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For a simple superfluid, example 4He II,

Ωc1:

Ωc2:

but, …in 3He… a little bit more of things.

R: vessel radius

a: vortex core diameter
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TABLE I
Characteristics of Rotating mK Cryostats. The columns refer to: (i) the appropriate reference;
(ii) the year when the cryostat started operating; (iii) the mode in which the dilution refrigerator
is operated in rotation [1-Shot Single Cycle or Continuous Recycling]; (iv) how the
pumping of the cryostat is organized in rotation [with Rotating Vacuum Seals or by Means of
one or Several Alternating Cryo-Adsorption Pumps (cp)]; (v) type of bearings used to support
the rotation of the cryostat [1×Oil—One Horizontal Pressurized Oil Bearing, 3×Air—One
Horizontal Support Bearing and Two Vertical Stabilizing Bearings, Air Pads—Individually
Adjusted Air Pads, Usually 3 for Horizontal Support and 3 For Vertical Stabilization,
2×Air—One Compact Horizontal and One Vertical Air Bearing]; (vi) location of the analog
electronics [Rotating with the Cryostat, in a Separate Synchronously Rotating Cradle, or
Connected via a Multiple-Slip-Ring Assembly]; (vii) maximum rotation velocity.
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When we discussed desired experimental conditions
in 2000, we had finished the ground design of ISSP
ULT Rota, cooperators expressed their wish to have

< 3rad/sec
As you may have seen in the previous talk, for all of our work,

6.28 rad/sec maximum rotational speed has been essential
for the results.

Then: Is it possible further to increase the rotational speed Ω ?
Are there many interesting phenomena for experimental study

at such increased Ω ?

This is Kubota group’s own activity to pursue this direction
and I will show you one of such subjects below.
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NMR study of 3He-A under rotation

Satelites and main NMR signal change have been studied under
rotation :

As to Main NMR Peak change:
Early Helsinki study by NMR as well as recent one at a constant

temperature.
We report on the main line width change as a function of

temperature as well as rotational speed to up to 1 revolution
/sec.

We have observed three distinct regions with correct τ
dependences, as described by Fomin and Kaminskii(1982), for
the first time .

We have confirmed linear Ω dependence in ΔΓ near Tc,  as to the
lower temperature Ω dependence, we observe something
different from the above scenario. Non-linear effect is clear.
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 P.J. Hakonen, M.Krusius, and H.K.
Seppaelae, J. Low Temp. Phys.Vol.60, 187
(1985), "NMR Studies on Vortices in Rotating
3He-A".



Parts, et.al. Phys. Rev. Lett. Vol.75, 3320 (1995).
“Phase Diagram of Vortices in Superfluid 3He-A”



V.B.Eltsov, R.Blaauwgeers, M.Krusius, J.J.Ruohio and R.Schanen ,
NMR Spectroscopy of the Double-Quantum Vortex in Superfluid 3He-A,

Journal of Low Temperature Physics, Vol.124, 123 (2001).

CUV: continuously unlocked vortex







Experimental Conditions
Pressure: P=30.5 bar
Cylinder diameter:   3.0mm
NMR frequency :    700 kHz
Rotational angular velocity:

Omega -6.28 - 0 - +6.28rad/sec.
Temperature:
We scan both temperature and rotational

angular velocity.



NMR signal under still
conditions



Fomin and Kamenskii (1982)’s discussion on bulk 3He-A
main NMR peak line width ΔΓ

1]. T ~Tc (τ=1-T/Tc <0.04)
Spin diffusion is most important： ΔΓ~ ατ2

2].  0.06  < τ < 0.12

In addition to the vortex peak, which grows in proportion to Ω, 
There should be effect caused by fluctuations to the main NMR line.
Namely, the line width change ΔΓ should  have such dependences:
As to Ω dependence, they supposed linear dependence.

Plateau in ΔΓ should appear

3]. τ > 0.2 : ΔΓ~ βτ　



Experimental work on bulk 3He-A main peak
line width under rotation:

P.J. Hakonen,
M.Krusius, and H.K.
Seppaelae, J. Low
Temp. Phys.Vol.60,
187 (1985), "NMR
Studies on Vortices
in Rotating 3He-A"

They observed plateau in the
ΔΓ　as a function of reduced
Temperature, τ = 1-T/Tc, but not
any n for τn.



V.B. Eltsov, R. Blaauwgeers, M. Krusius, J.J. Ruohio, and R. Schanen,
JLTP, vol. 124, 123 (2001).

Ω sweep at a constant
temperature, 0.7Tc.

ΔΓ ~ Ω3/2



CUV or Vortex Sheet(VS) ? 0].



Our measurements

0]. ΔI/I vs τ

1]. Temperature sweeps at
constant Ω’s.

And

2]. Ω sweeps at constant
temperatures (next page)

Have been performed.

1].



  Ω sweep at constant temperature ~0.8Tc
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τ-linear, τ^2　parameters as Ω, Ω^2







Summary: Spin Dynamics and Vortex
State of 3He-A Studied by NMR

We have observed three distinct regions of specific line width
change, ΔΓ with correct τ dependences, as described by
Fomin and Kaminskii(1982), for the first time .

We have confirmed linear Ω dependence in ΔΓ,  as to the
lower temperature Ω dependence, we observe something
different from the above scenario may have in effect.


