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Abstract )

In our research group, a mechanical angular
momentum and nuclear angular momentum are focused
on as new angular momentum source interacting with
spin currents. We have succeeded in detecting the
interaction between a mechanical rotation and nuclear
spins by using a spectroscopic method for the first time
and getting experimental data that suggest the generating
a spin current from a mechanical motion of a liquid.

1. Background )

Spintronics is a subject of great current interest
that will be essential in next-generation electronics.
Spintronics exploits an electronic charge and spin
simultaneously so as to produce novel function and
electronic property devices. Efficient generation and a
high precision controlling methods for spin currents are
indispensable to realizing the spintronics devices. Spin
current is a flow of an electronic angular momentum.
So far, angular-momentum transfer from a magnetic
angular momentum and an angular momentum of
an electromagnetic field to spin currents have been
established for generating and controlling spin currents.

In our research group, a mechanical angular momentum
and nuclear angular momentum are focused on as new
angular momentum source interacting with spin currents.
We have carried out study collaborating with Condensed
Matter Theory Group (Mori group). Specifically, for
the first we have built a theoretical framework for
analyzing the interaction between a mechanical rotation
and a microscopic angular momentum governs these
phenomena, after that we performed the experiment one
by one and again and again brushing up the experimental
configurations. After several years of research, finally, we
have reached the study phase that we can get reproducible
result for publication.
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Fig.1 An illustration of the experimental assembly

2. Contents of the study )

We have succeeded in detecting the interaction
between a mechanical rotation and nuclear spins by
using a spectroscopic method for the first time and
getting experimental data that suggest the generating a
spin current from a mechanical motion of a liquid.

We would like to introduce main two results. The first
is the detection of the interaction between a mechanical
rotation and nuclear spins by using a spectroscopic
method. In this study, we have tried to observe Barnett
effect in solids by nuclear magnetic resonance. The
Barnett effect is known as the magnetization of magnetic
body by rotation, it implies that an effective magnetic
field arises in a rotating body [1]. The change of
magnetization by rotation originates in the interaction
between electron spin angular momentum and rotation
so that called spin-rotation coupling, and the Barnett
effect has lately attracted attention again as a theory
of spin current generation using Barnett effect had
proposed [2]. The emergent field B, called Barnett field,
can be derived theoretically from rotational coordinate
transformation into the body-fixed frame. B, acting on
a particle is linearly depends on the angular velocity of
rotation Q:

B, =2m/qg)Q2

where m, g, and g are mass, charge and g-factor of the
particle.

To measure the Barnett field by nuclear magnetic
resonance (NMR) method, the detection has to be done
on the rotating frame same as the body. The reason for
this is that, if there are relative velocity between the
signal detector and the body (signal emitter), an extrinsic
NMR frequency shift arises from the relative velocity
(rotational Doppler effect). To overcome the difficulty,
we developed a new detection method in NMR, and
directly measured the Barnett field [3]. The detection on
the rotating frame was realized by the newly developed
tuning circuit that consists of a sample and detection coil
both installed in the same rotor.

Figure 1 shows the schematic illustration of the
experimental assembly. The assembly comprises two
components: the stationary coil placed along external
field B, and connected to an NMR spectrometer, and a
high-speed rotor consisting of a cylindrical capsule in
which a specially arranged tuning circuit is installed.
This circuit is composed of two small coils placed
perpendicularly and connected in series, and a small
capacitor. One of the two coils is arranged parallel to
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the stationary coil to establish a coupling by a mutual
inductance between the tuning circuit and the stationary
coil (coupling coil). The other, the sample coil, holds
a sample inside. The RF field in the coupling coil
is transmitted to the sample coil and generates an
oscillating RF field to induce an NMR signal. Under this
configuration, the sample coil rotates at exactly the same
angular velocity as the sample. The rotor is put inside the
stationary coil and, during measurements, it is rotated up
to |QQ/2nj=10 kHz.

