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Introduction 
High porous impurity-helium condensates, 

or impurity quantum gels, are studied more than 20 
years. But till now it was not so much known about 
their structure – the structural analysis of low 
density noncrystalline materials at low 
temperatures is a very complicated problem. This 
question was solved in part by joint efforts of two 
international groups. The first group including 
experimentalists from Cornell and Rutgers 
Universities (USA) and from BINEP RAS 
(Chernogolovka)  used methods of synchrotron X-
ray spectroscopy, ESR and acoustic spectroscopy 
for studies of the structure and physical properties 
of  impurity gels formed in bulk of superfluid He-
II by molecular and atomic gases (list of their 
publications can be seen in paper [1]).  The joint 
team from ISSP RAS and ILL investigated 
propagation of cold neutrons through the gel 
samples and small angle scattering of cold 
neutrons at the samples of D2O and D2 gels in He-
II (see the references  in review [2]). 

From results of X-ray, mass-spectrometry and 
acoustic studies it was established that impurity 
clusters of molecular or atomic gases form wide-
meshed structure (gel’s backbone), and mean 
dimensions of the clusters lie in the range of dc ≈ 5-
10 nm. Characteristic dimensions of pores are wide 
distributed in the range from ~8 to ~800 nm. 
Superfluid He-II permeating through the net of 
pores serves as the dispersion matter of the gel. 
The total content of the impurity molecules or 
atoms in the gel sample can reach ~ 1020 mol/cm3. 
Thus, impurity gels are soaked with liquid helium 
high porous nanocluster materials (soft matter) 
with a wide distribution of the pore sizes and high 
specific surface, and density of a gel sample is very 
close to the density of surrounding liquid.  
 
Results of investigations 

One of the main goals of our neutron 
experiments was to study the structure of gel 
samples prepared from weakly adsorbing neutrons 
materials like heavy water D2O, deuterium D2 or 
oxygen O2 and to clear the feasibility of the 
proposal to use massive gel samples cooled in He-

II down to a few mK for equilibrium cooling of 
cold or very cold neutrons drifting through the 
massive gel sample down to the level of ultracold 
neutrons (UCN)  with the energy En of a few mK 
(de Broigle wavelength for UCN is λ ≥ 100 nm) 
due to multiple quasielastic scattering of neutrons 
on any degrees of freedom of a net of weakly 
bounded nanoclusters (gel backbone) interacting 
effectively with  cold He-II  [2,3].  

    The measurements were performed at the 
neutron beam of ILL. The cylinder gel samples 
with the diameter of 2.8 cm and the sample height 
of ~ 4 cm were prepared in the quartz glass cell 
placed in the special optical cryostat with Al walls. 
At the beginning we measured propagation of cold 
neutrons through the D2O gel sample in He-II at 
T=1.66 K. The neutron velocity was varied by step 
from V= 35 to 160 m/s (the neutron energy En was 
increased from 0.05 to ~ 2 K, and  the neutron 
wavelength λ was lowered from  ~11 tо ~2.5 nm). 
It was observed that the angle dependence of the 
intensity of scattered neutrons was close to 
spherical, s-scattering, at small velocities V~35 
m/s, and with increasing velocity above V ≥100 
m/s the preferential scattering was directed to the 
forward semisphere.   

Investigations of the small angle elastic 
scattering were performed at the D22 SANS 
spectrometer. The neutron wavelength was λ ≈ 0.6 
nm (the proper values of energy En ~ 22 K and 
V~640 m/s). Typical dimensions of the clusters dc 
were estimated from position of the singularities 
on I(Q) curves describing the angle dependence of 
intensity of neutrons scattered at the angle Q. From 
our observations it follows that in freshly prepared 
at T=1.66K samples of heavy water   the cluster 
dimensions were placed in the range dc ≤15 nm, 
and in freshly prepared deuterium samples the 
cluster dimensions were wide distributed in the 
range  of   5 ≤ dc ≤ 150 nm. Increasing of the bath 
temperature to T=2.13K results in significant rise 
of the content of small particles with dc of a few 
nm in the gel samples. 

