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Background

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

✓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.

✓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 alignment.  

✓Several nm particle size indicates enhancement of neutrons in more than 0.1 nm wave-

length region due to coherent scattering with materials

✓ IAEA-CRP promoted progress researches as a hot topics in groups who shear the

importance

✓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

✓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

✓We have proposed  graphene as the material which could be competitive to 
nano-diamond in application for reflectors of cold neutrons.

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

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

✓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

✓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.
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Experiment of nano- diamond with 
5nm particle size at J-PARC 
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Improved beam extraction at compact neutron 
sources using diamonds nanoparticles and 
supermirrors 
Mostafa Jamalipour a, Luca Zanini b,∗, Esben B. Klinkby c, Giuseppe 
Gorini a, Peter K. Willendrup d,b

NIM, A 1033 (2022) 16719

Reports on simulation and experimental validation of cold and VCN 
neutron flux increases by nano-diamond

Factor of 10 gain for 
neutrons  below 
15Åwavelength

Experimental demonstration of  the efficiency of 
a reflector made of F-DNDs for the directional 
extraction of VCN from the source by using a pre-
prototype installation of a VCN source. 

Enhanced directional extraction of very cold neutrons 

using a diamond nanoparticle powder reflector

Rev. Sci. Instrum.. 2022;93(12). 

doi:10.1063/5.0124833
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Neutron Transmission Experiment at RANS

✓Energy dependent attenuation with a small sample in energy range below 1meV

may corresponds to cross section due to coherent scattering.

✓Attempt at RANS: Setting a slit collimator with respect to the cold moderator

could provide neutron beam on a sample. 

✓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. 

✓RANS cold neutron is effective to observe transmission below 1meV to 0.1 meV.
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RANS(Riken Accelerator Neutron Source)

PE

PE

BPE

Graphite ReflectorMesitylene 
Cold Moderator Be 

Target
Refrigerator

Plug
Pb Shield

Proton 
Beam

1840

1875

400

1250

3030

Configuration of the neutron production 
target and the cold moderator

1
5

Air
Be

Mesitylene
Graphite

Vanadium

Proton Beam

Polyethylene

Titanium
Aluminum

30

28

15

15
Insulator

Super-
Insulator

150 100

• 9Be(p,n)9B Proton :7MeV, 100mA at max. 
• Accelerator (RFQ +DTL),  Be target, Graphite reflector
• Moderator：Polyethylene for thermal neutron, 

Mesitylene for Cold neutron
• Shielding: Layered structure with PE, BPE and Pb  

Retrieval

Front view of the plug assembly

7



Slit collimator for the cold 
neutron beam extraction
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Transmission Experimental Set-up

2D data of cold neutron beam 
spot measured by nGEM

nGEM detector 

Front view of the 
cold neutron source

Graphene sample location
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Synthesis Graphene using InALA method developed by Incubation Alliance. 

GRPAPHENE FLOWER® 

US PAT: 8.883.112 B2,  9.379.385 B2,  8.951.451 B2,  9.783.423 B2
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Flower-like structure

Seed-like structure

Fig. Seed-like structure (SEM)

Fig. GRAPHENE FLOWER®

Fig.  Flower-like structure (SEM)

Synthesis Graphene using InALA method developed by Incubation Alliance. 

Fig.  Molded specimen for transmission measurement 11



Sample Graphene1 Graphene2 Graphite Nanodiamond

Shape Φ2５mm Disk
10 × 10 mm 

Plate
Thickness 

(mm)
2.6 3.2 1.9 1.2

Bulk density
(g/cm3)

1.09 0.91 1.77 0.65

Table 1. Shape, thickness, and density of graphene, 
graphite, and nanodiamond materials.

Water 0.2 mm
Water 0.5 mm

Graphene sample 
Made with 
different parameter

Transmission of various sample 
materials with low energy neutrons

Comparing with water, apparent decrease 
of neutron fluxes were observed.Flower and Seeds

Nano-diamond
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Transmission
(DNP, Graphite, Graphene）

Comparison of scattering cross 
sections 

Comparison of neutron transmissions 
of different materials 

Nanomaterials 2023, 13(1), 76
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Sample Graphene1 Graphene2 Graphite
Nano

diamond

Invariant Q 0.0213 0.0114 0.0081 0.0164

Table 2. Calculated invariant Q.

Small Angle Neutron Scattering  Measurements 
by iMATERIA at J-PARC

Graphene Indicating a large scattering power

𝑸 =
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𝟐𝝅𝟐
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Summary

✓We have observed clear difference in scattering performance of

samples which were made by different parameters. 

✓ 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

θ

ω
detector

Graphene Sample

XYZ,θ positioning 
controller 

Graphene Plate setting 
apparatus 

Sample support

Neutron Slit collimator frame

Neutron Beam
Proton beam
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Action Program underway

✓Improvement of graphene in terms of enhancing coherent
scattering

✓Visualization of nano-layered graphene
✓Scattering Kernel formation 

・Neutron angular distribution measurement is planned.

✓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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Thank you for your attention

- Team Graphene Flower -
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