1 =110/220mA
¢, ., <30nmmmrad

Linac: E = 10 MeV — 30 MeV

Lpy, =300 mA
Cebeamy = 418
Yrmodutaton = 5 S
Ayly = 05%
Aflf = 10-% — 10-7

Wiggler: A,=3em
{uniform, planar, NdFeB) N=50
L, = 150 ¢cin
g = 0.8cn
K=1~14
Optical Resonator: L= 25192¢cm
(ZnSe/ThF‘) ax<5%
Ly =67cm
W, = 15cm
G=8~%
As=r~25um

The microwave gun (3), because of its relalively
high peak current, tow emittance, and narrow longitudi
nal phase width when used in conjunclion wilh a momen-
Lum analyzer, is adopted in this projeci, and the LaBs
cathode is contemplated. The injected beam from  the
microwave gun, afler being momentum analyzed, has a
puste widih of a3 few picoseconds so that the time-de-
pendent RF field effects can be minimized. To reduce
emittance growth due Lo space-charge effects in a mic-
rowave gun, high RF field with linear RF radial field
distribution will be used. The ralio of emilled current
in the presence of strong eteciric field Lo normal no

field emission currenl is given by

TR T e
ed,dO(! V cos $ E(ViemT (°K)

JE/JO: (8)

The layoui of Lhe bean transporl sysiem is given

in fig. 2, which shows tow 459 hending magnels and six
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Fig. 2 The layoet of the beam transporl sysienm

quadrupoie magnets with a total length of about 5.3 m,
Bending magnels B1,B2, and quads Qs,Qs form 3 symmet-
rical achromatic bending system to bend the beam from
{he accelerator by 90° into the optical resonator. Q.2
Q>4 form a matching section to adjust the beam waist
to the center of the undulator. For an unnormalized
emittance of .5 mm-mrad, the diameler of the waist
can be adjusted up from 0. 2mm by changing Lthe exciling
curreals of the magnrels. Fig. 3 shows lypical beam enve-
lope 0 «, 0, variations along the beam line in both

horizontal x and verlical y direclions.
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Fig.3 Beam envelope

The optical resonator configuration in our first
attempl to oblain a laser oscillation uses curved mir-
rors composed of a ZnSe/ThFs multilayer stack on a ZnSe
substracte, which is reported to have a maximum reflec~
tance of 99.8 % at 10.6 wm and is nol seriously by
radiation enviroment, The mirrors will be remotely tilted
for aptimum aligument and for the end mirror,a molorized
micrometer will be used for resonalor tuning. Due to the
Lransparcncy of ZnSe, preliminary aligament can be made
wilth a He-Ne visible laser. In the next slep,gold-plaled
copper mirrors will be wsed for a wider tuning range.

A rotating Zn3e plate al Brewsters angle near Lhe
entrance mirror is used for output coupling. Varying the
coupling from zero Lo 2 ¥ by rotaling Lhe plate is being

considered.



The magnetic materiad for 1he construclion of the

undulalor is ncodymium iron boride (NdFeB) inslead of Lhe

more generally used HEC. The reason for Lhis choice is
Lhal NdFeB has higher B, as well as H, values. The mag-
nelic encrgy densily almost douwbles that of REC , while

Lhe markel price im China is hall that of REC. Therelore

NdFeB is adapled even though the lemperalure coellicienl

is inferior lo REC. The structure of Lhe undulalor s
shown in lig. 4. Planar design is chosen for convenience.
It is composed of 400 identical NdFel permanent magnels
(7.5X7.5 x40 mn® )Jarranged Lo provide 50 periods wilh
malching parls al each end lo give a zero-inlegraled
field.

vacuym
chamber

magnet

Fig.4 The structure of the undelalor

The corves ol variation of Lhe on-axis [ield and
K value against Lhe gap separalion, oblained [rom theo-
vitical calculalion as well as from measuremenl, are
quilte good agreement.

