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1. Introduction

Superfluid 3He A, phase

< One phase among multiple p-wave superfluid phases of liquid *He
e [t only appears in magnetic field.

< The condensate is believed almost totally spin polarized. (consists of
up-spin cooper pairs)

e Characteristic hydrodynamics,
such as “Magnetic Fountain Effect” 3.5MPa

Magnetic Moment

T p ﬁ

Spin

Pressure

Magnetic Field

Definition of up-spin cooper pair



Magnetic Fountain Effect PSM2010

e Magnetically accelerated superfluid He in A,
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2. Early experiment

Motivation

To investigate Magnetic Fountain Effect
In homogeneous and large magnetic field

ISSP large 15 T sc magnet and nuclear
demagnetization refrigerator




Experimental Cell —magnetic Fountain Effects
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P=21bar
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MEF experiments: Results
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Minority Spin Condensate PSM2010
Theoretical Prediction

Monien and Tewordt (1985)
Schopohl, Marquardt and Tewordt (1984)

Existence of M.S.C. with opposite | | spin pairs and
energy gap A |

(because of stablilization from dipolar energy)
M.S.C is very small ~order of 10-3
M.S.C. increase near T,

Intrinsic relaxation 10+

(Leggett-Takagi Theory) =~ .
Relaxation Rate |

calculated from MSC theory TV
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value = ten times smaller - T
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3. SpIn pump experiments PSM2010

Basic ldea

Almost totally spin polarized condensate
+

Force the condensate to pass through the superleak

Superleak = Spin filter



Schematic View PSM2010
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Polarization in a small inner chamber should be increased by pumping action

=== 3He SPIN PUMP



Experimental Cell - spinpump ~ PSM2010

diaphragm

Upper capacitor (for drive) Cell body : Macor

Cross-section

12um

10um

W\

Lower capacitor (for detection) =~ Superleak
=inner chamber

10 mm

Increasing polarization Volume of inner chamber: V=0.016 cm3

AS/S ~AV |V determined by parasitic volume
If no spin relaxation Diaphragm motion: 1.6 um at 200 Vdc



Result in A, phase, no spin pressure  PSM2010
28 bar, 5T, A, phase
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Result in A, phase PSM2010

28 bar, 5T, A, phase

Delay in diaphragm motion
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Polarization FELWZOIL

Polarization [%0]

1.0

Calculated from difference
08- 28bar, 5 Tesla between data and force
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Sweep lime
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Time [sec]

Initial polarization of liquid 3He =2.2 % at 5Tesla,

Maximum increased polarization 0.8 %

~Increase by 40% from initial polarization



Spin relaxation times at different polarization
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Spin relaxation times at different polarization
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Summary PSM2010

Spin Relaxation in *He Al phase

— In homogeneous and large magnetic fields
— Temperature dependent spin relaxation rate
— Comparison with M.S.C theory

Spin pump experiment
— Polarization was increased by 40 %, estimated from spin pressure.
— Polarization dependence of Spin relaxation rate

Alternative method for spin polarized *He experiment in
“‘mK” temperature range

Future Aspects

— What happens in larger polarized 3He?
Spin relaxation?, Stability of superfluid phase?



