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INTRODUCTION: National Metrology Institute of Ja-
pan is responsible for developing certified reference ma-
terials (CRMs) and for establishing the traceability of SI
(The International System of Units) on chemical metrol-
ogy in Japan. To establish SI traceability, the primary
method of measurements should be applied to the char-
acterization of the CRMs. Recently, neutron activation
analysis (NAA) using comparator standard is recognized
as a potential primary ratio method [1]. Despite the
potential of NAA as primary ratio method, the evaluation
of the measurement uncertainty is required in any analy-
sis. In general, there are three main components of un-
certainty in NAA, that is, sample preparation uncertainty,
neutron flux homogeneity, and gamma ray measurement
uncertainty. Usually, flux monitor is used to correct the
neutron flux in-homogeneity. However, although the
flux monitor can correct the neutron flux variation using
the count rate of the known amount of the monitor nu-
clide, it does not reflect the neutron flux of the actual
sample. The most practical method to eliminate neutron
flux in-homogeneity and to improve gamma ray meas-
urement uncertainty is an internal standard method [2].
In this paper, we presented that notable capability of in-
ternal standardization in NAA for determination of Br in
acrylonitrile butadiene styrene copolymer (ABS) resin
as a candidate CRM.

EXPERIMENTS: The ABS resin candidate CRM was
produced by a mixing machine. The calibration solu-
tion of Br was prepared from NMIJ primary standard
solutions. The Au solution for the internal standard for
Br was prepared from a high purity metal. The calibra-

tion solutions contained Br and Au as internal standard.

One hundred mg of the ABS resin samples was used for
Br analysis. The Au solution was added to the samples
before neutron irradiation. The neutron irradiations
were performed by KUR (Kyoto University Research
Reactor) TCPn (thermal neutron flux: 8.0 x 10'°cm™s™)
for 6 h. The y ray measurement system consisted of a
Canberra GC4070-7500 Ge detector and a Laboratory
Equipment Corporation MCA600

RESULTS: It was found that the 'Au sensitivity
(cps/pg) varied according to the sample position in the
irradiation capsule. The relative standard deviation of the
8Au sensitivity (cps/pg) was 3.8 %. The uncertainty
related to the neutron flux homogeneity significantly
contributes to the overall uncertainty, if an internal stand-
ard is not applied. The amount of Br in the ABS resin
sample was determined by calibration curve method us-
ing internal standardization. The linearity of calibration
curve was improved by internal standard. The relative
standard uncertainty related to the calibration curve line-
arity was improved to 0.36 % to 0.87 %. The analytical
results of Br in BCR-681 certified reference material of
polyethylene resin by proposed method were in excellent
agreement with the certified value only using internal
standard.

The analytical results of Br in ABS resin sample by
proposed method was 575 mg/kg=+ 8.0 mg/kg (n=8). The
relative expanded uncertainty (k=2) was 1.4 %.
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CO12-2 Thickness and Density of Adsorbed Additive Layer onto Metal Surface
under Rolling Friction Evaluated by Means of Neutron Reflectometry
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INTRODUCTION: Tribology is one of academic o2 001 A PAOsd:palinitic acid (L)
disciplines covering friction, wear and lubrication in 0.001 / P
engineering for a lot of industrial applications such as 0:0001 PAO
bearings, gears, engine pistons in car and so on. 0‘000010'02 - —

Formation of adsorbed additive layer on metal substrates
has attracted attention as an effective way to reduce
friction. There are a lot of studies investigating the
relationship between the kind of additives and their
tribological properties, but the formation process of the Timing of friction

Scattering vector[A-1]

Fig. 2. Time dependence of neutron reflectivity profiles
obtained by SOFIA at BL16 in J-PARC MLF

adsorbed layer is still unknown. On these backgrounds, 1.3
this study investigated the formation and desorption }? ﬂ:ﬁ%ﬁ: J
process of adsorbed additive layer onto metal surface by 8
means of attenuated total refection infrared spectroscopy 0.9 \f
(ATR-IR) and neutron reflectometry (NR) with time slice ';0.8 \/\/\/‘
mode. 207 —— v(CH,)

