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Simulation Study of Tapered FEL Amplifiers

in Raman and Compton Regimes
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(Received February 7, 1994)

The magnetic taper of the wiggler field was studied numerically
for an efficiency enhancement of mm wave free electron laser using the
3 dimensional analysis code. The linear taper seems effective to
obtain an effective energy conversion. As the total conversion ratio
increase as the K parameter increase, the large value of K parameter
should be designed for high efficiency FEL. Prior to the simulation,
the energy and its spread of the electron beam ESp were measured
experimentally at the JAERI mm wave FEL (LAX-1). As a result, Esp =
15keV at the Beam energy of induction linac of 820keV, which support

that the JAERI FEL was operated at the Raman regime.

Keywords: Milimeter Wave Free Electron Laser, Resecnance Condition,

Magnetic Taperéd Wiggler, FEL Nonlinear Simulation Code
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(Table 3.3.1)

T4 7T — B SE IR TE

T4 —RE
ASTERE/ ST —
ASEREE-F
AHEFE - LA VF—1E
AFEFY - LHE
ASFEFOFAIR

HE B A X X R

1.8 {kG]
4.5 [cm]
100 [W]
TE,,
0[%]
0.5 [cm]
ki

2[lem] X 2[cm ]
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~ (Table3.3.2)

NON - TAPER [ @ - QY

75 7D#FHFE Gmax [dB/m]

Psat [MW]  Lsat [Aw]

N [%]

Eb=0.82 MeV
F=45 GHz
[=0.25 kA
B0 = 0.75 kG

Eb=1.65 MeV
F=140GHz
[=0.25 kA
B0 =3.0kG

Eb=2.0 MeV
F=215GHz
[=0.25 kA
B0 = 0.0 kG

Eb=2.0 MeV
F=210GHz
I=1.0kA

B0 = 0.0kG

(Fig.3.3.4) - 56

(Fig.3.3.5) 36.7

(Fig.3.3.6) 29.2

(Fig.3.3.7) 43.1

28

22

24

160

29 (~1.3m)

44 (~2.0m)

58 (~2.6m)

40 (~1.8m)

13.7

5.3

4.8

8.0
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(Table3.3.3)

NON - TAPER J @ - OFF

VaVAVARL

Gmax [dB/m]

Psat [MW]  Lsat [Aw]

N [%]

Eb=0.75 MeV
F =45 GHz
1=0.25kA
BO = 0.75 kG

Eb=1.60 MeV
F = 140 GHz
1=0.25kA
B0 = 3.0kG

Eb=1.95 MeV
F=215GHz
1=0.25kA
B0 = 0.0 kG

Eb=1.90MeV
F=210GHz
I=1.0kA

B0 = 0.0 kG

(Fig.3.3.8)

(Fig.3.3.9)

(Fig.3.3.10)

(Fig.3.3.11)

93.4

38.0

36.1

65.4

14.8 18 (~0.8m)

24 41 (~1.8m)

20 44 (~2.0m)

96 28 (~1.3m)

7.9

6.0

4.1

5.1
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(Table3.3.4)

TAPER /@ - QY

NG A—F — 75 70FS  Pmax [MW]  nmax [%]  Lmax[Aw] nmax/n
Eb=0.82 MeV '

F =45 GHz (F12.3.3.13) 38 18.5 32 (~1.4m) 1.4
1=0.25 kA GT =- 0.002

B0 = 0.75kG SPT =15

Eb=1.65 MeV

F =140 GHz (Fig.3.3.14) 51 12.4 400 (~18m) 2.3
1=0.25kA GT = - 0.0004

BO=3.0kG SPT =40

Eb=2.0MeV

F=215GH:z (Fig.3.3.15) 39 7.8 160 (~7.2m) 1.6
1=0.25kA GT = - 0.001

BO= 0.0kG SPT=5

Eb=2.0 MeV

F=210GHz (Fig.3.3.16) 200 10.0 56 (~2.5m) 1.3
1=1.0kA GT =-0.007

BO=0.0kG SPT = 38.5
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(Table3.3.5)

TAPER. ] @ - OFF

NG A—F — 55 70DFT Pmax ([MW] mmax [%] _ Lmax[Aw] nmax/n
Eb=0.75 MeV

F=45GHz (Fig.3.3.17) 41.5 22.1 45 (~2.0m) 2.8
1=0.25kA GT =-0.005

B0 = 0.75kG SPT =18

Eb=1.60 MeV

F = 140 GHz (Fig.3.3.18) 84 204 170 (~7.7m) 5.1
1=0.25kA GT = - 0.001

B0 = 3.0kG SPT =35

Eb=1.95 MeV

F=215GHz (Fig.3.3.19) 72 14.8 120 (~5.4m) 3.6
1=0.25kA GT = - 0.002

BO = 0.0kG SPT =42

Eb=1.90 MeV

F=210GHz (Fig.3.3.20) 285 15.0 52 (~2.3m) 2.9
1=1.0 kA GT = - 0.005 |

BO=0.0kG SPT =27
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JAERIV 4 7 T — ( Table3.4.1)
K/NNZ A —%—~076 ® - OFF
E [ MeV ] I[KkA ] np (% ] nex [ % ]
0.75 0.25 21 15
1.60 0.25‘ 16 16
1.95 0.25 15 15
1.90 1.0 15 11
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+ taper 35 % -

1.0 ¢ constant field i : |
_ | — numerical —
= i simulation _
g .
535 § _.
o 0.5 ]
a. i -

0
0 1.0 2.0 3.0

Wiggter length (m)

(Fig.3.2.1) LLNLIC BT B3.5GHzEFELIBIZEERIER
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. non-Taper - J
200

L

100

Power [MW]

1.0 20 3.0
Wiggler length [m]

Q00
- Taper

600 [

Power [MW)]

300

1

1

1.0 2.0 3.0

Wiggler length [m]

(Fig.3.3.1) Freund(C &K BLLNL3SGHZzHIBIZEERD
3 RITHUBRRTHER.
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