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Abstract

The present proposal is based on recent observation of two new phenomena, 
related to the interaction of neutrons with nano-dispersed medium, in particular 
from powder of diamond nanoparticles with a characteristic size of ~5nm:  (i) 
efficient (close to 100%) reflection of slow neutrons (above 10-20 Å) at any 
incidence angle [1, 2]; (ii) quasi-specular reflection of cold neutrons (above ~5 
Å) at small grazing angles [3]. We propose to implement such diamond nano-
powder reflectors into sources of cold neutrons (where appropriate) as well as 
around upstream sections of neutron guides in order to increase fluxes of slow 
neutrons available for experiments.

Motivation 

Increase of fluxes of slow neutrons (>10 Å) due to implementation of nano-
diamond reflectors would be profitable for many existing instruments at 
the ILL. In addition, a new class of experiments searching for short-range 
forces (fundamental particle physics) [4] and studies of neutron scattering 
at nanostructures would become possible. The main profit for standard ILL 
instruments would consist in increasing the range of wavelength available. 
The key question concerning short-range forces is their existence at the level 
available for experimental studies. The key question for studies of nanostructures 
consists of their 3-D analysis plus direct measurements of their motions. In the 
first case (standard ILL instruments) respective instrument scientists are better 
placed to comment on the role of neutrons. In the case of short-range forces: 
very cold neutrons are the best known method to search for such forces in the 
complete range of 10 pm-10 nm. Concerning the dynamics of nanoparticles 
and nanostructures, very-cold neutrons (VCNs: 10-7-10-4 eV) and ultra-cold 
neutrons (UCNs: ≤ 10-7eV) offer, to our knowledge, a unique method. Studies 
of nanostructures using VCN are strongly linked to “societal problems” and 
potentially to industrial income.

Description of instrument/infrastructure

The project is at its earliest stage, therefore the description is preliminary. In 
its minimum configuration, the project consists just in implementation of nano-
diamond reflectors in sources of cold neutrons as well as in upstream sections 
of neutron guides where appropriate. This part of the project is straightforward 
and assumes significant gains in fluxes for very reasonable efforts. In the 
maximum configuration, one could build a dedicated facility optimized for the 
VCN energy range. Although perfectly feasible from technical point of view, 
such maximum configuration is conditioned, to my point of view, by the degree 
of demand for such a facility from potential users.

Keeping in mind the parameters of the ILL reactor – a steady neutron source 
with large active zone and record neutron fluxes – the VCN facility would be the 
best in the world today and in any reasonable perspective. 

The key technical problems to be solved are the following.

(i) Although the very first measurements of reflection of slow neutrons from 
powders of diamond nanoparticles proved excellent performance of such 
reflectors, there is still room for improvements and optimization of the powder 
parameters. This work could be done using existing ILL instruments. 

(ii) There are still open questions concerning behavior of diamond nanoparticles 
in high radiation fluxes. Although some data are available from the literature, a 
few dedicated experiments with samples irradiated in the ILL reactor seem to 
be obligatory. All these preliminary studies could be done at nearly no extra cost 
to the ILL. Having this information, we could calculate reliably any particular 
configuration.  

It is too early to estimate the budget for this project, because it depends strongly 
on a chosen configuration(s). The performance of nano-diamond reflectors 
could be estimated from Figure 1.

Figure 1: The elastic refl ection probability for isotropic neutron fl ux is shown as a function of 
the neutron velocity for various carbon-based refl ectors: (1) Diamond-like coating (DLC) (thin 
solid line), (2) The best supermirror (dashed line), (3) Hydrogen-free ultradiamond powder with 
the infi nite thickness (dotted line). Calculation. (4) VCN refl ection from 3cm thick diamond nano 
powder at ambient temperature (points) with signifi cant hydrogen contamination. Experiment. 
(5) MCNP calculation for reactor graphite refl ector with the infi nite thickness at ambient 
temperature.
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