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Overview of the publications 
Title Date Author(s) Comment 
Effect of 
Nanodiamond Sizes 
on the Efficiency of 
the Quasi-Specular 
Reflection of Cold 
Neutrons, Materials 
16 (2023) 703 

01.01.2023 Bosak, A.; Dubois, M.; Korobkina, 
E.; Lychagin, E.; Muzychka, A.; 
Nekhaev, G.; Nesvizhevsky, V.; 
Nezvanov, A.; Saerbeck, T.; 
Schweins, R.; Strelkov, A.; 
Turlybekuly, K.; Zhernenkov, K. 

Optimal sizes of 
DNDs (~10 nm) are 
found for quasi-
specular reflection of 
cold neutrons (CNs). 

Enhanced directional 
extraction of very cold 
neutrons using a 
diamond nanoparticle 
powder reflector, Rev. 
Sci. Instr. 93 (2022) 
123302 

01.12.2002 Chernyavsky, S.M.; Dubois, M.; 
Korobkina, E.; Lychagin, E.V.; 
Muzychka, A.Y.; Nekhaev, G.V.; 
Nesvizhevsky, V.V.; Nezvanov, A.Y.; 
Strelkov, A.V.; Zhernenkov, K.N. 

A major gain (a 
factor of ~10) in the 
directed flux of VCNs 
due the use of DND 
reflectors is 
demonstrated 
experimentally. 

Why very cold 
neutrons could be 
useful for neutron-
antineutron 
oscillation searches, J. 
Neutr. Res. 24 (2002) 
223 

05.01.2023 Nesvizhevsky, V. A concrete scheme 
for using DND 
reflectors at ESS for 
the enhancement of 
VCN fluxes (a factor 
of ~10) is proposed. 

Effect of Particle Sizes 
on the Efficiency of 
Fluorinated 
Nanodiamond 
Neutron Reflectors, 
Nanomaterials 11 
(2021) 3067 

14.11.2021 Aleksenskii, A.; Bleuel, M.; Bosak, 
A.; Chumakova, A.; Dideikin, A.; 
Dubois, M.; Korobkina, E.; 
Lychagin, E.; Muzychka, A.; 
Nekhaev, G.; Nesvizhevsky, V.; 
Nezvanov, A.; Schweins, R.; 
Shvidchenko, A.; Strelkov, A.; 
Turlybekuly, K.; Vul, A.; 
Zhernenkov, K. 

Optimal sizes of F-
DNDs (~5 nm) are 
found for diffusive 
reflection of very 
cold neutrons 
(VCNs). 

Clustering of Diamond 
Nanoparticles, 
Fluorination and 
Efficiency of Slow 
Neutron Reflectors, 
Nanomaterials 11 
(2021) 1945 

28.06.2021 Aleksenskii, A.; Bleuel, M.; Bosak, 
A.; Chumakova, A.; Dideikin, A.; 
Dubois, M.; Korobkina, E.; 
Lychagin, E.; Muzychka, A.; 
Nekhaev, G.; Nesvizhevsky, V.; 
Nezvanov, A.; Schweins, R.; 
Shvidchenko, A.; Strelkov, A.; 
Turlybekuly, K.; Vul, A.; 
Zhernenkov, K. 

De-agglomeration of 
F-DNDs improves the 
efficiency of F-DND 
reflectors. 

Fluorination of 
Diamond 
Nanoparticles in Slow 
Neutron Reflectors 
Does Not Destroy 
Their Crystalline Cores 
and Clustering While 
Decreasing Neutron 
Losses, Materials 13 
(2020) 3337 

27.07.2020 Bosak, A.; Dideikin, A.; Dubois, M.; 
Ivankov, O.; Lychagin, E.; 
Muzychka, A.; Nekhaev, G.; 
Nesvizhevsky, V.; Nezvanov, A.; 
Schweins, R.; Strelkov, A.; Vul', A.; 
Zhernenkov, K. 

We confirmed that 
fluorination does not 
affect the scattering 
properties of F-DNDs 
while largely reduces 
neutron losses. 
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A Multitechnique 
Study of Fluorinated 
Nanodiamonds for 
Low-Energy Neutron 
Physics Applications, 
J. Phys. Chem. C 124 
(2020) 14229 

02.07.2020 Herraiz, M.; Batisse, N.; Dubois, 
M.; Nesvizhevsky, V.V.; Cavallari, 
C.; Brunelli, M.; Pischedda, V.; 
Radescu, S. 

