Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 FRP044

SACLA EFEHY—FOLEEREBZFDISAITE
IN-SITU WORK-FUNCTION MEASUREMENT OF THE SACLA ELECTRON GUN
CATHODE

FGIAGRA AR JE)IRISE B, 5 B)
Tamotsu Magome *  B), Kazuaki Togawa®, Hitoshi Tanaka®
A) Japan Synchrotron Radiation Research Institute (JASRI)
B) RIKEN SPring-8 Center

Abstract

A CeBg thermionic cathode is used for the electron gun of the X-ray free-electron laser, SACLA. The CeBs cathode is
typically usable for an operation time of one year or less due to the decrease of emission current. In order to prolong the
emission lifetime, it is necessary to reveal the physical mechanism which governs the emission degradation phenomenon
on/in the cathode crystal. Because a work function (WF) of thermionic cathode is one of the main factors which determines
the emission current density, precise monitoring of the WF in-situ operational condition is essential for tracking the status
of the cathode surface. Recently, we tested the in-sifu work function measurement in the electron-gun test equipment
compatible with the SACLA gun by means of photoelectron yield spectroscopy using excitation laser lights from 410 to
709 nm and succeeded in obtaining the work function of 2.37£0.01 eV at the CeBs temperature of 1494°C. This method

can be applied to the in-situ work-function tracing of the operating electron gun cathode.
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Figure 1: Schematic diagram of the experimental setup.
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Table 1: Output characteristics of the optical parametric
oscillator pumped with Q-switched Nd:YAG laser.

410-709 nm

Wavelength Tunable (accuracy < 0.1 nm)

Maximum linewidth 5.5 cm’! at 450 nm

Pulse duration (FWHM) 3.7 ns at 450 nm

10 mJ at 450 nm

Maximum pulse energy Tunable (1%-100%)

Beam diameter 5 mm at 450 nm

Polarization Linear

Repetition rate 10 Hz
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Table 2: Properties of the Gun

Beam energy 500 kV

Peak current 1A

Pulse duration (FWHM) 3us

Repetition rate 60 Hz (adjustable)

Normalized emittance (rms) 0.6 mm mrad

Cathode CeBe single crystal

Cathode Surface Normal <100>

Rated cathode temperature 1500°C (adjustable)
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Figure 2: Total emission currents measured using a CT

monitor.
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Figure 3: Enlarged view of the photoemission current.
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Figure 4: Photoelectron yield spectrum of hot CeBe.
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