10" Meeting of the Union for Compact Accelerator-driven Neutron Sources
UCANS-10, Oct. 16-20, 2023, Budapest, Hungary

Exploring a new application of RANS cold neutrons
for increasing cold neutrons with flower shaped
graphene reflector

Y. Ikeda',M. Teshigawara?, K. Muramatsu?, K. Sutani®, S. Koizum?, Y. NODA?, M. Fukuzumi?, K.
Saruta?, Y. Otake

- Team Graphene Flower -

1 RIKEN Center for Advanced Photonics, 2-1 Hirosawa, Wako-shi, Saitama 351-0198, Japan

2 Japan Atomic Energy Agency, 2-4 Shirakata-shirane, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan
3 Incubation Alliance, Inc. 1-2-25-D-307, Wadayamadori, Hyogo-ku, Kobe 652-0884, Japan

41baraki University, 162-1 Shirakata, Tokai-mura, Naka-gun, Ibaraki, 319-1106, Japan

> Hyogo Prefectural Institute of Technology, 2-1-12, Yukihira-cho, Suma-ku, Kobe 654-0037, Japan

F & ’
—_ = i ® ® SUMWRYI T RIFHIt > S — @
. RI ": N h / ‘. .' Hyogo Prefectural Institute of Technology ﬁm x& |n ALA
INCUBATION ALUANCE.INC

v,
RANS P /S PRRC o0 sty



Background

v Strong demand of high intensity long wave-length neutrons in materials science

v To meet it, projects of 2MW ESS European Spallation Neutron Source at Lund, SW,
2.8MW PPU at ORNL, US, are underway from high power aspect.

v Alongside, various optimization of TMR for neutron extraction in terms of materials, shape,
geometry, etc., e.g., supper mirror to increase cold neutron, but it demands high cost and
stringent alighment.

v Several nm particle size indicates enhancement of neutrons in more than 0.1 nm wave-
length region due to coherent scattering with materials

v/ IAEA-CRP promoted progress researches as a hot topics in groups who shear the
importance

v Recent reports have appeared with proposal and demonstration of nano-diamond powder
as highly efficient reflector materials for neutrons in application to CN,VCN and UCN

v However, nano-diamond exhibits drawback in solidification, it is not easy to make a plate.
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Objectives and overview of research and development
v We have proposed graphene as the material which could be competitive to
nano-diamond in application for reflectors of cold neutrons.

v To demonstrate potential property of the graphene as reflector materials for cold
neutron, we have performed transmission experiment at RANS.

v Graphene made by a special process with HIP has been prepared to measure neutron
scattering characteristic.

v Energy dependent transmission of the sample was measured with a slit collimator using

cold neutron beam provided from a mesitylene cold neutron moderator in stalled at
RANS neutron source.

Sample was located at around 1.6 m from the moderator surface

v Energy range from 100 meV down to 0.1 meV was covered by the TOF experimental
conditions of neutron pules length and distance between the target and detector.



Experiment of nano- diamond with
5nm particle size at J-PARC

Nuclear Inst. and Methods in Physics Research, A 929 (2019) 113-120
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Reports on simulation and experimental validation of cold and VCN
neutron flux increases by nano-diamond
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b E i i a reflector made of F-DNDs for the directional
Ho-Np1d s extraction of VCN from the source by using a pre-
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Neutron Transmission Experiment at RANS

v Energy dependent attenuation with a small sample in energy range below 1meV
may corresponds to cross section due to coherent scattering.

v/ Attempt at RANS: Setting a slit collimator with respect to the cold moderator
could provide neutron beam on a sample.

v Even though less L/D and insufficient energy resolution (time), transmission
could serve to make screening whether the sample is potentially suitable as
neutron reflector quid like super-mirror.

v RANS cold neutron is effective to observe transmission below 1meV to 0.1 meV.
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Slit collimator for the cold
neutron beam extraction

From moderator to detector through the sample
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Synthesis Graphene using INALA method developed by Incubation Alliance.

Mass Production of Few Layer Graphene by InALA method
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Synthesis Graphene using InALA method developed by Incubatlon Alllance
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Table 1. Shape, thickness, and density of graphene,
graphite, and nanodiamond materials.

Graphenel Graphene2 Graphite

®2 5 mm Disk 10 x 10 mm Transmission of various sample

Plate . .
T materials with low energy neutrons
CKNCSS I N 3.2 1.9 1.2
(mm) . . N "
aopeeid 1.0 0.91 1.77 0.65 o .
n : E-n! . j — : : ; e 7 ""'i“:;;ai;
Water 0.5 mm gk  high2
» ~ " hig1
it o * TypeA
-8 Graphene sample ! | & " TypeB
¥ Made with S  graphite
& different parameter . ~ I
L Nano-diamond , 288

Comparing with water, apparent decrease
of neutron fluxes were observed. 12
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Neutron transmission ratio

Transmission
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Small Angle Neutron Scattering Measurements
by iMATERIA at J-PARC
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Table 2. Calculated invariant Q.

z
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Summary

v We have observed clear difference in scattering performance of
samples which were made by different parameters.

v/ Accumulating experimental data, we continue to produce higher

performance graphene to realize high intensity neutron beam
extraction.
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Experimental set-up for angular distribution measurement
with plate type graphene reflectors located in front of the
cold moderator

detector
Neutron Slit collimator frame
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Neutron Beam - }T:'\ —
Graphene Sample

m di@a: mm
; |}

XYZ,0 positioning
controller

Graphene Plate setting
apparatus

Sample support
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Action Program underway

v Improvement of graphene in terms of enhancing coherent
scattering
v Visualization of nano-layered graphene

v’ Scattering Kernel formation
* Neutron angular distribution measurement is planned.

v Demonstration increase of cold neutron by graphene reflector
plates at RANS

* Large plate like graphene fabrication
* Detection of increased neutron flux
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