Experimental study on single-stage adiabatic demagnetization refrigerator (ADR)
with Chromium Potassium Alum (CPA)
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experimental system was built to test the performance of a| 1.0 Lo g by the decompression method are § 100 to be an average of 40 uW. Through analysis, this part of the leakage heat may mainly come from the vibration of
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refrigerator to provide ADR with a low-temperature pressure of helium-4 £ 200- . | | | o ' | '
- D ' ' ' 412 I [ e s A
environment of less than 4 K. A superfluid helium bath was e B — E—— g/[emper?‘“}rel 4
| | Superfluid helium 0 e agnetic field] |
connected to the ADR, and they were controlled by a 44 RS S S— ——CPA 4 08 10 12 14 16 18 \ \ | | | |
mechanical heat switch to turn on and off. A _ _ Evaporation temperature 1 (£) o N 0.8 S R i B R
. . . R : : : : Q : : : i Q \% 1 1 1
superconducting power supply 1s used to magnetize and )00 N A N A M NN N N N 1, Fig.2 Curve of saturated vapor pressure to = loe = =
: : : 2 tion t t f helium-4 = © =
demagnetize the crystal. In the experiment, CPA salt pill 2 CYAPOTHTION TEMpEratire of AeTim 2 . i 2 ,
5 — — 0. f:) 520 [ R
can be pre-cooled to 1.35 K by a superfluid helium bath. = | | | | The CPA can be gradually pre-cooled to :g}l— fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff g 2)
. . . o4 NN e S - - i 2
Applying a 1 T magnetic field, the single-stage ADR can ? | e . 1.25K a.fter. turn on Fhe heat sw1tch. — 02 3 a
. | ? | = _ Demagnetization usually begins when the CPA 1s | | ) 1l
obtain a lowest temperature of 318.5 mK. | \ led to 135 K q h : . ; s \ 1 0.0 318.5mK
; ; cooled to 1. to reduce the experiment time. | R R 3185mkl 00000
2 . 1 R | TII.IK/ - : The temperature of the superfluid helium bath 1s 4-02 /
.Cryogenlc SYStem 0 2500 5000 7500 10000 12500 stable at 1.1 K. The temperature difference | | | ' , \ \ \
.. e Time (S) : ' ' ! ! ' ! ' |
Liquid He infusion port Fig.3 Temperature of superfluid helium bath and CPA crystal betweer.l them 1s due to th.e heat leakage of the 0 2000 | 4000 6000 10000 15000 20000
GM cryocooler oo heat switch and thermal resistance. Time (S) Time (S)
as out por
’ Fig.4 Temperature changes in CPA during magnetization and Fig.5 CPA temperature changes with time after the end of
300K plate — m— [ Support 4. ADR Stage demagnetization the demagnetization
structure
30K plate — | pummmes D — . . . - 1
’ N A vacuum shietd Here mainly introduce the salt pill of ADR. It contains CPA crystals and thermal bus. The thermal 6.COHC]USIOn
T ot . bus 1s composed of oxygen free copper wires interspersed 1n parallel between the two plates, and the ends
HS | L., || -30K shield are vacuum-brazing with the copper rods. The function of the thermal bus is to reduce the temperature This paper designs a single-stage ADR and uses CPA as the paramagnetic salt. An experimental system 1s set up
Superconducting || 4K shield gradient of the CPA crystal. A cylindrical wall made of FRP material encloses the thermal bus inside. for testing. It includes a 1.1 K superfluid helium bath that can pre-cool CPA to 1.35 K. The preliminary experimental
magnets :\ There are slits in the cylindrical sidewall that are used to allow the solution to flow into it when CPA results show that CPA can cool down to 318.5 mK from 1 T demagnetization. Parasitic losses caused by vibration in
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CPA crystal e crystals are grown. After completing the growth of CPA crystals, seal the seam with epoxy resin glue to cryogenic system, especially GM cryocooler, affect the holding time of ADR. In the future, the vibration absorption
optimization of the cryogenic system will be carried out.

prevent it from losing water and thus losing its cooling capacity.

Fig.1 The schematic diagram of the cryogenic system
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