<2 - v,(CH,)
EXPERIMENTS: Thin copper film was deposited 0.4 “"'V"E(CC(?(-’)))
onto silicon wafer as target substrate for the study. 0.3 I
Poly-alpha-olefin and palmitic acid were selected as base 3 : 4 5
oil and oiliness additive, respectively. The time Timelh]
dependences of IR absorbance profiles and neutron Fig. 3. Time dependence of IR absorbance peaks after
reflectivity profiles are shown in Figs. 1 and 2. We can rolling friction
see that the IR peaks from COO bonds gradually grown 106
up after the injection of base oil with oiliness additive. 10° -
On the other hand, the neuron reflectivity profiles did not e / \_\ o _
change regardless of time. These results indicated that the . 6 I ™ Tiois
physisorption of oiliness additive molecules was quickly 10; & ‘ = 22:30min:
completed and the chemisorption was gradually 10; 5 20-25min.
proceeded. To investigate the effect of rolling friction, we & /\ A 15-20min.

LE Y 10-15min.

designed the sample holders with rolling friction

mechanism for ATR-IR and NR. The obtained results are TN 5-10min.
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shown in Figs. 3 and 4. The IR profiles showed the OSmin:
desorption of additive layer, but the NR profiles did not 107t K(:‘nft‘m,w‘,
change even after the rolling friction. 07} Base oil only
0.03 00 o  om oo o005 oo
0.025 v.(CO0) q[A"]

» 002 7 Fig. 4. Time dependence of NR profiles after rolling

é 0.015 00 ‘ friction

< 0.01 e

§ 0.005 CONCLUSIOINS:  The additive molecules made the

<|E-17 condensed layer around the top surface by physisorption,

v{(CH,) and they gradually reacted by chemisorption. The rolling
friction process pealed the adsorbed additive molecules

-0.01 - ' ' ' ‘ ' off from the surface temporarily, but the layer was
0 5 ITOime[h]l 5 20 25 quickly repaired. ATR-IR and NR were quite effective to

see the adsorption and desorption processes with

separating ‘physisorption’ and ‘chemisorption’.

Fig. 1. Time dependence of IR absorbance peaks
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INTRODUCTION:

New hybrid detector called B-10+ detector has been —
developed by GE Reuter-Stokes. The detector is what
combines B-10 lined proportional counter with He-3
counter. A big feature of B-10+ detector is reducing costs
while the performance doesn’t decrease much. We have
developed NDA system against the Fukushima debris,
and then we are considering applying the B-10+ detector
instead of He-3 detector that has been most popular for
general NDA systems. The original experiment plan at
KUR was twice experiments at the B-4 port, and once ,*p
experiment with high gamma ray and neutron flux at the T
area under the core. We could carry out the first experi- s If' _
ment in 2014. In the experiment using the B-4 port, we ) I'LEZZZ‘;T
obtained fundamental data of B-10 detector such as the — = chargs amp (through an absorber)
pulse shape and plateau. ml' | PDT charge amp(through an absorber)

1.0E+01 |
EXPERIMENTS: '

The B-10+ detector is 100cm in length. And the gas B B0 07D
pressure including He-3 is approximately 1 atm. Three voltage (V)
types of amplifiers were used. A current amplifier and
charge amplifier are developed by our group, and another
is a charge amplifier from PDT Inc. He-3 detector (4 atm) three kinds of amplifiers
was also used in order to compare detection efficiency
with B-10+ detector. The high voltage power supply was
ORTEC 556H, DC supply was KIKUSUI PDM-3, and
counter was ORTEC 872.

1.0E+07

1 DE+05

counts per 100s

/

1.0E+02 J.+

Fig.1 Plateau measurements of B-10+ detector with

RESULTS:

As shown Fig.1, the current amplifier and charge am-
plifier caused pile-up, which was also observed on an
oscilloscope. Therefore we measured neutron flux Fig.2 A pulse from B-10+ detector using a
through an absorber, the plateau region was observed charge amplifier
clearly. Due to the limited machine time, data of the at-
tenuated flux was not obtained by using a current ampli- — . .
fier, and data after the plateau region was not done. Some E
measurements by He-3 were carried out. As an easy ref-
erence, measurement result by He-3 detector indicates
that B-10+ detector has 40% detection efficiency of He-3
detector. Fig.2 shows a pulse from a charge amplifier on
an oscilloscope. The width was approximately 1 ps that
was the same degree as using He-3 at another measure-
ment. Fig.3 shows an output spectra for a B-10+ detector. I Py
A sharp peak of He-3 was not observed. The reason is 108 | E
considered that the effect of the He-3 gas is not stronger i M' | ]
than the lined B-10 since the amount of He-3 gas is re- | , {,'R il |
duced. We will investigate characteristics of B-10+ de- v e e ”
tector in high gamma ray field as future work. After that,
we will try experiments applying B-10+ detectors to Fig.3 B-10+ detector spectrum using a charge
NDA system. amplifier
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Evaluation of Multiwire-type Two-Dimensional Neutron Detector

