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ABSTRACT

The design for a potential free electron laser (FEL),
driven by a 120-MeV linac capable of generating 0.1-A
macropulse average current beams at a duty factor of 0.6%,
is described. The accelerator will employ a photo-injected,
18-MeV, 433-MHz linac as an injector [1], followed by a
1300-MHz longitudinal phase space "linearizer" [2], a

Table 1. Kilowatt FEL Parameters

FEL Output
Laser wavelength 0.2-4 pum
Peak laser power (0.6 - Quén) 150 kw

magnetic buncher, and seven sections of 1300-MHz, pulsedrF System

traveling wave linac structure. Pulse lengths of 7 ps will be
attained with minimal distortion of the pulse profile and
normalized 90% emittance of 3010 T=mm-mr. The

magnets used to transport the beam from the linac to the FEtiectron Beam

centerline, the wiggler, and the optical resonator will be
reclaimed from previous FEL demonstration experiments.

. ANEW HIGH POWER FEL USER FACILITY
A. Introduction

A design has been developed for a powerful, ultraviolet
(UV)-to-infrared (IR) wavelength FEL that can be rapidly
completed in the USA/SSDC high average power FEL

laboratory at Boeing. The laser design is shown in Fig. 1. AOptical Cavity and Wiggler

high duty factor electron accelerator is already under
construction and is scheduled for test in 1995. The
remainder of the laser would be assembled utilizing existing
inventory from the SDIO ground-based laser program. This
new laser can be ready for test in mid-FY96. The operational
characteristics of the laser and its principal subsystems are
given in Table 1.

PHOTOCATHODE FABRICATION CHAMBER
INJECTOR CAVITIES

Avg laser power (0.6 - 0.8m) 1 kw
Peak electron beam power 12 MW
Avg electron beam power 70 kw
Macropulse length 200 ps
Macropulse rep freq 30 Hz
Macropulse duty factor 0.6 %
Electron beam energy 120 MeV
Macropulse avg current 0.1 A
Macropulse avg e-beam power 12 MW
Average electron beam power 70 kwW
Micropulse
Micropulse rep freq 27.08 MHz
Micropulse charge 3.5 nC
Micropulse length 7 ps
Micropulse avg current 500 A
Optical cavity length 38.74 m
No. circulating optical pulses 7
Wiggler length 5 m
Wiggler period 2.18 cm
No. periods 220
Peak wiggler field 1.0 T
Wiggler parameter (rms) 1.31
Taper 10 step adjustable
Extraction 14 %
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Figure 1. High Power Ultraviolet-Infrared FEL
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The first operation of the laser will be at visible B. Electron Accelerator
wavelength. The laser wavelength range can be extended to

approximately 41m and laser operation on the third The electron accelerator has two separate sections: 1) an

harmonic will allow UV wavelenaths 18 MeV, high duty factor, 433 MHz pre-accelerator, and
gins. 2) seven 1300 MHz structures to complete acceleration to

The laser and laboratories will be contained within a 120 MeV. The first section, a high average power linac [1]

40,000 ff dedicated FEL research complex built with Boeing-. . ; )
e .fFig. 1) presently under construction, comprises a high
corporate funds. The FEL facility includes a 12 MW electri¢ . . . .

rightness photocathode injector in two single-cell RF

power substation, DC power vault, accelerator building with

o : : : cavities followed by four multicell standing wave accelerator
an upper radiation-shielded floor with laser laboratories, angt. y 9

. cavities. The six cavities are grouped into two separate RF
general purpose laboratory space for users. The facility also . : .
; : systems, each energized by its own high voltage power
includes six separate megawatt level thermal control systenis

for the experiments. full safetv svstems. and comouter supply, filter, crowbar/regulator, and klystron (Thomson-CSF
P - ysy ’ P Model TH-2120). The RF control modules (one set of which
control and data equipment.

The 1 KW tunable free electron laser described in this has been used successfully in the earlier test of the injector)

: ; : are furnished by the Los Alamos AOT Division. These
paper builds on both the technical expertise and hardware modules correct the cavity resonance frequency and stabilize
developed during the defense FEL program. The high

electron beam parameter expectations are justified by a Setr?gsaverage cavity field amplitude and phase.
P P J y The 18 MeV interface between the 433 MHz pre-

of tests and experiments performed at Boeing and elsewhere

The two-cavity photoinjector has already been operated at accelerator and the 120 MeV, 1300 MHz main linac contains

25% duty factor and 32 mA of average current in the 1990_an energy spectrum corrector (which we call a linearizer) and

1992 high-duty testing program [3]. These capabilities area magnetic buncher chicane that will compress the bunches

