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An offline system for measurement of the intrinsic emittance of photocathode
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Abstract [Background| Photocathode intrinsic emittance represents the lower limit of emittance achievable by
photocathode electron sources and is critical for advancing applications such as free-electron lasers and ultrafast
electron diffraction. Conventional measurement methods rely on large-scale accelerator facilities, which are

unsuitable for rapid laboratory-based optimization of photocathode fabrication processes. [Purpose] This study aims
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to develop an offline intrinsic emittance measurement system for photocathodes that enables rapid characterization
and optimization of fabrication parameters in laboratory environments. [Methods] An offline intrinsic emittance
measurement system was designed and constructed based on the free-space drift principle. Firstly, the system was
made compatible with the photocathode preparation facility through a transfer chamber that enabled vacuum
transport of photocathodes between preparation and measurement devices under ultra-high vacuum conditions
(~10" Pa). Then, the measurement principle utilizing cathode-anode acceleration followed by field-free drift
detection was implemented with a 5 mm cathode-anode gap, 270 mm drift distance, and a micro-channel plate (MCP)
detector system with 10° gain factor. Finally, cesium telluride (Cs,Te) photocathodes prepared using intermittent Te
and continuous Cs deposition processes were transferred to the measurement chamber and characterized for both
quantum efficiency distribution and intrinsic emittance using a 266 nm ultraviolet laser with ~100 pm spot size.
[Results] The measurement results of quantum efficiency show values exceeding 5% across the photocathode
surface, with the maximum efficiency reaching 12.5% at 266 nm wavelength. The measured intrinsic emittance of the
Cs,Te photocathode is 0.592 mm-mrad-mm™" under 5 kV bias voltage, aligning well with internationally reported
values of 0.50~1.0 mm-mrad-mm™" for similar materials. Measurements under different bias voltages demonstrate
good agreement with theoretical predictions. The system exhibits no space charge effects across different laser power
levels, confirming the reliability of the measurement results. [Conclusions] The offline measurement system
proposed in this study successfully enables rapid and reliable characterization of photocathode intrinsic emittance,
providing a practical and efficient solution for photocathode fabrication process optimization in laboratory
environments without requiring large accelerator facilities. The measurement accuracy validated through theoretical
comparison and consistency with literature values demonstrates that this approach significantly reduces the

optimization cycle time for high-quality photocathode development, making it a valuable tool for advancing high-

brightness electron source technology.
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Fig.1 Schematic diagram of the physical principle of
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Fig.2 Three-dimensional diagram of the photocathode
intrinsic emittance measurement device
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detector of the measurement chamber (color online)
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