with Individual Line Readout
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J-PARC Center, Japan Atomic Energy Agency
'Research Reactor Institute, Kyoto University
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INTRODUCTION:  Multiwire-type two-dimensional
neutron detectors using helium-3 gas are widely used in
neutron scattering experiment facilities because of their
high detection efficiency, low gamma-ray sensitivity, and
excellent long-term stability. We have developed an
advanced multiwire-type two-dimensional neutron
detector system without compromising the otherwise
excellent performance of the conventional detector [1, 2].
A short response time and better spatial resolution can be
obtained in this system by using an individual line
readout method. Additionally, optical devices have been
developed and incorporated in the system for
long-distance signal transmission and insulation between
the detector heads and the signal processing circuits. In
this present study, we performed neutron irradiation
experiments at KUR.

EXPERIMENTS: The multiwire element, which is
developed for individual line readout, has 128 anode
wires, 128 cathode wires for the y-axis, 128 cathode
strips for the x-axis, and a wire/strip pitch of I mm. The
amplifier-shaper-discriminator boards have a total of 256
channels to process each cathode signal line.
Field-programmable gate array based digital signal
processing and digital signal encoding are used to
calculate signal position with a sampling frequency of
106 MHz. Dedicated optical signal transmission devices
are designed to use multimode optical fibers at a
wavelength of 850 nm. List-mode data with the x- and
y-positions and the time of flight are recorded using a
data acquisition system (MPA-3, Fast Comtec). Neutron
irradiation is performed using a neutron beam line CN3 at
the KUR.

RESULTS: Fig. 1 shows a typical response when a 1.0
x 1.0 mm? neutron beam is irradiated on the detector, and
the response at the peak position onto the x- axis is
shown in Fig. 2. As seen in Fig. 2, there are some
background signals. It is considered that these signals
arise from neutron scattered by the beam line, the
collimator, the window and the fill gas. Fig. 3 shows the
reactor power dependence to the measured counts of the
developed detector system. The developed detector
showed a linear response up to the full power, 5 MW, of
KUR reactor and the counting rate at 5 MW was
approximately 2.1 x 10 cps.

Measured counts

50
X position (o)

Fig. Image of collimated neutron beam with size of 1 x 1
2
mm".
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Fig. 3 Measured counts of developed system under
neutron irradiation as a function of KUR reactor power.
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Development of Neutron Resonance Densitometry for

Nuclear Material Quantification in Melted Fuel
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! Research Group for Nuclear Sensing, JAEA
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INTRODUCTION: Neutron Resonance Densitometry
(NRD) [1, 2] is an assay technique of nuclear materials in
particle-formed debris that contains various nuclides,
such as of structural materials and the others. It is a com-
bination of two techniques: Neutron Resonance Trans-
mission Analysis (NRTA) [3], and Neutron Resonance
Capture Analysis (NRCA) [4] or Prompt Gamma-ray
Analysis (PGA). Containing nuclides in a sample are
identified by NRCA/PGA. The information of
NRCA/PGA is used in NRTA analysis to quantify nuclear
material isotopes. A neutron time of flight (TOF) method
is used in NRD measurements. A facility consisting of a
neutron source, neutron flight paths, and detectors, is
required. One of the distinctive features is utilization of a
short flight path; this increases the neutron beam strength,
and reduces construction cost in a practical applications.
On the other hand, that reduces resolving power in TOF
measurements, and increases neutron background. In
order to investigate the effect of neutron flight length, we
carried out NRTA experiments with a short neutron flight
path constructed at the Kyoto University Research Reac-
tor Institute - Linear Accelerator (KURRI-LINAC).