In test experiments at the IN10A quasielastic 
scattering spectrometer we tried to search for a 
weak inelastic neutron scattering. The 
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measurements were performed at T ≥ 1.66 K. The 
neutron energy was En ~ 22 K, as earlier. 
Unfortunately restricted instrumental resolution 
(very narrow range of energy shift 0.5μeV ≤ δEn 
≤12μeV) and geometry of the experiment (neutron 
detectors could be placed at the angle not less than 
8 deg) were far from optimal.  The main results of 
the experiments were as follows: a) - the angle 
dependence of the intensity of scattering was close 
to the I(Q) dependence observed at D22 
instrument, and b) - the energy shift δEn for those 
neutrons which had been recorded by the 8  deg. 
detector was very small,  less than 0.5μeV (0.05 
K). Whether the energy shift δEn due to inelastic 
scattering on thermal excitations in He-II or on any 
degrees of freedom of the cluster net was above 
12μeV (0.14 K) those part of neutrons could not be 
resolved by our detectors. So, to make any 
inference on relative role of a weak inelastic 
scattering of cold neutrons on  the gel samples we 
need for further measurements on a broadband 
time-of-flight spectrometer like the instruments 
used for study the  spectrum of excitations in 
superfluid He-II and in solid 4He in pores of 
aerogel [4] where both the phonon and roton 
branches were revealed. 

It is supposed that close examination of the 
accumulated experimental data, theoretical 
treatment of processes of formation of impurity 
nanoclusters in cold helium vapor and of a gel 
formation from them at the vapor–He-II interface, 
as well as detailed studies of any peculiarities of 
cold neutron interaction with the soft backbone of 
the gel samples could permit us to estimate the 
effective mean free path leff for the processes of 
thermalization of neutrons drifting through the 
massive gel sample in cold He-II. The energy 
adsorbed due to an inelastic neutron-backbone 
interaction could be dissipated by viscous 
oscillations of the cluster net in superfluid liquid. 
For example, from acoustic measurements it is 
known that velocity of the conventional sound, 
propagating through a gel, is equal to the velocity 
of sound in pure He-II, but the sound attenuation in 
gels is substantially more strong, so the backbone 
compressibility is higher than compressibility of 
liquid helium, and additional sound attenuation is 
connected with the energy dissipation due to 
frictional oscillations of the cluster backbone in 
superfluid He-II.  

We mentioned above that whether the value 
of leff for cold neutrons drifting through the 
massive D2 or D2O gel samples at temperatures of 
a few mK is sufficiently small  (less than 0.1 mm 
in a sample with linear dimensions L~10cm)  than  
such samples could be used in neutron moderators 
assigned for accumulation and storage of UCN.   

 In one of the best recent UCN sources 
ultracold neutrons are produced in a container 
filled with high pure He-II at T ≤ 1 K, by cold 
neutron – He-II scattering for an incident neutron 
wavelength of λ ≈ 0.9 nm, which agrees with the 
single-phonon emission theory [5]. Cold neutrons 
are introduced by pulse through the walls of the 
container. The energy and the momentum  of the 
incoming neutron are converted entirely into those 
of the phonon produced in He-II. In bulk of the 
container UCN are mirror reflected from the high 
polished metal walls, and due to this they could be 
saved for a long time (hundreds of seconds) before 
the decay. The linear dimensions (the length L) of 
the container are L~1 m. Whether the main reason 
for the observed frequently unpredictable losses of 
UCN in He-II source could be assigned to multiple 
inelastic scattering of neutrons at impurity 
nanoparticles covering the walls of container and 
weakly bounded with them, one could try to 
illuminate those losses and the same time to reduce 
the source dimensions by filling the container with 
impurity gel prepared from high pure D2 or D2O. 
In addition to well known process of 
thermalization of a beam of cold neutrons, 
propagating through the sample of solid D2 or D2O 
cooled below 1 K (the total content of the impurity 
molecules in the container could be more than 
1023), one should take into account the multiple 
increase, in L/leff times, of the time for propagation 
of neutrons drifting in bulk of the gel between two 
collisions with the walls of container, and, also, the 
effective cooling of producing in bulk 0.9-nm 
neutrons in He-II permitting numerous pores in the 
gel. 
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