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Abstract: Adiabatic Demagnetization Refrigeration (ADR) does not use working fluids contrary to
conventional refrigerators that make use of the fluid density difference, which leads to superiority
of the ADR under the weak gravity condition. We have been developing a new continuous ADR
system to provide the cooling temperatures between 0.06 K and 4 K. The system will consists of
multi-stages of magnetic materials and magnets cascaded with heat switches for each temperature
range. The ADR cooler is planned to test to confirm the ability of the continuous ADR system
under the milli-gravity condition in airborne flight experiments. The ADR development will be
accomplished through the collaborative works with NASA/SGFC and JAXA/ISAS..
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Table 1 Examples of space missions for low temperatures.

Researches in Japan

Research area

Subject of research

Mission name

Required cooling power

Space science X-ray Suzaku, NeXT, DIOS, XEUS | 0.4pW at 60mK
(TES-typed X-ray 2 uW at 50mK
microcalorimeter array )

Far infrared, submillimeter | SPICA (TES type bolometer) | 2 uW at 50mK

Micro-gravity
fundamental
physics

Solid helium Okuda project 100puW at 0.1K
He3/He4 phase separation | Mizusaki project < 1mW at 0.1-0.87K
Superfluid helium Murakami project 2K

General relativity

Gravitational wave project

700mW at 7-9K

Researches in United States

Space science

X-ray

MBE (microcalorimeter)
Constellation-X (TES)

4mW at S0mK

Far infrared, submillimeter

SPIRIT, SPECS, FAIR

< 10mW at 50 - 100mK

Ultra violet

SUVO, EUV Solar

<10mW at 50-100mK

HEDS
(micro-gravity
fundamental

physics)

Superfluid phase transition

DYNAMX, MISTE, SUE,

2-3mW at 2K

of liquid helium BEST

Solid helium and KISHT, SHE 0.5mW at 0.4-0.6K
superfluid droplet

He3/He4 triple point EXACT 1Im-3mW at 0.5-2K
General relativity SUMO 2-3mW at 1-4K
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Fig.1 Concept of continuous ADR and example of
experimental data.
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Table 2 Characteristics of Continuous ADR.

* Refrigeration power: 100 u W at 0.1 K

+ Cooling temperature: 60mK - 100mK

+ Sample space: 200mm dia. X 100mm high

+ Temperature stability: £ 1mK at 100mK

* High efficiency > 40 Carnot %

+ Expelling heat temperature > 4.2 K

+ Helium free with a 4K Mechanical cryocooler
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Fig. 2 Continuous ADR main parts.
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Fig.5 CPA magnetic material unit.

This document is provided by JAXA.



4K GM

Mechanical
Cryocooler

Thermal
Straps

Thermal

Switches

700mm

Cold
Stage

Optical
Windows

350mm

Fig. 6 ADR and cryogenic system.
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Fig.7 ADR system for airborne flight experiment.
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