EXPERIMENTS: Experiments were carried out with a
7.5-m flight path. The experimental room and the neutron
source were separated by 2-m-thick concrete wall. A
2-m-long neutron transport tube was installed in the ex-
perimental room as shown in Fig. 1. The center of it was
an Al vacuum chamber, the cavity of which was 200 mm
in diameter; both sides were shielded by 2-mm-thick Al
plates. The chamber was surrounded by S5-mm-thick
B4C-doped silicone rubber (B4C 40%). The outside of the
rubber was high density polyethylene plates (460 x 460
mm). The neutron beam was collimated to be 50 mm in
diameter in front of the transport tube. A °Li scintillation
detector (Saint-Gobain GS20; 100 x 100 x 10 mm) was
used to measure transmission neutrons. The incident neu-
tron flux was monitored by a BF3 neutron detector placed
near the exit of the concrete wall.

Sample and filter plates (100 x 100 mm) were placed in
front of the transport tube: In (0.2 mm), Ag (0.25 mm), W
(0.5 mm), and Pb (10 mm). The neutron pulse width was
controlled by the pulse width of the LINAC electron
beams, which were 500 ns, 2 ps and 4 ps.

RESULTS: Figure 2 shows TOF neutron transmission
spectra. The ordinates are the normalized neutron counts,

and the abscissa time interval after neutron pulse genera-
tions. The dips in the spectra around 192 and 102 ns are
resonances of '8*W at 7.64 eV and 27.0 eV, respectively.
Since the origin of the spectra is relevant to the beginning
of electron pulse injection, the ends of the dips come later
as the electron pulse width increases. The dip at 27.0 eV
is not clearly seen with 4-ps electron pulse width.

SUMMARY: In measurements of NRD, the quantity of
the nuclear materials is determined from NRTA spectra in
the neutron energy range of less than 30 eV [1, 2]. At
KURRI-LINAC, we have examined NRTA with a 7-m
flight path. The resonance dips of %W at 27 eV was
successfully observed with an electron pulse width less
than 2 ps. This indicates the applicability of
short-flight-path TOF system to nuclear material quanti-
fication. The importance of the pulse width of neutron
beam should be noted. Both simulation studies and ex-
periments are expected for realistic design of a TOF fa-
cility of nuclear material quantification.

Fig. 1. A neutron transport tube. A neutron detector was
placed on the table.
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TOF neutron transmission spectra. The base

lines are adjusted, and the curves are added for the sake

of readers.

Fig. 2.
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Test of a Microcell Multi-Wire Proportional Chamber for a Muon-Electron

Conversion Search Experiment, DeeMe
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INTRODUCTION: DeeMe [1] pursue mu-e conver-
sion in nuclear field, which will be a clear evidence of the
new physics if it is found, because Standard Model of
elementary particle physics predicts it beyond an experi-
mental reach. Detector is required to measure electron
momentum precisely after a huge pulse of prompt timing
charged particles, whose width and instantaneous hit rate
is expected to be approximately 200ns and 70GHz/mm®.
Such a large input will make usual wire chamber detec-
tors inactive due to space charge effect. We developed a
new technique to make a chamber to be tolerant to a large
input pulse.

EXPERIMENTS: Experimental setup is shown sche-
matically in Fig. 1. Electron beam collimated to 16mm x
19mm penetrates Multi-Wire Proportional Chamber
(MWPC) and beam counters. Beam rate is tuned chang-
ing current of electron gun heater.

Intensity control by Acrylic board

& PMTs

Collimator
heater power Cherenkov light
Accelerator Accelerator I
NN NN @)
e gun > m
7 & Valad

Pulse electron  Field emission electrons
200ns width  Flat time distribution ND ﬂlter
within 4us of RF injection A (tenuate 103

Plastic
scintillator
& PMT

Fig. 1 Schematics of experimental setup

A huge pulse of prompt timing is emulated by tuned
pulse from electron beam gun. Delayed electron signals
are emulated by field emission electrons.

