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What are nanodiamond particles? = = o e
A diamond core within an onion-like shell measuring few | .
nanometers; e o
REstcr ' 7 Nitroso
« The outer surface is a shell with complex chemical
composition, consisting of impurities such as carbon, | G
oxygen, nitrogen and hydrogen; " N g | et
« Nanodiamond Powder samples showed efficient reflector .. -
. _4_ .
properties for very cold neutrons (VCN) upto 10™* eV [2]; R
 Large cross-section for small-angle elastic scattering in the o s L
VCN wavelength, and very low absorption. b,
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SANSND plugin for NCrystal

SANS experimental I(g) in absolute units = Z—g (q) microscopic differential per-atom cross section with units barn srt

HE

Empirical 1(q)

asans (ko) = jl(Q)dQ = jozn d¢ jonl(CI)dQ

Source —l?,

1171 — n

L1 u
Incident beam

Attenuated transmitted
beam

0 -
q = 2k sing —— qdq = kisin6do wamwonr  §e Rl

Theoretical I(q)

271. Zko
gsans (ko) = =z f 1(q)qdq 14
0Y0

A4

1

total microscopic per-atom cross section
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oo Data from [1]
Empirical models =
: A>=0.047%0.003
] b;=3.98+0.04
104_; o Teshigawara et al. [2019]
* Piece-wise power law =
% 10° ;
A, qP1 < 1074
* Guinier-Porod + power law — ————
Cq pzr , Qmm S q S Q1 10% 4 PovferLaw - ?:2%1155;00_‘0615
_ —q rg E Cqg=* — g, | © T?Shigawaraet al. [201i9]
I(q) =« g Se 3-s 0, <q<0Q, %103_ | S‘Sexp(;jff) .
-m =
\ BCI q = QZ 102 5
. 101 4
« Data file . .
10-2 10-!

qlA1]
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Theoretical model

—— HSFBA R=2.5 nm
HSFBA polydsipersity

o Teshigawara et al. [2019]

Scattering amplitude per nanoparticle for 105;
hard sphere model using first Born f
approximation [8]: —
1 /[sin(gR cos(gR 3
h (qR) \ (gR) qR g
au "l
|
_ , . 101—; =
Fermi Potential ND radius : &
- 100
Then I(q) is just: :
2 107 -' T 10-2
|1 (6)] 1p~

I(q) = N

T~

No. of Cin ND
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https://github.com/highness-eu/ncplugin-SANSND

How to enable it?

. . CUSTOM_SANSND
The plugin comes with a ¢ -

# custom physics that enables SANS for Nanodiamond particles

SANSND nanodiamond.ncmat file: 2.0 # plugin version
. setthe I’ight density' model # model string input (see Plugin Readme)
’ parameters # relevant parameters (see Plugin Readme)
« choose the model;
* pass the right parameters
Model Inupt name  Input parameters
Piece-wise power law PPF Ay by Az by Oy
Guinier-Porod + power law GPF Asremp Quin
Input data file FILE filename

Hard Sphere First Born Approximation HSFBA R in nm or R distribution filename
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Benchmark

Total Cross Section (barn)

—— Standard Diamond NCrystal
j —— SANS Piecewise Power-law
10% 4 === Guinier-Porod 0.05
3 —-- Datapoint Teshigwara et al. [2019]
1 N~ HSFBA R=2.50 nm
103 4 ——- HSFBA Teshi. R distrib.
3 o Teshigawara at al. [2019]
VESUVIO exp. [2019]
1024 241 ...,
3 NS~
2407 \“:1?::::'; ......
1 239 N T
10 S
E 238 .
9.95e-04 1e-03
10° 3
101 E
10> 1074 1073 1072 1071 100

Energy (eV)

Probability density
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0.05 ~

Theoretical R=2.5nm
Theoretical R=5nm
NCrystal HSFBA R=2.5nm
NCrystal HSFBA R=5nm

0.00

0 (deq)
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Nesvizhevsky backward reflection experiment [2]

Nanodiamond powder sample of 4 x 4 cm? e

0.4mm and 6mm thickness / \
Monochromatic VCN-CN source

Simple counting monitors
Cadmium Beamstop

P Backward counts

"~ Forward counts + Backward counts

eeeeee

neutron
source

Sample thickness

Backward
detectors

Image from [3]
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Benchmark on 0.4 mm sample

Neutron wavelength [A]

HE

197.8 98.9 65.9 49.5 39.6 33.0 28.3 24.7
0.40 ~ .
B
~
O

0.35 A

0.30 A
>
= 0.25
=2
@
Q
g
A 0.20 A
g —-—- Teshigawara file
= Y 77/ N\ S (oo HSFBA R=254
£ 0.15 1 ---- HSFBA poly
A O Exp. backward

Exp. forward
0.10 A
0.05 A
A
]
0.00 =TT S
20 40 60 80 100 120 140 160

Neutron Velocity (m/s)
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Benchmark on 6 mm sample

Neutron wavelength [A]

HE

197.8 98.9 65.9 49.5 39.6 33.0 28.3 24.7 22.0
O
0.4 s
O
(]
O
0.3 A
2
g
= — PPF
£ ---- GPF
g 0.2 9 | ——- Teshigawara file
FSH | HSFBA R=25A
2 -——- HSFBA poly
A O Exp. backward
A Exp. forward
0.1 4
004 &
20 40 60 80 100 120 140 160 180

Neutron Velocity (m/s)
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Low-angle reflectometry benchmark

« Comparison with study about NG
Nanodiamond quasispecular
reflection of cold neutrons:
Nesvizhevsky et al. (2018) [4]

S 45x3.4mm

3400 mm wl

2\ )
« Goal: test the plugin in more = K ‘ T 5 -|-0|: MODE
complex configurations where D / '
i 10x0.1mm

angular distribution of reflected

neutrons is essential. R e
Double chapper spinning -

100 mm

Fig. 1 from [4]
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251 ZZ 10°
i 3.981x10™
<< 20 1.585x10"
< | 2
= | [ 6.310x10
g 2.512x10°
G>J 15 -
=
; ]
=
o T 3
£ 10 1.585x10
z 6.310x10*
] 2.512x10"
5_
S i e

o 12 3 4 5 6 7 8 911112 0 1 2 3 4 5 6 7 8 9 10 11 12
Scattering angle (deg) Scattering angle (deg)
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Reflection probability in A

Quasi-specular
reflection suppresse
due to:

» Diffraction on the
crystal lattice of the
diamond core at
3.57A;

» Too small scattering
angles at individual
ND at wavelengths
of ~3A and below;

Cutoffs are not sharp
due to the finite size of
nanoparticles

Absolute probability of scattering to dejector solid angle

0.0

/

0.5

- v —

%

# .N .F"-"‘.
e,
¢

O 1.0° experimental
A 3.0° experimental
—— PPF
---- GPF
—-—- Teshigawara file
-------- HSFBA R=254
——-- HSFBA poly

7 8 9 10 11 12 13 14

Neutron wavelength [4]

Decrease due to finite vertical size of the detector
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Conclusions

* We added nanodiamond SANS scattering process to NCrystal

* Both empirical and theoretical models available

« Several ND properties in reflection of VCN well captured by our
approach

 Impurities not taken into account, so just ideal ND

* We are working on further benchmarking the plugin for the
enhancement of neutron extraction from Compact Accelerator-
based Neutron Source and general directional extraction
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