. o S from the pre-accelerator before acceleration in the main
nearly 1000 times those of any other photoinjector in time- . :
. 7 linac. A 10-cell, 1300 MHz, traveling wave structure,
averaged brightness. In addition, electron beam compressjon

experiments performed in collaboration with the French FE €quiring about 1 MW RF input, will perform the dual

. ; unctions of linearizing and tilting the bunch in longitudinal
group at Bruyeres-le-Chatel [4] show high compression e . .
. . . . ase space so that it will be compressed in the chicane that
factors can be achieved and establish the need to linearize the : : ; .
L o . ollows (Fig. 1). The magnetic buncher is a three-dipole
longitudinal phase space distribution using an RF structure as ; ; )
) chicane with deflection angles of 30, 60, and 30 degrees;
part of the bunching apparatus.

e o . ; 0
Comparison with the 0.51.and 081 FEL experiments (S8 e 10 N ERE B RO UL e
conducted at Boeing in the late 1980s shows that the P

. . .beam compression factors of 4-8 to increase the peak current
expected kilowatt-level performance of the new laser is quife

X ) . . 0 500 A and decrease the micropulse width to 7 ps for
conservative. An extraction efficiency of 1% with strong matching to the 1300 MHz high voltage accelerator [2]

side band generation was Qttained [5] With the much poorer The 120 MeV beam energy is reached after the bunch-
l;elz:am Iquallty ofa thermlclirlw_:lillzry(ec_tor Ius;ng thrhee sltages of compressed beam accelerates through four 1300 MHz pulsed
effic?gnsc?eiog?%rfsi%.yielding zjllr:;:ear1 L)Oor\]/iesr (;)fV\; iigrz 8 linac mogl_ules (Fi_g. 1)'. These Iinqg secti_on_s and the pulsed
KW (based on a 70 kW average power electron béam) O FrzF amplifiers which drive them _u'_uhze existing and upgraded
nominal goal is 1 kW ’ Lharo!war_e from the successful visible FEL tests performed at
The existence of .a 1 kW tunable FEL will stimulate theBoemg in the !ate 1980s. . . .
national FEL program tremendously. In addition to The last six 1300 MHz linac sections[6] are configured
' in series pairs, each driven by one TH-2104/U klystron.

adygncin_g high-power ac.celer.ator and FEL technplogies, tklyglbrication of these 18-cell sections is 80% complete. The
facility will fill an empty niche in the FEL community.

Presently there is no other United States FEL operating in %St 1300 MHz linac section differs from the following six.

visible-to-near-UV wavelength range, and there is no FEL 'nr%tsotc elLsz(;t\I/c;r; Oﬁglﬂiyekr):";abst’e:rgi\ﬁarlrzrr)]rtnaem?lcations it
the world with 1 kW average power. The combination of P yp y g 9 PP '

. . X was used extensively in earlier visible FEL tests at Boeing.
wavelength tunability and power will make possible many e . L . .
o . . SO It satisfies the requirement for an additional linac section
new and exciting industrial and medical applications; e. g.,

: ; - : needed to reach the 120 MeV beam energy required for FEL
isotope separation and photo-activation of medical dyes. In ) o
operation at the shorter visible wavelengths.

particular, the affordable enrichment of a variety of isotopes To reach that energy with 0.1A average beam current,

with high industrial and research value can be the first : 4
. S . the linac structures require 12 MW from each of the four
commercial application of free electron lasers. Finally, the X
o . . . klystrons (rated at 15 MW peak, 250 kW average). Since the
realization of a 1 kW laser will constitute a very important : .
. . operating RF duty factor is 0.6%, the average power
first step to scale the FEL to power levels required for .
o demanded from each of the RF systems will be only 72 kW,
defense applications. :
less than one third of the rated average power.



C. Electron Transport, Wiggler, and Resonator in Fig. 2. At higher outcoupling the FEL does not start up
due to both the high optical outcoupling and the 10% wiggler
tt?;\per. An electron beam power of 70 kW (see Table 1)
roduces an average laser power in excess of 3 kW for
tcouplings between 20% and 30%, and demonstrates that
the 1 kW FEL described here is a very conservative design.

After acceleration to 120 MeV, the beam is brought on
the wiggler axis by the 18end (Fig. 1), which consists of
four 45 dipole and 14 quadrupole magnets arranged to m
the transport doubly achromatic, with all second order
geometric aberrations corrected. The bend is also nearly
isochronous and is therefore excellent for preserving the
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Littrow grating to suppress sideband growth. The FEL
output power as a function of resonator outcoupling is shown
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Figure 2. Output power of the proposed FEL as a function of resonator outcoupling.



