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Novel Smith-Purcell Tunable Radiation Source

CHEN Jia-yu, WANG Ming-hong, YANG Zi-giang, LAN Feng, LIANG Zheng
(Institute of High Energy Electronics, University of Electronic Science
and Technology of China, Chengdu, Sichuan 610054, China)

Abstract A novel Smith-Purcell tunable radiation source with relativistic electron beam of middle energy and a
quasi-optical resonator composed of diffraction grating and three-mirror reflector is reported. The well-known
Smith-Purcell free electronic laser (FEL) experiment takes on a good future for developing submillimeter and far-
infrared wave source. The novel scheme has considerable advantages as follows: ring beam enable more high beam
current to transmit steadily and to be taken shape easily; axial-symmetrical quasi-optical cavity has a small loss, so
the output power and efficiency can be improved evidently, The developments of spectrum source based on Smith-
Purcell effect have attracted one’s much attention. Theoretical analyses and numerical simulation results indicate
that coherent radiation with peak power of a few hundred of kW can be achieved from this experimental model. The
typical curve of quasi-optical cavity simulation and cool testing experiment are also given.

Key words optoelectronics; relativistic electron beam; quasi-optical cavity; Smith-Purcell effect; free electronic laser

Vol. 31, No. 11
November, 2004

1 5 &

FL I R TR S5 B 7 TR e R R R
FERYE I LT A B B B 48 T 2R T 3 7ol R Ay 2 2 447 -
F /R BORE (S-POM B 8 S 388 R B AR 5 8 AF A
TS AR . R T 68 2K BB, AT
A B ORI AR T BUR, T S - 2 AR A
IS BT 98 A — ELBEA [ W3 » 9 AR O S 2 - 28

Y%= B #3:2003-06-30; WM& H #:2003-09-08

IRFN E T (S-P FEL)P~ fy 5256 FF &
F R PR LA B R B SRR R, BN
B NAMBE T KRR R Z— .

AR —FH LT TR RATFEE
F A 0 T PR P B8l el X R = S B G Ok
WRG, = A 2K Y RSB B R S . T IIA
R = O B S T AR AR AT AT LAk AR E B
H 7 16 B R B[R] AN 4R R T AR R I L A SR A Al

EHEBN BFREA4— . B.EHA BFRER¥ERETFERRTEE, FENFESHTE ZRE MEEEEAR
A BB FEOERNEFEMR T/E. E-mail: cjy@uestc. edu. cn



1290 2l B

¥ X 31%

4 JEV 1RO b R 9 B ) G 55 8 S 4k 7 i B 6 T
REPER—MEERUE.

2 TAERBAMBAUI A

Bl 14 ARSI R G R R, M, M, J2
ARy R T A2 0 Y R G L M R — 2
&R r, HoRE ZH JeM R B AE R 548 M, M, F
M, F: 5] # BB B X Bk = I 5 46 v Ol 2 T IR B R
G5, P —F H %R R A AR XS IR B 7 1 38l
Xt FR = ST BR S8 S A B R AR R G s 24 RS
T 0 B R AR B B B R A il
R BRI BEE , A S M R A F B
I 7 1 5 B 3 B B 1 R e A, T DA S R =
KU LT A B R AT PR AR R A AR Y. R A TE
3 mm WEAHMBBRPITESER. RANITESE
T B E400~500kV , B JE Bk o 570

10

EleV
() [ ] - (=)} [><]

Z/lem

EleV

ns; B FERG 1.0 kA [F2B Rk op i35 8 E 1.2 T,
BES7 Bk wh R 22 W IE] 10 ms; BRAR o 7 1 i ¥ B AR =
A SR ST ¢ 16 mm X 1. 2 mm; A 6 A B 4
REFEERE ¢ =15 mm; 55K M Mk fH 6
=35 & 2 45 R F BB A9 AS TR] B 20 B B IR
WAL .

grating

o output
A1 #E SP A ABSEREE

Fig.1 Novel S-P tunable radiation source
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Fig. 2 Simulation electron bunch profile
(a) t =10. 26 ns; (b) t =16.434 ns
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Fig. 3 Spectra (a) and output power evolution (b) of open cavity of § =35°
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Fig. 4 Three-mirrors quasi-optical resonator
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Fig. 5 Model profile of quasi-optical cavity

(a) analog calculation; (b) measurement result
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Fig. 6 Energy profile of the quasi-optical cavity
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Fig. 7 TEM model profile of quasi-optical cavity
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