Electrical field contour inside the chamber calculated is
shown in left of Fig. 2. Anode wires with 1450V and po-
tential wires with OV are put alternately. During a huge
pulse are coming, potential wires are applied with 1450V
as shown in right of Fig.2. With this setting, slope of
electric field near anode wire become gentle that ava-
lanche multiplication is suppressed. Temporary muting
the chamber during a burst pulse is expected to help to
suppress the space charge effect. Rectangular pulsed high
voltage is applied to potential wire to recover quickly

after the blinded period. Because of the very high and
rapid voltage up and down motion, readout electronics
suffers from large current input derived from the HV
switching. We also developed a readout system which
tolerates to high current input.
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800 . 4800
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Fig. 2 Calculated electrical field contour. An-
ode-wire 1450V, Potential-wire 0V(left figure),
1450V (right figure)

RESULTS: Fig. 3 shows an output result of the cham-
ber. Electrons from beam gun tuned to be 70GHz/mm” in
instantaneous hit rate are not amplified in the chamber
with applying pulsed high voltage to potential wire. This
enabled single electron detection coming after the burst
pulse. Noise derived from the HV switching is always the
same, so we can eliminate the noise by subtracting aver-
aged waveform of plural numbers of events. We suc-
ceeded to obtain a clear electron signal after the burst
pulse avoiding the space charge effect by a burst pulse of
charged particles.

3200
2
) - A certain event

- Average of many events

H\ A / YS - Subtracted waveform
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Single electron signa

cE ‘v"(M v‘ | J\
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]

1000
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T T

620!
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Fig. 3 Waveform of the chamber with electron
beam gun pulse and HV swithing
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Aside the pros and cons of the use of nuclear
power as an energy source, it seems to be useful in
understanding the nuclear reactors to describe them
as an ethnography based on the narrative data of
nuclear researchers. By describing the reactor as a
scientific ethnography, it is expected to be high-
lighted the problem of nuclear reactors and
low-level radiation environment from a new angle.
Then, it is expected to provide further knowledge
for living in the contact zone between the field we
live in safely (normal) and low-level radiation field
(pathological), and going into patho and/or coex-
isting with patho.

This is a very unique study that an ethnographer
who is a radiation physicist, a physician and also an
anthropologist participates in wide-range observa-
tion of nuclear research. The researchers have been
forced to include Fukushima as an enlarged research
field, and it is regarded as a chance to write up the
excellent scientific ethnography by doing this rather.
On 2014-2015, we have mainly investigated previ-
ous research, and preliminary investigation has been
carried out with biologists and physicists involved
in nuclear science at the Kyoto University. Their
narrative indicated here was traumatic narrative of
Fukushima that suddenly appeared in their research
field of nuclear science. Sometime it was a narrative
of the confusion of the researchers themselves, alt-
hough almost of the nuclear scientists have investi-
gated sincerely with the nuclear reactor research as
an energy source of the human being. The radioac-
tivity that has been discarded and released has been
completely isolated in a managed environment from
the living space. Conversely, by this act, under-
standing of nuclear reactors and low-level radiation
environment, and also constructing networks among
various sub-specialists structurally become difficult.
The reason why researcher's confusion about Fuku-
shima accident is so strong, I think because our
wisdom as the central pillar of our ego might be ex-
tremely imbalanced state. As being symbolically
shown in Fukushima, because wisdom of nuclear

Ethnographic Study of Nuclear Reactor

self-righteously, once it fall into a little collapse,
lack of resilience of human wisdom for stabilization
and repair becomes embody.

By analyzing the narrative concerning the reactor
of nuclear researchers, to describe the ethnography
of nuclear reactor and nuclear waste that is also a
study object of researchers themselves seems to
lead to development of a new approach to the
methodology of cultural anthropology. Such eth-
nography seems to be very useful for human society
by targeting to nuclear reactor as thing. Many nu-
clear physicists have focused on the following
statement of Prof. Wolfgang Weiss;

“The most serious damage caused by Fukushima
accident is that people lost trust for science and
scientists. This certainly will influence long- term
human history, and we cannot recover such situa-
tion so easily. We scientists are responsible to such
situation.”

Latour has pointed out that the dynamic and contin-
gent elements intervene in the process of establish-
ing the level of intellectual authority and knowledge
that circulates within the scientific community. Case
of Fukushima accident shows this extremely and
plainly. It is expected to also lead to scientific
achievements, such as actor network theory by sci-
entific anthropological comparison analysis of the
various disciplines of nuclear reactor researchers as
different cultures. And also, ethnographic research
might be very helpful tool for well public under-
standing of reactor and/or low dose radiation field,
and then might regain confidence of scientists.

