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Abstract

The 55 final focusing SC magnets in the SuperKEKB interaction region are assembled into two cryostats (the QCS-L
and QCS-R), located at the left and right sides of the accelerator interaction point, respectively. The two cryostats are
cooled with subcooled liquid helium at 0.16 MPa and 4.5 K by two independent refrigerators of about 250 W cooling
capacity. In February 2017, the two QCS cryostats were installed into the accelerator beam lines and in April were inserted
into the Belle II detector. The cryostats were connected with the subcoolers and refrigerators. As cryogenic systems,
commissioning was carried out to cool down the cryostats since May 2017, to excite the SC magnets and to test the
cryogenic system interlock protections, before the magnetic field measurements for the accelerator operation in August
2017. This paper introduces the cryostats and cryogenic systems, and the cryogenic commissioning processes. The
cryostat heat loads were measured and the results are presented in this paper.
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Figure 1: QCS cryostats and cryogenic devices before the Belle II detector roll-in at the Tsukuba experimental hall.
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Figure 2: Two QCS cryostats of the SuperKEKB final

focusing, inserted in the Belle II detector, and their
cryogenic devices in the KEK Tsukuba experimental hall.
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Figure 3: Cross section of the QCS-R magnet cryostat.
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Figure 4: Cooling scheme of the service cryostat and SC
magnet cryostat of the QCS-R, and the cryogenic sensors.
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Table 1: Cold Masses and Heat Loads of the QCS Cryostats

QCS Cryostats QCS-L QCS-R
Total cold mass, kg 1522 3139
= Front LHe vessel, kg 1180 2076
% Rear LHe vessel, kg 342 1063
é Heat load of the two LHe vessels, W
Ué; Support rod 9.7 5.8
‘(2; Thermal radiation 6.6 10.1
% Instrument wires 0.9 0
Sub-total, W 17.19 15.9
Heat loads of the supply lines, W
Pipes of current leads 1.63 2.72
Thermal radiation 0.55 0.71
Cryogenic lines 2 2
% Instrument wires 0.8 0.75
%_ Sub-total, W 4.93 6.18
g Heat loads of the return lines, W
% Pipes of current leads 9.86 9.75
Thermal radiation 1.39 1.39
Instrument wires 3.1 2.67
Cryogenic lines&Valves 4 4
Sub-total, W 18.3 17.81
Cryogenic transfer lines, W 16 16
LHe flows for current leads, Lrue/h 28.3 29.2
Summary, W 56.42 55.89
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Figure 5: Cooling curves of the QCS-L cryostat, in its
cryogenic system.
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Figure 6: Monitored resistance evolutions of the SC
magnets in the QCS-L cryostat.
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Figure 7: Measured refrigeration and liquefaction

capacities of cryogenic system with and without the QCS-
L and QCS-R cryostats.

Table 2: Heat Loads of the QCS-L Support Rods of the
LHe Vessels and Support Pipes for the Current Leads

QCS-L Cryostats

Item
service scmagnet  Total  Diff.
Cal. from 150 K 19.1 13.2 323
11.1
Design, 120 K 11.5 9.7 21.2
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Figure 8: Cooling-down curves of the QCS-R cryostat for
the first time to reach LHe temperatures.
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Figure 9: Monitored resistance evolution of the QCS-R SC
magnet coils.
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Table 3: Measured Heat Loads of the QCS-L/R Cryostats

Figure 11: Measured temperatures and LHe flows of the
QCS-L/R cryostat LHe vessels and subcoolers.
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Figure 12: Cooling processes of the QCS-L/R cryostats in
the helium T-S diagram.
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The QCS cryostats QCS-L QCS-R
mass flow rates (g/s) 22.6 17.4
Supply line (Q1, W) 12.5 14.9
Two LHe vessels (Q2, W)  24.8 17.4
Total heat loads (W) 37.4 32.3
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