We performed a 
detailed 
characterization of 
standard fluorinated 
nanodiamonds (F-
DNDs) as the first 
step towards the 
design of optimized 
F-DNDs. 
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Development of reflectors based on fluorinated detonation nanodiamonds (F-DNDs) for very cold 
neutrons (VCNs) and cold neutrons (CNs) 
Publication of results on VCN transmission through novel VCN moderator materials 

We performed several series of measurements with samples of designed fluorinated detonation 
nanodiamonds (F-DNDs), using small-angle neutron scattering (SANS) at D17 and PF1B instruments at 
ILL, small-angle X-ray scattering (SAXS) at ID10 instrument at ESRF, neutron activation analysis (NAA) 
at PF1B instrument at ILL, neutron prompt-gamma analysis (NPGA) at PF1B instrument at ILL, neutron 
diffraction (ND) at PF1B instrument at ILL, quasi-specular neutron reflection (QSNR) at D17 and PF1B 
instruments at ILL, storage of very cold neutrons (VCNs) at PF2 instrument at ILL, etc. 

For these studies, we used standard ILL instruments also developed a new 
spectrometer/diffractometer option, which can be temporarily installed at PF1B instrument (in the 
framework of standard ILL user activities). It includes the following options: ND, SANS, NAA, NPGA, 
QSNR. In contrast to any alternative existing facility, at PF1B instrument, ND can be measured in the 
full VCN and CN energy range of interest to almost all scattering angles; all mentioned methods of 
measurements could be applied to the same sample with the same neutron beam, thus reducing 
various systematics effects. 

Analysis of these results has allowed us to develop the optimum designed F-DND powders with 
parameters which can be “tuned” for any particular application.  

Direct beneficiaries of these developments are ILL and ESS (also practically all other neutron centers 
where the technology of F-DND reflectors for slow neutrons can be used). UCA and UNIMIB 
contributed to the development of the method and are indirect beneficiaries because they will be 
needed for any further implementation of the method. 

The main highlights are the following:  

We published 7 articles including high-impact journals, in particular Nanomaterials (h=5.7), Journal of 
Physical Chemistry C (h=4.2), Materials (h=3.7), Review of Scientific Instruments (h=1.8), Journal of 
Neutron Research (h=0.26). This article completely describe all the performed works within the 
project. 

1. We performed a detailed characterization of standard fluorinated nanodiamonds (F-DNDs) as 
the first step towards the design of optimized F-DNDs [M. Herraiz, et al, A multitechnique study 
of fluorinated nanodiamonds for low-energy neutron physics applications, J. Phys. Chem. C 124 
(2020) 14229]. 

Here and further on, many non-neutron and neutron techniques are always used for every sample. In 
the figures below, 19F – 19th isotope of fluorine; MAS NMR – magic angle spinning nuclear magnetic 
resonance; PTFE – a calibration Teflon sample; CF2, CF0.018 and CF0.079 – samples with different C and F 
ratio; sp2 and sp3 – different types of hybridization of carbon; FTIR – Fourier Transform InfraRed 
spectroscopy; PDF and XRS – neutron and X-ray diffraction methods. 
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2. We confirmed that fluorination does not affect the scattering properties of F-DNDs while 
largely reduces neutron losses [A. Bosak, et al, Fluorination of Diamond Nanoparticles in Slow 
Neutron Reflectors Does Not Destroy Their Crystalline Cores and Clustering While Decreasing 
Neutron Losses, Materials 13 (2020) 3337]. 

In the figures below, TEM – transmission electron microscopy; SEM – scanning electron microscopy. 
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3. De-agglomeration of F-DNDs improves the efficiency of F-DND reflectors [A. Aleksenskii, et al, 
Clustering of Diamond Nanoparticles, Fluorination and Efficiency of Slow Neutron Reflectors, 
Nanomaterials 11 (2021) 1945]; 
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4. Optimal sizes of F-DNDs (~5 nm) are found for diffusive reflection of very cold neutrons (VCNs) 
[A. Aleksenskii, et al, Effect of Particle Sizes on the Efficiency of Fluorinated Nanodiamond 
Neutron Reflectors, Nanomaterials 11 (2021) 3067]; 
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5. A concrete scheme for using DND reflectors at ESS for the enhancement of VCN fluxes (a factor 
of ~10) is proposed [V.V. Nesvizhevsky, Why very cold neutrons could be useful for neutron-
antineutron oscillation searches, J. Neutron Res. 24 (2022) 223]. 

 

 

6. A major gain (a factor of ~10) in the directed flux of VCNs due the use of DND reflectors is 
demonstrated experimentally [Chernyavsky, S.M., et al, Enhanced directional extraction of 
very cold neutrons using a diamond nanoparticle powder reflector, Rev. Sci. Instr. 93 (2022) 
123302]. 
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7. Optimal sizes of DNDs (~10 nm) are found for quasi-specular reflection of cold neutrons (CNs). 
[A. Bosak, et al, Effect of Nanodiamond Sizes on the Efficiency of the Quasi-Specular Reflection 
of Cold Neutrons, Materials 16 (2023) 703]. 
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The overlap with other WP or external experts:  

The method of quasi-specular reflection of CNs is quite useful for the better extraction of CNs from 
cold neutron sources (Task 3.1). 

Deliverables and Milestones achieved so far:  

All deliverables and milestones of this part of the project (F-DND reflectors) are fully achieved. 

Status quo:  

All tasks of this part of the project (F-DND reflectors) are fully completed. 
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