In Fig. 2, we plot the ""In NMR spectra at various
values of the angular velocity Q. Clearly, the NMR
frequency increases linearly with Q. Furthermore, by
reversing the rotation direction, the direction of the
NMR shift is also reversed; thus, the sign of By, is
reversed. The sign of the g-factor of '"’In is known to be
positive; that is, the nuclear magnetic moment is parallel
to its angular momentum. For the next, we measured the
shifts for nuclei with negative g-factors. From the NMR
spectra for *’Si having negative g-factor, the direction
of the NMR shift is clearly opposite to that for '"In,
indicating that the emergent Barnett field is opposite
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Fig.2 NMR spectra for positive and negative g-factors
Spectra for (A) ' In and (B) *Si NMR obtained at various angular velocities.
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In. In Fig. 3, we collected the
NMR shifts for various nuclei as a function of rotation
speed. In each sample, the NMR shift exhibits linear
dependence on Q. The g-factor for 'Li, ’F, **Na, and
"In are known to be positive, while those for ’Si and
Sn are negative. All the nuclei with positive g-factor
display positive slopes, while all the nuclei with negative
g-factors display a negative slope. These results mean

that the nuclei feel additional magnetic field to the
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external field. It is a direct evidence for the existence
of Barnett field. Thus, we have proved the interaction
between a mechanical rotation and nuclear spins by
NMR. This result shows the possibility of applying the
interaction into spintronics as new angular momentum
source interacting with spin currents.

We also carried out a spin injection experiment
using a fluid motion, which is an experiment based
on a theoretical prediction that is a collaboration with
Condensed Matter Theory Group (Mori group). We
have predicted that spin currents are injected from a
mechanical motion of a fluid into a film attached to
the fluid if it has vorticity gradient, e.g. it is yielded in
Stokes flows. We have developed a method in which
large vorticity can be yielded in a fluid using a gas
actuator on a Pt thin film that is put on a substrate. By
using this method, we have observed spin current signals
in the thin film by using the inverse spin-Hall effect
(ISHE). Figure 3 shows the alteration of voltage in the
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Fig.3 Universal behavior of NMR shifts as a function
of the angular velocity Q

Vertical axis represents NMR shifts; its origin is determined
by the center frequency at Q =0.
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Fig.3 Alteration of voltage in the fluid spin injection
experiment using a liquid metal
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fluid spin injection experiment using a liquid metal. The
voltage appears when a liquid metal flows on the Pt thin
film pattern on a substrate and the polarity of the voltage
changes with the direction of the flows. The correlation
between the flow direction and the polarity is consistent
with the above prediction and ISHE. The experimental
results using experimental setup for qualitative
measurement is under peer review now.

3. Importance of the result and its impact )

We have proved the interaction between a mechanical
rotation and nuclear spins by NMR. This result shows
the possibility of applying the interaction into spintronics
as new angular momentum source interacting with spin
currents.

We have got experimental data that support a
theoretical prediction for spin injection using a fluid
motion. Thus, we have tried to took a first step to realize
a new concept ‘‘spinmechatronics’’, and we have
shown the preliminary result that give an indication
of research and development. Our approach is very
significant in point of view to progress the base science
and technology. Spinmechatronics will be realized, for
instance, a spin-current dynamo or a spin-current motor
based on the above principle.

4. Perspectives )

There is a possibility that we can get information in
nuclear spin by the developed experimental setup for
observation of the interaction between a mechanical
rotation and nuclear spins by NMR. We will do the
experiment to observe it by collaborative study with
nuclear physicists. We will do the experiment to
measure Berry phase or rotational Doppler effect by
using developed experimental setup because it can
be used for the experiment with small change of the
specification.

For a spin injection experiment, we will apply MEMS
for a spin injection experiment using a fluid motion to
explore the mechanism. We also design the experiment
to measure the inverse effect.
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