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Abstract Wavglquth I_:EL vyhile .others are trying t.o find
applications in various fields, such as medical and
Far-infrared FEL oscillation using the superconductingcientific research. The purpose of the Japan Atomic
linac has succeeded in JAERI. The linac consists ofEnergy Research Institute (JAERI) FEL project is to
250KV electron gun, a subharmonic normal-conductingevelop a high-average-power, high-efficiency FEL for
buncher (SHB) of 83.3MHz, two single-cell and two 5+esearch and industrial use[1,2]. The stable FEL
cell superconducting cavities of 499.8MHz. The gun wasscillation was achieved in March 1998. Figure 1 shows
typically operated around 200 kV to reduce space chargge schematic layout of JAERI superconducting linac.
effects. This paper describes the detail design of JAERI FEL linac
The combination of the SHB and two single-celland the measurement of bunch length and emittance.
cavities enabled high current beam of more than ten
amperes by utilizing a thermionic cathode and a gri¢ CONCEPTUAL DESIGN OF THE JAERI
pulsing. Calculations utilizing the modified PARMELA FEL LINAC
code showed that the electron bunch of 3 ns from the ) )
electron gun was finally compressed to be 20-35 ps after 1N€ average power of an FEL is determined by
the two single-cell cavities. FWHM bunch length andnultiplying the peak power by the repetition rate and

80% emittance were measured to be 22ps and 35 pi nilse length. Thus, to create a high-average-power FEL, it
mrad. is necessary to increase the peak power, the repetition

rate, and the pulse length. The peak power is proportional

1 INTRODUCTION to the peak _current of the electron beam. The peak gurrent
) . ~ of the linac is normally a few hundred amperes maximum

~ Many kinds of free-electron laser (FEL) facilities existor an RF linac. Though an RF gun and photocathode are
in the world. Some are striving to develop a shofised to obtain the high-current beam, it is difficult to

Woltage 200 vV
Micro-pulse Width 4 ns

Micro-pulse Repetition 10,4125 MHz
Electron Gun Al sheet
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Beam Energy 2 MeV /
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Figure 1: Schematic Layout of the JAERI Superconducting Linac
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operate them with a high-repetition rate and a long pulc~
length. From this standpoint, a linac with a high repetitio
rate and a long-pulse or continuous-wave (CW) mod
operation is suitable for a high-average-power FEL
Therefore, superconducting accelerators are superior.
The electron beam power is converted to laser pow
with an efficiency of only a few percent or less. When th
electron beam is dumped, most electron beam power
wasted. Therefore the efficiency of an FEL is usually ver
low. Reusing the electron beam and reducing the RF lo &
increase the efficiency. Superconducting cavities have ==
very small RF power wall loss, which makes then
superior to normal conducting cavities for a high

e Spread (deg)

P
i

efficiency FEL linac. 0 . .
Thus, we conclude that superconducting acceleratc 200 230 300
used as the main accelerating components are best Gun Voltage (kV)

realize a high-power, high-efficiency FEL.

Figure 2. Calculated phase spread with different gun
3 DESIGN DETAILS OF COMPRESSING  voltage and with different beam current.

SECTION OF THE JAERI FEL LINAC

For the electron gun, the thermionic cathode is the m°§’bread because the accelerating field of the maximum
acceptable choice presently available. However, it igocojerating phase has the smallest energy spread.
difficult to obtain a high-current electron beam that has gperefore, the multicell superconducting accelerator is
current of more than a few hundred milliampere and al§g,s jitable, whereas the single-cell element is suitable.
has good emittance. Therefore, a beam compressipg,s o single-cell superconducting modules are

system is necessary to produce a high-peak-current beajfisia|ied after the SHB section to accelerate the beam to
A frequency of 500 MHz was selected for the mainimost the speed of light.

accelerating components. A period of 500 MHz is 2 NS ¢ \gitage of the electron gun influences the phase

and at least half of that is unavailable for compressing tr%%read_ Figure 2 shows the phase spread of the
beam. Therefore, to compress the beam bunch of Ml 5essed bunch with the SHB and two single-cell
than 1 nanosecond, a subharmonic buncher (SHB) 1§ ities calculated with PARMELA. The initial phase
required. When the bunch length from the electron gun ?pread was 3 ns. The 80 % phase spread was calculated

3-4 ns, the subhgrmonic frequency must be less thanoﬁ optimizing the phases of SHB and two single-cell
quarter of the main frequency, 500 MHz. Though an SHBS vities and the amplitude of SHB.

using lower subharmonics can compress a beam bunch tor,o figure shows that this compression system works

a shprter Iength than one using higher .subharmoni(.:s,v\i/b“. For high beam current such as 200 mA and 250 mA,

requires a hlg.her buncher volt'age., which results in ficreasing the gun voltage has an advantage of making the
larger RF IOS,S in the SHB. ConSIQerlngllong-puIse or CWeam spread small. For low beam current such as 100 mA
mode operation, low-power loss is desirable. We chose a4 150 mA, the phase spread does not change so much

subharmonic number of6for t.he SHB. , according to the gun voltage. Therefore, 200 kV gun
When the charge density increases F’Y shqrtenmg tUSItage is sufficient for the beam current less than 150
bunch length or when the beam current is originally high, o

beam compression with only the SHB does not work well

because of the space charge effects. A means of resolving 4 MEASUREMENT OF THE BEAM

this problem is to install an additional element that works
not only as a buncher but also as an accelerator that BUNCH LENGTH AND EMITTANCE

decreases the space charge force. Since we arelhe bunch length was measured at the middle of the
considering a high-average-power, high-efficiency FELundulator. The bunch length is estimated to be several
the accelerating section of the linac must béens picoseconds. The beam bunch length was measured
superconducting. If a multicell superconducting module iwith a steak camera made by Hamamatsu Photonics Co.
adopted for this element, it causes not only less effectiven aluminum plate profile monitor was installed within
acceleration but also an increase in the energy spre#fte undulator duct. When the electron beam collided with
When the phase in the first cell of a multicell is adjustedn aluminum plate, optical transition radiation (OTR) was
to enhance both compression and acceleration, teeitted. The bunch length was measured by detecting the
remaining cells are out of the phase of maximur®TR by the streak camera. Figure 3 shows the result of
accelerating. That causes an expansion of the energy
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Figure3: Measured bunch length

o Figure 4: Reconstructed phase space contour of
the bunch length measurement. It indicates a bunch length 100 94 and 80 % emittance.

of 22 ps, which corresponds to 4.0 degrees.

The beam eminence was measured by measuring the
beam distribution on the profile monitor with different
quadrupole fields. Then the emittance was reconstructed
with tomography method[3]. Figure 4 shows the result of
the reconstruction. This indicates that 80 % normalized
emittance is 35 pi mm mrad and that 100 % emittance is
about 5.6 times larger than 80 %. This was achieved
before the succession of the FEL oscillation and under
adjustment of the accelerator parameters.
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