The understanding and knowledge of the re-
searchers of KUR for their acceptance of this ambi-
tious study is greatly appreciated. A new division
for Ethnographic Study for Nuclear Science is ex-
pected to be established in KUR. This research is
supported by Grant-in-Aid for Scientific Research
for 2014-2016, No0.26580152, JSPS. We are now
promoting our fieldwork and are planning to publish
ethnography of nuclear reactor on 2017.

REFERENCES:

[1]K. Azuma, et al., Sekaishiso-sha. (2014)

[2]B.Latour, Routeldge.(2013)

[3]W.Allison, Wada Allison Pub. (2009)

[4]JAESJ, Fukushima Accident Report. Shinppyo-sha.
(2014)

science has extremely hypertrophied
PRARGRE R 7526051 JF- 7 D NIHRE G EPSIN

(BB KT mlEBdE, B, ORI HEKE—RE



CO12-8

Effective Measures on Safety, Security, Hygiene and Disaster Prevention

in Laboratories
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The University of Tokyo
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INTRODUCTION:

Important research aspects can be found in the following
keywords such as safety, security, hygiene and disaster
prevention. Nuclear research reactor is one of representa-
tive facilities together with these keywords under their
operation. It is effective to investigate the latest status on
practical measures on these keywords in various facilities
including nuclear research reactors, to compare each oth-
er among facilities, and to discuss more effective or op-
timized ones for our positive safety management.
Through this process, it is also effective to investigate the
latest international and/or national regulations and the
movement of revision of them. This total discussion con-
tents and its fruit are directly useful for all relating labor-
atories.

RESEARCH APPROACH:

General research approach is as follows.

- Measures of safety management during operation or
standstill status of the real facilities would be investi-
gated. This information would be used for our research
discussion on the positive and more optimized safety
management.

- It would not be a single year research, but maybe two to
three years research for one theme.

- Information source of facilities would not be only KUR,
KUCA or the other facilities in Kyoto University, but
also the Kinki university research nuclear reactor or the
facility of National Institute of Fusion Science, etc. This
research is an active joint-research with these relating
facilities and positive researchers on safety manage-
ment.

- One of the distinctive features of this research is to in-
volve office staffs as cooperators as well as researchers
and technical staffs. In The University of Tokyo, most of
the members in Division for Environment, Health and
Safety are office staffs who knows real situation of
safety management in laboratories very well.

Discussion target in BY of 2014 was determined as
“safety control in use of small amount nuclear materials”
through our internal member discussion. We investigated
the related regulations and their application as well as the
fact-finding in use of small amount of uranium and tho-
rium in Japanese laboratories.

USE & MANAGE OF SMALL AMOUNT of U & Th:

When using small amount of uranium or thorium up to
300g (DU, NU) and/or 900g (Th), most of safety control
procedures requested as radioactive materials are ex-
empted by related regulations. Weighing control of nu-
clear elements is only requested by regulation. This
causes easy usage of uranium and thorium in laboratories.
For example, it is convenient that uranium acetate or ura-
nium nitrate could be used for biology research to ob-
serve chromosomes clearly. Natural occurring radioactive
materials (NORM) such as minerals and seawater sam-
ples including uranium and thorium would also be trou-
blesome sources which could be enriched through some
research processes, and then would change into high
concentration radioactive materials as a result legally.
This is a representative technologically enhanced NORM
(TENORM). TENORM is one of headache materials in
laboratory. Even the amount is quite small, the nuance of
terms of “nuclear” “uranium” and “thorium” will give a
big impact on society when some accidents or troubles
happen. We can use these materials easily and conven-
iently, however these are strictly controlled by the inter-
national regulations on their transfer. The latest guideline
on NORM and TENORM safety management by the
Japanese regulatory body was published in 2009 to sup-
port the safety management. These situations must be
identified and understood by all stakeholders. Framework
of related education for safety managers and users should
be adequately established and applied. All stakeholders
should understand their risk level and features of nuclear
materials as radioactive materials. This could lead rea-
sonable and optimized safety management in laborato-
ries.