The conslruction of BFEL will be performed al the
december 1990

Design and development of SG-1 FEL

St-1 FEL is a raman regime free eleclron laser
amplifier, which is being projecled and conslrucled by
CAEP. wilh wavelenglh of 8.6 mm, based on induclion linac
Simulalions ol SG-1 FEL are made wsing 3 3-U FEL code
{ WAGFEL ) ), which evolves Lhe electrons cnergics the
ponderomolive phase according to the averaged single-
parlicle equalions and lhe fields according to paraxial
wave equalions. In order fo verify the relibility of code
WAGFEL the compavision belween numerical simulalions
using WAGFEL and the experiminial dala ETA / ELF of LLNL
is made. It shows that 1he experimental deluning cwrves

for I, 2 and 3 mn long wigllers agree very well wilh onr

simulalions.
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The SE=1 FEL coulains o & MoV iwdwelion Vinae beam

Lranspurl system, lapered wigller and mictowaye

sautce
In Lable 2, the overall physical parameters are given
and the layoul ol SG-1 FEL is shown in lig.$
Table 2
Physical pavamelers of SG-| FEL
Inductien }inac E = 3-4 MeV
la = 500 A
B, = S5XI102 A/ | mem rad)?
AE /E =3 %
€. .77 mwem-rad
T= 60 ns
Wigtler As= 1] cm
Bo= 3100 G
ABw /Bu>25 % ( taper )
No= 30
a= K,/Ke = [.4-2
Fnput and oulput Pin = 20 kW
te= 34.6 Cliz
Povt=1-2 x {01t W
o= 10-10 %
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Fig. 5 The tayoul SG-1 FEL

The 4 MeV induclion Tinac consists of a | MeV
injector and [0 acceleralor cells. Each cell can give
the electron beam an energy increment of 1.25 - .30
MeV It is known, ae acceleraled beam musl have high
brighlness to appropriate for FEL syslem and the
brighlness iy proporlional Lo the inverse square of
emillance. So the calhod of injeclor diode is finely
designed Lo provide election beam wilh smatl emittance
The diode has a planac conliguralion and its emitticr

is made of velvel, showing in lig. 6.



Fig.6 The configuration of diode

Preliminary measuremenls of Lhe beam emitlance

ol iunjector have been performed. From Lhese measurements

Lhe emitlance is estimated Lo be 70 cm mrad

The beam transporl system consists of a emitiance

seleclor,a energy seleclor, tow sleering coils and six

quads. Quads Ua-Qs form a malching seclion to adjusl tihe

beam waisl Lo appropriated ils posilion in the wiggles

Im contrast to an FEL oscillalor, whose wiggler

fenglh is approximalely one-half of a synchroiron wave-
lenglh long, and through which the laser beam may pass
hundreds of times, & tapered wiggler of FEL amplilier

can be exceeding long, bul is a single pass divice. We

have developed a new shielded-pulsed eleclromagnel wig-

gler wilh pavabolic pote serface Lo provide horizonlal
focusing of eleclron beam (7). The magnelic field of the
wiggler wilh parabolic pole surface is given by
E;rﬂg[coshKXXcoshKycosKwZ?¢

(K./Ky) sinhkoXsinhk, VeosKuZit

(Ku/K,) coshh. s uhk, ¥sinkuZZ) )

with KiKo=K

More importanlly, this field ensures that the longin-
tudinal velocily of an eleclron remains conslanl over a
the electrons

tetatron period. Without this property,

could detrap from the ponderamolive well wilh serious
consequences for Lhe FEL performance

The focusing properly is dependenl by coefficient

a =K,/K. . For our case the oplimum value of ais 1.4-2,
The shield plate is used for enchancing Lhe [ield
strength. It has been found that the lield slrenglh can

improve by a laclor of 15-20 %.

The tayoul ot the shielded-pulsed clectrumapnet

wigpler is shown in lig 7.
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Fig. 7 Shielded-puleed electromagnel wiggler
The inpul signal is provided by magnelron oscil-

fator, operating al 34.6 GHz wilh oulpul power 20-30 kW
As shown by numerical simulation, lLhe oulpul power gl
StG-t FEL would be 100-200 MW and Lhe efticiency
be 10-20 % .

Fhe experimenls of SG-1 FEL will De produced in

would

1991.
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