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Abstract

In order to develop the elemental technology for the superconducting linear accelerator for ions, the construction of
accelerator system based on superconducting quarter-wavelength resonator is now being carried out. In this system, the
cryocoolers are used as a cooling equipment for the thermal shields. For the decision of the number of thermal shields
and the selection of the cryocoolers, the heat flows into the thermal shields and cavity were estimated. As a result, we
decided to install single thermal shield. In this contribution, the details of heat flow estimation is reported.
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Table 2: Assumed Temperatures of Thermal Shields and
Cooling Powers for Single and Double Stage Cryocoolers

# of stages Double Single
20K 8 W -
40K - 100 W
80K 28 W -
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Figure 1: Schematic view of the cavity, He jacket,
coupler, beam pipes, thermal shields, and outer wall for
the double-stage (20-K window and 80-K window) and
single-stage (40-K window) cryocooler.
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Figure 2: Schematic view of the coupler for the case of
double-stage cryocooler, 80-K window.
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Figure 3: Thermal conductivities of copper with various
RRR’s.
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Table 3: Assumed Number of Temperature Sensors
Attached on Each Region

# of stages Double Single
4K 20 20
20K 10 -
40K - 20
80 K 20 -
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Table 4: Assumed Sizes of Cryomodule and Thermal
Shields for Single and Double Stage Cryocoolers

Table 5: Assumed Temperatures and Electrical
Conductivitiesat Each Regioninthe Coupler for Three Cases
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Figure 4: An example of the surface power loss computed
by CST Microwave studio.
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Figure 5: Electrical conductivity of copper with RRR=30.

Double-stage Cryocooler, 80-K Window

Outer conductor Inner conductor

Assumed Elec. Region Assumed Elec.
Temp. [K] Cond. Temp. [K] Cond.
' [Q'm™] : [ 'm']
300K
200 8.01x107 | 200 8.01x107
80-K win.
50 5.99x108 |
20K 30 2.38x108
10 1.86x10° |
4K

Single-stage Cryocooler, 40-K Window

Outer conductor Inner conductor

Assumed Elec. Region | Agsumed Elec.

Temp. [K] Cond. Temp. [K] Cond.
[Q'm™] [ 'm']

300 K
150 08X 108 | 150 1.08x108
40-K win.
20 1.73x10° | 40 9.22x108
4K
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Table 6: Thermal Flow Estimation for the Case of Double-stage Cryocooler, 20-K Window

4K 20K 80K
Cavity Dynamic loss 3.84 - -
Thermal conduction 0.10 2.70 3.98
Coupler Radiation negligible - 0.05
Dynamic loss 0.10 1.66 0.33
Beam pipe Thermal conduction 0.01 0.13 0.98
Thermal shield Radiation negligible 0.19 1.92
He pipes Thermal conduction 0.35 - -
Support constructions Thermal conduction 0.02 0.91 5.19
Sensor cables Thermal conduction 0.08 0.04 0.03
Total 4.50 5.63 12.48

Table 7: Thermal Flow Estimation for the Case of Double-stage Cryocooler, 80-K Window

4K 20K 80K
Cavity Dynamic loss 3.84 - -
Thermal conduction 0.10 1.47 5.13
Coupler Radiation negligible negligible -
Dynamic loss 0.09 0.06 2.29
Beam pipe Thermal conduction 0.01 0.13 0.98
Thermal shield Radiation negligible 0.19 1.92
He pipes Thermal conduction 0.35 - -
Support constructions Thermal conduction 0.02 0.91 5.19
Sensor cables Thermal conduction 0.08 0.04 0.03
Total 4.49 2.80 15.54

Table 8: Thermal Flow Estimation for the Case of Single-stage Cryocooler, 40-K Window

4K 40K
Cavity Dynamic loss 3.84 -
Thermal conduction 0.36 8.13
Coupler Radiation negligible -
Dynamic loss 0.14 1.19
Beam pipe Thermal conduction 0.06 0.99
Thermal shield Radiation 0.01 1.64
He pipes Thermal conduction 0.35 -
Support constructions Thermal conduction 0.19 2.95
Sensor cables Thermal conduction 0.08 0.06
Total 5.03 14.96
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