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Performance test of a G-M cooler in magnetic field. motivation and background

Motor Area.

Limit: <50-70 mT [1], [2], [3]

30-50 mT — reduce service life [3]
Recommended by SHI: <30 mT [3]

2"d stage regenerator:
Performance degradades at magnetic field
above: 1 T[2] or 1.5 T [1]

Displacer:
Parallel <150 mT [1]

Perpendicular < 50 mT [1]

[4] the RDK-415 coldhead is operated at a position where the ~¢isplacer

stray magnetic field is lower than 300 mT.

These limitations strongly affect the cryogen free magnet design

The goal of this work: to measure the performance G-M cooler in
magnetic field and to determine the magnetic field limit for the
second stage region.
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Fig.1 SHI RDK-415 coldhead
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Performance test of a G-M cooler in magnetic field. Experimental setup
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Fig.2 Experimental setup scheme and photo



Performance test of a G-M cooler in magnetic field. Experimental setup

Fig.3 Tested cooler Fig.4 The 2"d stage with thermal sensor and heater

Heaters: Manganin wire. Additional voltage taps for precise measurement

The 18t stage: TVO thermal sensor

No magneto resistance >5K at2 T (Y.P. Filippov, 2010 ,How to find magneto-resistance of TVO temperature sensors in the range 0.1-10
K, Cryogenics 50, 243-247)

The 2nd stage: Cernox™ 1050-AA-1.4L

temperature error 10 MK for3-6 Kin2T ( B.L. Brandt and D.W. Liu, 1999, Low temperature thermometry in high magnetic fields. VII.
Cernox™ sensors to 32 T, Review of scientific instruments Vol.70, No. 1, 104-110)



Performance test of a G-M cooler in magnetic field. Test results
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Fig.5 (a) magnetic induction distribution, (b) perpendicular to the coldhead axis magnetic field

abnormal sound at central magnetic field higher than 1.95 T

Magnetic field: < 35 mT for the motor, 40-150 mT between vacuum flange and the 15t stage flange
150mT-2 T between the 1st and 2" stage flanges
Perpendicular field on the 2" stage displacer tube up to 170 mT



Performance test of a G-M cooler in magnetic field. Test results

2nd stage temperature, K
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Fig.6 Dependence of the 2nd stage temperature on induction of magnetic field at heater power
on the 1st stage of 25 W (a) and 15 W (b).

2nd stage temperature fluctuates with peak to peak value of up to 0.65 K. Temperatures on graphs
are averaged values.



Performance test of a G-M cooler in magnetic field. Test results
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Fig.7 (a) The 2nd stage heater power as a function of the 2nd stage temperature at zero magnetic field;
(b) Dependence of the 1st stage temperature on magnetic induction at heater power on the 1st stage of 15 W.

The 1st stage temperature increased on 0.7-1.0Kin1.8T



Performance test of a G-M cooler in magnetic field. Test results
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Fig.8 The ratio of the 2nd stage cooling power in magnetic field to cooling power in zero field at
the same temperature for the 1st stage heater power of 25 W (a) and 15 W (b).

Cooling power reduction: 22%-49% at 1.0 T an 43%-68% at 1.8 T
for the heat load of 0.5-1.5W.



Performance test of a G-M cooler in magnetic field.
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Performance test of a G-M cooler in magnetic field. summary

Summary.

Cooling power of coldhead decreases for 22%-49% at 1.0 T and 43%-68% at 1.8 T
for 0.5-1.5W heat load

Practically no reduction of cooling power for magnetic field up to 0.6 T (0.05 radial
component)
Long term operation at 0.6 T require additional tests.

Abnormal operation at 1.95 T axial and 0.17 T radial magnetic field

Please note! The long term operation of the coldhead in magnetic field may have a
detrimental effect on service life.
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Performance test of a G-M cooler in magnetic field

Thank you for the attention.
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