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Our CB-KID method can be used for many scientific/industrial purposes such as (1) hydrogen
embrittlement of steel, (2) imaging plant-soil systems, (3) water dynamics in cells, (4) magnetic
domains in magnetism, (5) water removal efficiency from fuel cells, (5) ionic pulsation in Li
batteries.

This project achieved the following things. (1) Stabilization of temperature
was achieved as T = 5K +/- 73uK. Spatial resolution becomes better due to propagation velocity
stability. (2) We built a new cryostat to mount a
sample at room temperature. (3) We achieved the best resolution of 10um for a cryogenic-temperature
sample and 24um for a room-temperature sample. (4) We can conduct the energy-resolving spectroscopy
from 1meV to 500keV. (5) We conducted neutron transmission imaging using various interesting
samples. References: [1] T. Ishida, T.D. Vu, at al., J. Low Temp. Phys. 214, 152 (2024).
[2] T.D. Vu, et al., Invited talks at 4th ICEBA2023 (Dec 8th 2023, HCM, Vietnam). [3] T.D. Vu et

al., J. Phys. Conf. Ser. 2545, 012019 (2023). [4] H. Shishido, T.D. Vu, et al., J. Appl. Cryst. 56,
1108-1113 (2023).
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1. WFFERRAA A DTE 5

Neutron beams are sensitive not only to certain light elements, such as hydrogen, lithium, boron,
carbon and oxygen, but also to exceptionally heavy elements with high neutron absorption cross-
sections, such as gadolinium, samarium, europium and cadmium. The characteristics of
experiments conducted using neutron beams are thus remarkably different from those using X-
ray, electron or proton beams. Neutron imaging has been used as a non-destructive technique for
investigating materials via transmission spectra, pore structures, and neutron tomography. High-
ended neutron detectors are indispensable in enhancing system performances of the instrumental
system.

The CB-KID system was proposed as a superconducting neutron detector. Its operating
principle is somewhat similar to a superconducting single photon detector (SSPD), but in contrast
to SSPD, CB-KID works even under a small bias current. A transient change in the density of
electrons in the superconducting wire ns occurs at a hot spot created by a passing charged particle.
The CB-KID was proposed for neutron imaging. When used for neutron imaging, a '°B
conversion layer is needed to convert neutrons to charged particles, which in turn create hot spots
in the meanderlines. London-Maxwell superconducting theory of CB-KID predicts that a negative
pulse propagates in the downstream direction from the hot spot, while a positive pulse propagates
upstream. A superconductor-insulator-superconductor planar structure in CB-KID provides an
efficient waveguide to transmit electromagnetic pulse signals. This allows us a larger sensitive
area of CB-KID as a neutron detector.

A spatial resolution for neutron imaging of 20 um was reported using a scintillator camera
detector using a CMOS sensor (D. S. Hussey et al., Nucl. Instruments Methods Phys. Res. A, 866,
9 (2017)). A '°B-doped multichannel plate was used for imaging with pulsed neutron sources with
a resolution of 55 um (A. S. Tremsin et al., Nucl. Instrum. Meth. Phys. Res. A 787, 20 (2015)).
Our group developed the current-biased kinetic inductance detector (CB-KID) and demonstrated
resolution of 22 um (H. Shishido et al. Phys. Rev. Appl. 10, 044044 (2018)).

2. WO HI

This project aims at understanding the operating principle of a 4-CH delay-line current-biased
kinetic inductance detector (CB-KID) system. It is undoubtedly important to improve the
detection efficiency of the CB-KID. We revealed that the number of neutron-detecting events
remarkably increased when the operating temperature of the CB-KID detector increased toward
the superconducting critical temperature. However, the detailed mechanism and underlining
physics have not been elucidated yet. We plan to investigate systematic behavior of the CB-KID
as a function of operating temperature by building a precise temperature-control system. We
believe that my findings from this research will contribute to understand the operating principle

of CB-KID for pioneering the way of ripple effect of CB-KID to various applications.

3. WD Hik

In Fig. 1, we show the instrumental system used for CB-KID neutron transmission studies. We



played an important role in building this system, and we believe this system is useful and very
crucial in conducting the present proposal. The first important equipment to develop a
superconducting neutron imaging was a cryostat. The superconducting neutron detector is cooled
down to 4K by a GM refrigerator which is working for long-time measurements under the
stabilized temperature. In Fig. 1, a GM cryocooler was ready to mount a superconducting neutron
detector CB-KID in conducting neutron imaging experiments.

We developed two independent measurement systems to check neutron-detector properties and
to conduct the experiments under pulsed neutron beams. In order to acquire signals from neutron
detector as timestamps of the signals, we use the Kalliope-DC circuit in combination with the
delay-line CB-KID. A 12-bit oscilloscope (Teledyne LeCroy HDO4104-MS) with 2.5 GHz
sampling is also used to assist a parameter tuning of the Kalliope readout circuit. The Kalliope-
DC circuit acquires only the timestamps of the signals, and then is much more efficient to collect
data without losing the pulsed neutrons at MLF (at 25 Hz) compared to the digital oscilloscope.
We have enough knowledge to code a LabVIEW programing, which includes the recording of

full waveforms of neutron pulse signals from CB-KID.
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: Fig. 1. Neutron imaging system with CB-KD for pulsed neutron beams at BL10 of the MLF |
| of J-PARC. CB-KID. The X and Y-meanderlines are orthogonal to each other. Neutron :
: signals from both ends of the two meanderlines are measured by the Kalliope-DC readout |
| circuit and a digital oscilloscope. A temperature controller can improve the precision of the |
| temperature stability. :

We plan to improve the temperature stability for optimizing the detection efficiency at an
optimized temperature and for pursuing the world-best spatial resolution of the neutron detector
using a delay-line current biased kinetic inductance detector. The temperature controller
(CRYOCON Model 54, AC resistance bridge) will be purchased by this budge to improve the

temperature stability.

4. WrIEHCR

We proposed a current-biased kinetic inductance detector (CB-KID) as a novel
superconducting detector to construct a neutron transmission imager. We evaluated all
results obtained in this project in view of publication missions and exploring new ideas for

future studies. (1) To optimize neutron detectors, the stabilization of temperature very



precisely as T = 5K+ 73uK was important to obtain high-resolution images under pulsed
neutron. In preceding studies, we found the spatial resolution was dependent on the detector
position at the central areas or at the detector edges. The delay-line technique is influenced
by the propagation-velocity fluctuations in evaluating positions of the images. The
temperature stability of neutron detector reduced such efforts appreciably. (2) We built a new
cryostat to mount the test sample at room temperature [1]. This made it possible to apply our
method to various different samples. (3) The characteristics of a superconducting neutron
detector have been systematically studied to improve a spatial resolution down to 10pum in
transmission imaging. We achieved the best resolution of 10um using a cryogenic-
temperature sample and 24pm for a room-temperature sample. We can conduct the energy-
resolving spectroscopy in the wide energy range from 1meV to 500keV [2]. We conducted
neutron transmission imaging using various interesting samples. We conducted neutron
transmission imaging for various samples such as SmSn; crystal, FeS, crystal, Ammonite
Fe,0s, and Wood metal alloy [3], and YbSns crystal [4].
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