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Introduction of KEK Cryogenics

▶ Sub-Kelvin Refrigerator (UCN cryogenics)
▶ COMET Cryogenic system
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Ultra Cold Neutron Experiment
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System Overview

・Helim3 refrigerator 0.8K@10W 

・Proton beam power  20 kW at TRIUMF

・Important cryogenic technology

  1. to design the Helium3 refrigerator with the cooling capacity of 10W, 0.8K

  2. to evaluate temperature increase of isopure He II during ucn production.

How to produce UCN？ ANS: Superthermal method.

     isopure He II (0.8K) is required.

     How to cool the isopure He II to 0.8K?

   It is difficult to simply reduce the vapor pressure of He II.
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UCN Production Volume Temperature
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Helium-3 Refrigerator developed by KEK
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Structure of Heat exchanger, HEX-4
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∆TK1,∆TK2, Kapitza Conductance

Phonon Radiation Limit theory

Kharatnikov theory

Experimental results

3He and 4He di erence
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∆TGM , temperature gradient in the isopure He II
▶ In sub-K region, normal component (excitation component) ρn becomes dilute.
▶ In such a case, we have to check violation of continuum assumption.
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Flow behaviour of ispure He II in the UCN guide
temperature increament uncertainty

1.8K 0.8K100W, t=60sec 11W, t=23sec

velocity (normal component)

velocity (super uid component)

Temperature

velocity (normal component)

velocity (super uid component)

Temperature
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COMET Cryo Overview (except compressors)
overhead view side view

TRT for capture sol.

capture solenoid

transport solenoid

TRT for transport sol.

cold box

current lead box

diode box

CLB(2)
CLB(1)

TRT(3)

TRT(2)

TRT(1)underground

1st floor

capture solenoid
transport solenoid

detector 

     solenoid

He gas lines

▶ Cryogenic system is almost conventional. 　 Highlight points are as follows.
▶ Abandoned cold box and control system was restored mainly by KEK cryo staff to reduce

construction cost.
▶ Cooling capacity of the cold box is 100 W which is almost equal to estimated load. So, all the 9

current leads such as 3kA are HTS leads instead of the usual gas cooling.
▶ The transfer line has a function in which superconducting wires and busbars are conductively

cooled from a two-phase flow line. 11 / 15



cooling scheme for capture sol.
▶ cooling pipe structures: up-down, bending and curved piping (no branch)

cooling pipe for capture solenoid (void fraction of LHe at 175.6 sec)

オメガパイプ（A6063)
オメガパイプ（A6063)

LES-VOF simulation using gas-liquid interface tracking algorithm in the turbulent ow

shield: 40K@0.8MPa

magnet: two phase 

               of 4.5K

blue domain:gas

red domain: liquid 
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Structure on PCS-CLB

▶ HTS current leas for 3kA etc are installed to reduce static heat load. 13 / 15



structure of cryogenic transfer line (TRT)

Al shield
A6063S-T5

Spacer (G10)

pipe fixing jigAl clamp

Cross section of TRT 

(structure on 4K stage)

Superconducting cable cooling structures

Spacer 

(G10)

Spacer guide pipe

L=15mm (G10) 4K return 

  OD=27.2mm, 

  t=1.65mm

50K shield return 

OD=34mm, t=1.65mm

4K supply

OD=27.2mm, t=1.65mm
50K shield supply

OD=34mm, t=1.65mm

NbTi Al stabilized 

superconductor

NbTi Al stabilized 

superconductor

NbTi superconducting cables for 250A

NbTi superconducting cables

for 500A

CLB for pion capture solenoid.

TRT for pion capture solenoid

TRT for muon transport solenoid

Joint structure 

4K cooling pipe

▶ Al stabilized NbTi superconducting busbar and cables are installed in parallel with the cooling
pipes and cooled by heat conduction via a lot of Al clamps.
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Summary and Future plan

https://www.aichi-sangyo.co.jp/products/slm/index.html
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