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Abstract

To meet the increasing demands for high repetition rate laser in the soft-X-rays and VUV region, we have started a
feasibility study on high repetition rate relatively low energy free electron laser based on accelerator technologies which
have been developed for ERL and XFEL in these years. The accelerator system would consist of a superconducting
electron gun, a superconducting linear accelerator, multi return loops, undualtors and a laser system. Currently we are
studying each portion and have not yet completed the overall design.
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Table 1: Tentative Target Parameters

Parameter Value Parameter Value

Undulator 18 mm Repetition rate 1 MHz

period

Wavelength 13.4 nm Electron 750
energy MeV

Maximum K- 2.1 Pulse charge 0.3nC

Value

Avg. beta 10 m Normalized In

function emittance um.rad

FEL parameter ~ 9.8 X 10* Energy Spread  0.025 %

Gain Length 0.842 m Bunch length 0.5 ps

Saturation 21.18 m Peak current 239 A

Length

Saturation 0.183 GW

Power

Energy/pulse 2.3X10%

Peak Brilliance ~ 1.25X10%
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Figure 1: Conceptual drawing of the accelerator layout.
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Table 2: Refrigerator Efficiency

Temperature COopP Refrigerator ~ Combine
Efficiency Efficiency
300K—70K 304 % 20 % 6.09 %
300K—4.2K 1.42 % 20 % 0.28 %
300K—2K 0.67 % 10 % 0.07 %
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Table 3: Parameters of the Main Accelerator

Parameter Case 1 Case 2 Case 3
Number of 12 16 20
Cavities

Gradient MV/m)  20.07 15.05 12.04
Total length (m) 15.8 21.1 26.3
Wall loss power 466 350 280
@2K (W)

Cryogenic power  0.66 0.50 0.36
@RT (MW)

Input RF power 2.5 1.9 1.5
(MW)

Total Power 3.16 2.40 1.86
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Figure 2: Field distribution of superconducting RF e-gun.
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Table 4: Beam Parameters at E-gun

Parameter Value
Frequency 1300 MHz
Beam Energy 10 MeV
Charge 0.3nC
Repetition rate 1 MHz

Pulse length (rms) 6.5 ps
Normalized emittance 1.15 © pm.rad
Energy spread (rms) 17 keV
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Figure 3: Layout of the injector.

Table 5: Beam Parameters at the Exit of the Injector

Parameter Value
Beam Energy 30 MeV
Charge 0.3nC
Repetition rate 1 MHz
Pulse length (rms) 6.5 ps
Normalized emittance 1.05 © pm.rad
Energy spread (rms) 51 keV
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Figure 4: Single loop lattice.
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Figure 5: Emittance, energy spread and bunch length
after one circulation of the loop.
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Figure 6: Layout of the triple loop (under designing).
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