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Abstract:  [Background] The C-band photocathode radio frequency (RF) electron gun, with an ultra-high
accelerating gradient exceeding 150 MV/m, is a key technology for generating high-brightness electron beams in
fourth-generation light sources. However, its output beam features picosecond-scale ultrashort pulses, a wide charge
dynamic range of 50 pC to 2500 pC, and an ultra-low transverse emittance of 0.18 mm-mrad@100 pC. Existing
measurement methods developed for L/S-band systems can hardly meet the stringent requirements on measurement
accuracy and bandwidth for such beams. [Purpose] This study aims to develop a high-precision beam measurement
system adapted to the characteristics of the C-band electron gun, based on the test platform of the South Advanced
Light Source (SAPS). [Methods] Firstly, a flange-mounted active integrating charge transformer (Active-ICT) was
independently developed to address the challenge of narrow-pulse charge measurement, and a cross-calibration

method based on a set of commercial high-sensitivity ICT and terminator was proposed, achieving a measurement
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linearity better than +1% full scale (FS). Secondly, to mitigate the significant influence of space charge force in ultra-
low emittance measurement, the slit parameters and drift length of the double-slit emittance meter were optimized via
Astra simulation, confining the systematic error within 10% in the emittance range of 0.15—0.25 mm-mrad. Thirdly,
an optical path combining double-slit collimation and a sector dipole magnet was designed to suppress noise floor
interference in energy spread measurement. [Results] Preliminary beam experiments were conducted with the
established system. The results show that the measured photocurrent and dark current are in good agreement with
Faraday cup measurements, and the beam energy curves obtained under different accelerating gradients are highly
consistent with beam dynamics simulation results, verifying the reliability and measurement accuracy of the system.
[Conclusions] This work solves the key beam diagnostics technical bottlenecks in the commissioning of domestic C-
band photocathode RF electron guns, and provides core technical support for the engineering development of similar
high-gradient injectors.
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Table 1 Beam parameters of the C-band RF electron gun with a photocathode’

RF frequency/ accelerating repetition ~ beam energy atthe ~ bunch charge  transverse emittance/ bunch beam rms
GHz gradient/(MV-m™") rate/Hz gun exit/MeV (min.)/pC (mm-mrad) length/ps size/um
5.712 150 1~100 7.3 100 0.175 5 425
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Fig. 1 Beam diagnostics layout of the C-band RF electron gun with a photocathode
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Table 2 Beam parameters for different electron bunch charge

bunch charge/pC ~ normalized Emittance/(mm-mrad) ~ RMS beam size/mm RMS beam spread/mrad energy/MeV
100 0.175 0.0425 0.369 7.26
300 0.323 0.0793 0.565 7.25
500 0.463 0.1120 0.792 7.24
1000 0.845 0.2150 1.270 7.22
1500 1.160 0.2970 1.640 7.19
2000 1.360 0.3790 1.880 7.11
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Fig. 2 ICT structure and equivalent circuit'

P2 2 SR ICT 433k P A 6 o o
e LA LA S RN 2 B P SR, S TR H A R I E A R B PR S S TCT RSk SRR B
9 AZ S B SR SRR N 3 PR

F3 ICTREAENRENHNSHE
Table 3 Beam parameters of the C-band RF electron gun with a photocathode

symbol meaning value symbol meaning value
Iy beam current 20~400 A Ls. Ly secondary leakage inductance negligible
(o capacitance in loop 2 20x180 pF R, third leakage inductance negligible
Cp capacitance in loop 3 360 pF R, equivalent resistance of toroid 1 1.75 Q@100 kHz
L inductance of toroid 1 4.86 uH Ry equivalent resistance of toroid 2 33 Q@100 kHz
L, inductance of toroid 2 121.5 uH N turns of toroid 2 5
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Fig. 7 Double-slit emittancemeter Fig. 8 Principle of the double-slit energy spread monitor
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Fig. I1 Simulation of the beam spot and profile at the YAG screen of double-slit beam energy spread monitor
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Table 4 Beam parameters of the C-band RF electron gun with a photocathode

charge/pC  beam spot size/mm  repetition rate/Hz  average power/mW  peak power/mW  average intensity/nA  peak intensity/A

100 0.6 100 70 144.033 10 20.576
1500 2.5 10 105 2160.494 15 308.642
2500 35 10 175 3600.823 25 514.403
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Fig. 12 Structure of the Faraday cup in C-band photocathode Fig. 13 Back scattered electron spectrum in different

electron gun test platform
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Table 5 Escape probability of the backscattered electrons for different materials (copper, graphite, aluminum)

materials (copper, graphite and aluminum)

material escape possibility/% total possibility/%
copper 0.863 ~1.0
graphite 0.068 0.12
aluminum 0.161 0.25
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Fig. 14 Mechanical structure design of the Faraday cup Fig. 15 Installation of the first beam instruments of C-band
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Fig. 16 Dark current measured by Faraday cup without / with electronics
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