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Abstract

The 3-GeV linear accelerator for a soft x-ray free-electron lasers (SX-FEL) requires an electron gun capable of
delivering highly stable and bright electron beam. A new low-emittance gridded thermionic gun embedded in a 238-MHz
rf cavity has been developed for this purpose. The 238-MHz rf cavity accelerates the electron beam generated from the
50-kV thermionic-gun up to 500 keV to avoid emittance dilution due to space charge effect at low energy. We built a gun
test stand to verify the high beam performance, i.e., a normalized emittance of less than 4 mm mrad with a bunch charge
of 1 nC, as predicated by CST and PARMELA codes. Our proof-of-performance experiments demonstrated that a
projection emittance of 1.7 mm mrad was obtained as a core part, representing 60% of all extracted electrons. This
measured emittance agreed well with the simulation value of 2.0 mm mrad.
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Figure 1: Schematic drawing of the low-emittance gridded

thermionic electron gun embedded in the 238-MHz 1f
cavity. Shunt impedance of the 238-MHz 1f cavity is 6.17
MQ.
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Figure 2: Layout of the gun test stand. The symbols ML, ST, WCM, FC, SCM, EPM, and BM represent a magnetic lens,
a steering coil, a beam collimator, a beam slit, a wall current monitor, a Faraday cup, a screen monitor, an energy profile

monitor, and a 30° bending magnet, respectively.
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Figure 3: Beam profile image of 500 keV, 1 nC beam on
the YAG:Ce screen.
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Figure 4: Phase-space of the 500 keV, 1 nC beam.

Table 1: Beam Parameters at the Exit of the Electron Gun
System

Charge 1 nC
Energy 500 keV
Energy spread 4.2 9% (60% core part)

Norm. emittance (rms) 4.3 mm mrad (90 % core part)

Norm. emittance (rms) 1.7 mm mrad (60 % core part)

Norm. emittance (rms) 3.1 mm mrad (Gaussian fit)
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