52

Nanocluster impurity gels in superfluid He-II
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Nanocluster impurity gels in superfluid He-I11

We discuss here some results of our SANS studies of structure of the impurity-helium condensates,
gel samples, prepared by condensation of the gas mixture 4He + 2% of the impurity (D,, O,, vapors of D,0
or C,D,0D) on the surface of superfluid He-ll cooled below 1.8 K. The impurity nanoclusters covered by a
layer of solidified He form the backbone (a dispersive system) of the gel, and liquid helium in the nanopores
between the cluster aggregates serves as a dispersion medium.
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J1.N. Mexos-Aernux, B.®. Epumos, A.B. Jloxos, B.B. HecBuxesckuiz,
C. Obtoxepcr, I'.B. Konmakos
HaHoknacTepbl npuMecHbIx renei B cBepxrteky4yem He-lIl

B aaHHOM paboTe 06cyKaeHbl pe3yibTaTbl HALWMX UccieaoBaHuii MetogoM MHP (Manoyriosoro Heid-
TPOHHOIO pacceAHWs) NpUMechb-reNMeBbIX KOHAEHCATOB, 06pa3LoB res, MPUroTOBAEHHbIX KOHAEHCaLU-
eii rasosoii cmecu 4He + 2% npumecw (D, O,, napbl D,0 nnn C,D,0D) Ha N0OBEPXHOCTY CBEPXTEKY4ero
He-ll, oxnaxpaeHHoro ao temnepatypbl Huxe 1,8 K. HaHoknacTepbl npvMecu, NOKpbITbie coemM TBepAoro
He, o6pa3ytoT ocHOBY (AUcnepcHyto cucTeMmy) rens, a XXUAKUIA rennii B HaHOMOpax MeXAay KnacTepHbIMU
arperataMmyi CNyXWUT AWCMNEePCHON cpeaon. HYMcneHHas oueHKa xapakTepuctuyeckux pasmepos D,0 nan
C,D,0D knacTepos B 06pasLie rens aaet pesynbTat B AvanasoHe 10-15 Hm.

KnioueBble cnoBa: cBepxXTeKy4uit rennii, HEeMTPOHHOE paccesHue, HAHOKIacTep, KPMOKOHAeHcaT.
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AckpbiH akKbiw He-ll Kocnanbl renbaepain HaHoKnacTepnepi

Byn kymbicta AHLU (a3 O6ypbiwTbl HeWTPOHAbI lIalbIpay) oAiCiMeH jKacanfaH renuini
KoHZeHcaTTapablH, 4He + 2% ras KocnacbliHblH KOHAeHcaumacbiHbiH 1,8 K ToeMeH TemnepaTtypafa AeiiH
CybITbIIFAH acKpblH aKKbiw He-ll Getine apanactbipbinybiMer (D, O, D,0 Hemece C,D,OD 6ynapbi)
)KacanfaH renb yarinepid 3eptreynepimisgin HaTvKenepi TankbiiaHfaH. Katrbl He KabaTbiMeH abbinfFaH
HaHOKnacTepnep Kocnanapbl refbjiH HerisiH (ancnepcTi XyneHi) Kypanabl, an Knactepnik arperatrapibiH,
apacblHAafbl HAHOKYbICTapAafbl CYMbIK refivin gucnepcti opTa 6o/bin Tabbinaabl. Fenb yariciHae DZO He-
mece C2D50D cunatramansbik enwemaepiH caHablk 6aranay 10-15 HM apanbikTa HaTVKe Gepegi.

TyitiH ce3aep: acKblH aKKbILL Frefnii, HeMTPOHADI LWaLlblpay, HaHOKacTep, KPMOKOHAEHCaT.

We discuss here some results of our SANS
studies of structure of the impurity-helium
condensates, gel samples, prepared by condensation
of the gas mixture *He + 2% of the impurity (D,,
0,, vapors of D,O or C,D,OD) on the surface of
superfluid He-II cooled below 1.8 K. The impurity
nanoclusters covered by a layer of solidified He form

the backbone (a dispersive system) of the gel, and
liquid helium in the nanopores between the cluster
aggregates serves as a dispersion medium. From the
results of the SANS measurements we found that
the characteristic sizes of the D, or O clusters are
distributed in a wide range from 100 to 1 nm. The
numerical estimations for the characteristic sizes of
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D,0 or C,D.OD clusters in the gel sample give the
range of 10 — 15 nm.

The weakly connected impurity nanoclusters
in bulk of the sample in He-II cooled below a few
mK might be used for cooling of cold neutrons
below the ultra-cold temperature level. The reasons
for significant interplay between nanocluster
condensate with slow neutrons are, on one hand,
in an approximate equality of wavelength of the
last and characteristic size of inhomogeneities in
gels and, on another hand, relatively high cross-
section of neutrons scattering on a backbone of the
condensate. For example, we’ve observed strong
changes in angular distribution of neutrons scattered
on D20 sample of size 2.8 cm with variation in the
neutron energy: At low energies E < 0.5 K neutrons
show isotropic s-scattering, whereas the increase
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of neutron energy up to 5 K results in strongly
anisotropic scattering where ~ 90% of neutron beam
is scattered into the small angle of a few degrees.

A thick layer of a fine-grained ice powder,
which is formed during the gel disintegration, could
also be used as coverage of the inner walls of cold
neutron guides to decrease the neutron losses.

From the numerical estimations it follows that
the magnetic susceptibility of 100 nm-size oxygen
clusters at temperatures below 2 K is enough
high. In effect, and oxygen gel samples in He-
II could form a magnetic structure in an external
magnetic field H > 200 G, and this structure
might be close to a ferromagnetic structure. This
opens new opportunities for further studying of
the impurity gel samples with the use of spin
polarized neutrons.

Bectauk KasHY. Cepust pusndeckas. Ne3 (50). 2014



