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Scope of Research
We are studying particle beam science which includes particle beam generation, acceleration and manipulation for
fundamental sciences as well as for practical applications, such as new materials and cancer therapy. We also concentrate
on electromagnetics design such as Neutron Optics, including neutron beam focusing to highly enhance their efficiency
for advanced measurements. We are the first in the world to demonstrate active neutron acceleration in order to seek the
neutron Electric Dipole Moment. In addition, we contribute to
advanced fault detection techniques for the International Linear Collider project superconducting a ccelerating cavities.
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TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES

Topics
Evaluation of Superconducting Characteristic
on the Multilayer Thin-Film Structure That
Consists of NbN and Insulator Layer on Pure
Nb Substrate
In recent years, it has been pointed out that the maximum
accelerating gradient of a superconducting RF cavity can
be pushed up by coating the inner surface of the cavity with
a multilayer thin-film struture that consists of alternating
insulating and superconducting layers. In this structure,
the principal parameter that limits the performance of the
cavity is the critical magnetic field or effective HC1 at
which vortices start penetrating into the superconductor layer, and it is predicted to depend on the combination of the thicknesses of the layers. Hereafter, such
multilayer structures on pure bulk Nb in superconducting state is referred to as S-I-S (Superconductor-Insulator-
Superconductor) structure. The effective HC1 of a superconducting material can be evaluated by applying an AC
magnetic field to the material with a small coil and detecting the induced third-harmonic signal at the coil. Hereafter,
this method is called third harmonic voltage method.
For the third harmonic voltage method, an AC magnetic
field at the angular frequency of 5 kHz is generated by a
coil close to the superconducting sample and the third
harmonic voltage v3(t) = V3 sin (3ωt) induced in the coil is
simultaneously measured, where ω is the angular frequency
of a sinusoidal drive current, I0 sin (ωt) represents the current flowing through the coil, and V3 is the amplitude of
v3(t). If the temperature of a sample in the superconducting
state is being raised while the amplitude of AC magnetic
field H0 is fixed, V3 suddenly rises when H0 exceeds the
effective HC1 of the sample at a certain temperature. In the
measurement performed at Kyoto University, H0 is controlled by drive current I0, and the temperature dependence
of the effective HC1 is evaluated from the temperatures at
moments when V3/I0 suddenly rises.
We have tested a multilayer sample that consist of NbN
and SiO2 coated on pure bulk Nb. The pure bulk Nb substrate of the sample is pretreated with the standard electropolishing recipe for bulk Nb cavity. The multilayer sample is prepared using DC magnetron sputtering technique
(ULVAC, Inc.). This sample is a thin-film structure of
200-nm-thick NbN and 30-nm-thick SiO2.
The temperature dependence of the measured effective
HC1 of the sample is depicted in Figure 1. The horizontal
and vertical axes represent the temperature and the measured effective HC1, respectively. The measured values of
HC1 of pure bulk Nb sample and the effective HC1 of
NbN(200 nm)/SiO2(30 nm)/Nb sample are represented
by the open circles and black triangles, respectively. In

general, the temperature dependence of HC1 satisfies the
following equation:
F(T) = F(0) × (1−(T/T ) ).
2

c

The red curve is the theoretical curve obtained from the
function of F(T) assuming F(0) = 180 mT and Tc = 9.2 K,
which is used for calibration. The green dashed curve is
obtained by fitting data points of the sample in the region T
<9.2 K to the function of F(T). On the other hand, the blue
one dot chain line is obtained by fitting data points of the
sample in the region T >9.2 to the function F(T) at which
Tc was fixed at 13.8 K, a value obtained from the measurement result of the critical temperature of NbN film. At temperatures below around 9.2 K, S-I-S structure is formed
because both pure bulk Nb and NbN film are in superconducting state. Thus, the effective HC1 of the whole NbN/
SiO2/Nb structure in the superconducting state is expressed
by the green dashed curve. On the other hand, for temperatures greater than around 9.2 K, S-I-S structure does not
hold. Thus, the blue one dot chain line corresponds to the
effective HC1 of only NbN film. As a result of fitting, F(0)
and Tc are estimated as (210 ± 7) × 10−3 and 9.21 ± 0.02 K,
respectively for the green dashed curve, whereas F(0) is
determined as (3.3 ± 0.5) × 10−3 for the blue one dot chain
line. It is thus confirmed that F(0) of NbN(200 nm)/SiO2(30
nm)/Nb in the region of T <9.2 K is improved by 17 %
compared to that of pure bulk Nb. The measurement result
clearly showed that the effective HC1 of pure bulk Nb improved by using the multi-layer film coating of S-I-S structure.

Figure 1. Comparison of measured effective HC1 between NbN(200 nm)/
SiO2(30 nm)/Nb and pure bulk Nb samples. The red curve represents
2
0.18 × (1−(T/9.2) )., which is used for calibration. The green broken line
and the blue chain line are obtained by fitting data points of sample.
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