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Construction of a Dilution Refrigerator for Low Temperature Microgravity
Experiments and Novel Phenomena of Solid 4He under Microgravity
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Yuichi OKUDA

Abstract

A compact dilution refrigerator which can be boarded on the jet plane (MU-300) was constructed for the purpose of
studying solid 4He physics under zero gravity. It was demonstrated that the fridge could cool down to 140 mK on the plane
and the lowest temperature was not affected by the parabolic flight. We successfully cooled solid ‘He down to the same
temperature, and were able to perform the observation of the crystal growth of solid 4He under zero gravity. The detailed
description of the construction is presented and an interesting melting and growth of cfacet of ‘He at 140 mK under zero

gravity is reported.
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Schematic drawing of the cryostat. A: Motor
of GM refrigerator, B: 1K pot, C: Still, D:
Tube-in-tube heat exchanger, E: Mixing
chamber, F: Sample cell, G: 4K bath, H: 4K
thermal shield, I: 80 K thermal shield, J:
Vacuum can, K: Optical window, L: Optical
bench, M: Vibration absorbing device, N:
Camera, O: Light source, P: Lens.
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Fig. 3 Compressor for 4K-GM refrigerator.



i A, i

9) YL OEREE LT 8~10 2V U v b
T, FOEDOMEIK He 2D EITE B+ 720 HE
TEsHZ L.

2.4 FWRAFEBOEKRNTH A >
2.4.1 4K GM A E#

MZEEBR CORRKOERIE, FIATEIBE NN D
ODTRLNTNWAZ L THAB. MU-300 DIEAE, 1R
1.5 kW (h—%/1 2 RZfE) LITICMAD Z EDNEFESN
TW5. ZOEFITEZDL, GM S e LT,
R EMAE RO RDK-101D Z£:A L7=. 4 K jEEfHEE
TOWHENT 0.1 W THY, BURTIXENHEEN &
N GEFERIET 1.3 kW) HETHD. =Tyt —0
YA X MU-300 ODIREDT v 7 DY A ZARITILES.
TR TT v ZICINEDDILZ OO R TH 5.

4K GM MBS & eIl 2 BRIc&Uc e 2 2 L,
ALy —KKIZH DA ALK 20 RIEICERHE S
TWHEMAE He OIREERDZETHD. av T yHh—
TIEME STz tHe H AL AA NVDIREWE, A4 NMiTE
NL—4—T He HRAELIANIHEEENT-DE, 2
Ty —RIE~NREND. HEioERD T, v
Ty —NOZOREWITIA ANV E tHe HANEKRE
ol REETH D EHENI SN D DT, BMUNEIRREIZ 20
PREOLINTHRERMENRKZ 5 L1358 2 v, =
B, MEHAATRY v« 7T 4 bERBRSETWDR,
ATy —OWRIZEFIZRAR LN TR, 20/
WO BNT T, T8 U vy L7 ‘He fOHK
TRA~D 7 A OFGRRIS 2 BIChbEA TS, FREEH
HaE#R O 2 —)L R~y FORE L 3.8~4.3K (@60H z)
THoT.

242 REEOHKE

FORG SRS O OIEESIE, SHe/tHe JRAEAD 3He I2JEAR
& SHe FiitH & ICHIDEEL CTWHIRARYE, —EERY
WO LTS E TR SE S SHe 220 L
SHHTHEGHEBTHD. BHEoRE S HFHIcY Ly
NHDHEANE, FORINDLLT VR, KO L5 I12E
EHLELDEVRRNBEEFITRAILETHD. £
ARG ENTIR A ZENO Z OB R T T+ 50 T,
ZORENEZE) e MBI RFET A ENEETH D,
WUNEANC L R OBELE/ NS T 5720, BHRZERET
X BMRY FEHE LfRET, oRERRICLTH 5.

BB OEE TR TH DHEREHIT, WEEERO K —
FYROT 4 AT VARG L TREL 2. 2080
F AR BRAEDO FEHOAEICHE E LiAZ, FEOMHEIC
HoNERINC Lo TIMADIT DRI >TSS, R
T4 RS EERREH TRES T 5. Figure 4 ([ZWiiE
XZ7RLTWA.

HHRZMIIME? O OFE S REOERE L bk
X% 20 m0THHT. IBETADOWNRIE, ‘He N 25 VU v

Int. J. Microgravity Sci. Appl. Vol. 31 No. 2 2014

~ $87.2 3He FIow? "
3He Flow |
| / $525 < [ |
|
Interface _ ¢4%0 /‘ ‘
\ |
# |
2| | |
| | | »
XA [ ‘ /g /o
3 S
| |
2 S #
$98.7

Fig. 4 Cross section of the mixing chamber. Dark
blue area denotes the 3He conc phase and
light blue area denotes the 3He dilute
phase.
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Fig. 5 Picture of the dilution refrigerator unit
(a). HE denotes the tube-in-tube heat
exchanger. MC is the mixing chamber. (b)
A picture of the same unit with thermal
shield set at the still stage.
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Fig. 7 Pictures of *He bath.
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Fig. 8 Tank for 3He/*He mixture gas and scroll pumps
for 3He circulation and for 1K pot.
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Fig. 9 Temperature variation during the first
cooling of the dilution refrigerator. 4K plate
is thermally anchored to the cold head of the
GM refrigerator.
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Fig. 10 Temperature of the mixing chamber during
the parabolic flight plotted together with
the change of the gravity. The
measurement was performed at the coldest
temperature around 140 mK.
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Fig. 11 Temperature variation of the still during
the parabolic flight, plotted together with
the gravity variation. Notice that the
temperature scale is expanded. The
variation is pretty small.
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Fig. 12 Crystal shape with c-facet is compared
under 0G and 1.23G. The flat surface on
the upper side is cfacet. Temperature
was 140 mK.
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Fig. 13 Nucleation of *He crystal under 0G by the
acoustic pulse. Nucleated seeds are seen at
the upper part of the window. They begin to
detach from the transducer, float around in
the liquid, attach at the wall and finally
disappear.
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