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Abstract

Development of a 20 K cryogenic C-band photocathode RF electron gun cavity has been conducted at Nihon University
in collaboration with KEK. Based on the computer simulations of the cavity and the low power properties resulted at 20
K, applicability of the cryogenic cavity to a very high gradient electron gun and investigation of a high electric field
breakdown of copper surface at a cryogenic temperature has been considered, especially in terms of temperature rise and
stability of the cavity properties at very high RF input powers. The results have suggested a stable operation of the cavity
is possible even at a higher input power than 40 MW with a pulse width of 2 us.
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Table 1: Specification of C-band Cryogenic RF Gun
Cavity Based on Low Power Measurement at 20 K
RF Frequency 5712 MHz
Cavity Length 68.2 mm
Unloaded Q 73000
Coupling Coefficient 19.7
Loaded Q 3526
Electric Field Buildup Time 196 ns
Shunt Impedance 624 MCQ/m
Source RF Power 4 MW
RF Pulse Duration 2 us
RF Pulse Repetition Rate 50 pps
Maximum Cavity Wall Loss 73.6 W
Bunch Charge 0.5 nC
Maximum Surface Electric Field 162 MV/m
Maximum Cathode Electric Field 116 MV/m
Accelerating Gradient 83 MV/m
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Figure 1: Cross sectional view of the 2.6-cell cold-model
cavity for 20 K cryocooling experiments.
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Figure 2: Dependence of the unloaded Q value on the
cavity temperature (a), and the S;; spectrum measured at
20 K (b).

Figur.3: The 2.6—/ce11 low power test cavity mounted on
the cooling head of the refrigerator in the vacuum chamber.
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Figure 4: The maximum electric field, accelerating
gradient and the cavity wall loss.
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Figure 5: Estimation of the quantum efficiency of the
electron beam extraction from copper by 266 nm laser
irradiation and the effective work function.
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Figure 6: The magnetic field distribution in the 2.6-cell
cavity calculated by the CST Studio simulation.
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Figure 7: Temperature dependence of the surface
resistance at DC and 5712 MHz for RRR=3000 copper.
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Figure 8: Time dependence of the RF reflection power and
the cavity wall loss at an input power of 4 MW.
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Figure 9: The maximum wall loss and temperature rise in
the cavity surface during the RF pulse duration of 2 ps at
an input power of 4 MW. The dashed lines correspond to
the case of a square pulsed heating.
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Figure 10: The m-mode resonant frequency and the
unloaded quality factor measured at low temperature
region (a), and the resonant spectrum around the peak
frequency at 20 K.
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