NEXT RESEARCH TARGETS;

Education framework, curriculum and textbooks for
safety managers and users as well as relating officers to
fill up the nuclear material controlling sheet for the use of
small amount of uranium and thorium should be dis-
cussed. This discussion should be based on the additional
investigation and analysis of the way to use, control and
storage the materials in laboratories.
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INTRODUCTION: A large amount of CP violation
(CPV) is necessary to solve matter and anti-matter
asymmetry problem in the universe. However, the
amount of CPV standard model predicts is too insuffi-
cient to explain it. The fact indicates that the new physics
beyond standard model (BSM) exists and supplies the
lack of CPV. The neutron intrinsic electric dipole moment
(nEDM) is sensitive to CPV that BSM provides. There-
fore, we can effectively search BSM with precise nEDM
measurement.

The nEDM can be obtained from the ultracold neutron
(UCN) spin precession in a storage container under ho-
mogeneous electric and magnetic fields. In the experi-
ment, the loss of UCNs and their polarization occur due
to interaction between UCNs and wall material, which
make statistical precision worse. It is therefore important
to develop new wall material with low loss probabilities.
On the other hand, in the case that UCNSs are transported
from a pulsed UCN source, by decelerating fast UCNs
and/or by accelerating slow UCNSs properly, these UCNs
can be focused on a storage container at the same time,
which achieves drastic improvement of statistical preci-
sion [1]. However, if diffuse scattering induced by rough
wall arises, the degree of improvement decreases. It is
hence also important to develop a wall material with as
smooth surfaces as neutron mirrors have.

Ni-Mo FABRICATION WITH VACUUM EVAPO-
RATED MACHINE: Nickel-Molibdenum alloy (NiMo)
of 15 weight percent and 9.1 g/cm’ is known as one of
the promising low loss materials. We fabricated test sam-
ples made of NiMo with KURRI vacuum evaporated
apparatus and aimed for 100 nm thickness on SUS304
and Si-wafer substrates.

RESULT AND CONSIDEREATION: We succeeded in
NiMo film deposition itself. However, two undesirable
features appeared as follows:

(1) The densities of test samples were only 6.3 to 6.6
g/em® by measuring XRR, which is far less than ex-
pected value, 9.1 g/cm’. Hence, our deposited NiMo
film cannot be used as a wall material for nEDM.

(2) In this fabrication, a bumping phenomenon could not
be suppressed. Consequently, these surfaces were so
rough that it could not be used as neutron mirrors.

Development of New NiMo Neutron Mirror for Fundamental Physics

The facts of (1) and (2) help us to understand what phe-
nomenon occurred while NiMo ingot evaporating. These
are as follows:

(a) There is a possibility that NiMo ingot material in-
cluded gasses and it caused bumping phenomenon of
(2). If it true, gasses could also affect the density de-
crease of (1).

(b) The deposited NiMo films preserve the nature of Ni-
Mo alloy; Otherwise, the density of test samples
should close to the one expected for Ni, 8.9 g/cm’,
because the Ni vapor pressure is 10° times higher than
Mo at 2000 K.

(c) In spite of (b), the vapor pressure of NiMo alloy was
quite low. Probably, NiMo vapor was not efficiently
transported at substrates from evaporation source po-
sition, which could cause the density decrease of (1).

(d) There is a possibility that the crystal structure of the
deposited NiMo films varied from that of NiMo ingot.
If it true, it could affect the density decrease of (1).

(a), (b), (c) and (d) give us quite an important information
for next desirable fabrication test with vacuum evapora-
tion deposition. First, we should use degassed NiMo in-
got to solve the problem of (a). Second, to compensate
the shortage of NiMo vapor pressure ((b) and (c)), a next
vacuum evaporated deposition should be conducted by
attracting ionized NiMo vapor to substrates with a bias
voltage. Third, to avoid structure change of (d), Ni and
Mo are evaporated simultaneously so that the composi-
tion of deposited NiMo film becomes 15 weight percent
and 9.1 g/en’.

SUMMARY: The material with low loss probabilities
and smooth surfaces is desired for nEDM experiment.
NiMo of 15 weight percent and 9.1 g/cm’ is known as
one of the promising low loss materials. We therefore
fabricated test samples using NiMo ingot with KURRI
vacuum evaporated apparatus. Although we succeeded in
NiMo film deposition itself, the densities of test samples
were only 6.3 to 6.6 g/cm’, and these surfaces were too
rough to use neutron mirrors. To solve these problems, it
is desirable that next fabrication with vacuum evapora-
tion deposition should be performed using two evapora-
tion source of degassed Ni and Mo ingot, and by attract-
ing ionized NiMo vapor to substrates with a bias voltage.
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