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New mechanism for impuritie_s condensation In
superfluid Helium

E. B. Gordon, Y. Okuda, JETP Letters, 85, 581 (2007), JLTP, 35, 209 (2009)
Any guest particles have affinity to the core of quantized vortex.

The particles captured there have enhanced rate of mutual collisions leading
to coagulation.

Resulting growth in its size increases the cluster lifetime in a vortex core and
consequently their local density.

Such self-accelerating catalytic process of condensation becomes to be
prevailing .

Due to the small (<1A) thickness of a vortex core the primary condensation
products should be extremely thin long filaments.

Quantized vortex willingness of pinning to any protuberance may cause the
filament growth just at needle electrodes
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JKcnepumMmeHTanbHas
yctaHoBKa B UINXP
PAH




KonnyecTtso matepuana anga n3arotoBneHnsa HaHonpoBOJSIOK
CTONb Mario, YTO MOXXHO UCNOSIb30BaTb MaroOMOLLHbIN
BOJTHOBO/HbIN Nasep

UTTepOueBbIN
nasep

A=1.06 n
E=104J
T=25ns
f=0.5-2kHz



Ob6bI4HO NagaroLwme N3 MecTta ux obpasoBaHus

HaHOMPOBOJIOKW MbITAKTCA novmMmaTb Ha PELUETKY UJTIN CETKY

[lpy aTOM He yAaeTcsd co3aath HaaeXHbIV SMneKTpnYecKui
KOHTaKT C 3JfIEKTpodamm



UTo0Obl JoKa3aTb
CNOCOOHOCTb HAHOMPOBOJIOK
APMLENMASTLECA K OCTPUSM,
Mbl MICHOMBE30Basnv
BepTMKanbHbIV paa
METaNINYECKNX KOHTaKTOB

[lpy 3TOM KOHTaKThI
OKasalnmncb MeTannnyeckumm
N NPOYHbLIMW




Experimental cell

Metallic targets, the craters
— |n laser focuses are seen

The pair of oppositely
magnetized sewing
needles are seen

Vertical row of gilded
contacts, interelectrode
distances are 3 mm each

—

Bottom, where fragments of
filaments where collected



OM: Sediment at remote area beneath of the
electrode arrray

Compare with the
length of common
nanowires being
about 1 micron

20 um
—




Fragment of Indium nanowire bundle (TEM)

 Rather thick — 8 nm
in diameter

* Being inspected
along individual wire
displays
monocrystalline
structure




Imposing the crystalline orientation in a knot
(interference fringes direction and spacing)




The wires were monocrystals already in He |I:
reproducibility of transition from superconductive to normal
state for bundle of tin nanowires (T, = 3.7K)

1 — passing A-point,
evaporating LHe,
heating in a gas

2 — cooling down
submerging into
LHe

3 — repeated heating
with LHe evaporation




OM: Sediment just beneath the target

A lot of large (2 um)
metallic balls united
to the beads —

possibly due to
mutual repulsion as
hydrogen large grains




The metallic balls are ideal spheres, their radius was
grown with increasing laser repetition rate




The edge of this sphere at high resolution

ball

Accidentally sticking to the ball microcrystal demonstrates the scaling,
interference fringes have 3A spacing

—the ball surfaces are atomically smooth



The unambiguous conclusion:
both wires and balls are formed through

molten state
In superfluid helium !

Hell “possesses thermal conductivity 200 times higher than
Copper”

But for very weak heat flow — less than 10 W lcmz;

We should remove more than 106 W lcm2



In adiabatic conditions small cold metallic clusters are
known to melt at merging

Simple model for estimating limiting radius of liquid ball and wire

“ ‘ R<R™ =0.78aa
a — one-layer thickness @ = Qb /(CTb T Qm)

R<R™ =ca




Limiting sizes for melting spheres, R, and wires ,R,,

38
i

In accordance with experimental results the radius of nanowire for
Casting metals is more than for

In hydrogen and water a <1 and melting is impossible.



HaHOI'IpOBOJ'IOKI/I 7 HaHOCCbepr NnoJy1y4daroTCAd npun yciiosmmn, ecCrin
NCXOOHbl€ KItlaCTepbl BCTPEYaTCA XOJT0OAHbIMA.

Ecnn NHTEHCUMBHOCTbL abnAaUnM BENNKA N OHU ycnesawT
BCTPETUTBLCA HE OCTbIB, OrpaHU4YEHNA Ha pa3Mep AJ1A niiaBlieHnNAd
CTaHOBATCA bonee MArkMmun, a 3aTemM ncyesaroT BoooLLe.

OpHako npouecc Koarynaumm «6onbLUnX» KnacTepoB UaeT Bce
PaBHO B BUXPSX N NIUMUTUPYIOLLUIA UX pa3mep (OKomno 1 MKm)
onpeaensieTcsa B3aMMHbIM OTTalKMBaHMEM LUAPOB B KBAHTOBAHHOM
BUXPE



This interpretation found its support in very interesting

observation
Sometime in TEM microscope Exploding ball outthrows the hundreds
(vacuum + T=300K) the ball of small spheres
exploded in a second after :
focusing electron beam on it.
The negligibility of e-beam carbon film

energy (AT,,= 0.2 K) was in a
favor of its triggering action




Glass liquid droplets ‘ 1 | "‘fx,q to the hardened

Further cooling leads to

Liquid hot drop Fast cooling causes _ _
size is higher solid shell formation, formatting solid core
then that of cold which squeezed the occupied the volume more
solid one liquid core then equilibrium one

The absence of dislocations and voids in micron-sized balls
converts tensile metals, like indium,

Into hard elastic material as glass or steel



200 keV - electrons in TEM easily produce the
microcracks inducing the decay

These small smooth monocrystalline spheres (quantum wells) are
supposed to be the product of merging in vacuum of much
smaller pieces



What was the size of primary dust particles formed in “tear” explosion ?

We were lucky to find the balls displayed threshold behavior, when
the dust was too large to become molten under sticking. The
dispersion of dust on size is rather narrow, because all of them are
similar



This protostar was definitely composed from crystals of 6 nm in
diameter , interference ringes are seen




Conclusion

Production of long thin metallic nanowires and strained
metallic atomically smooth spheres was demonstrated in
Hell, both of them displayed monocrystalline structure.

The lowering ablative laser intensity was proved to
improve quality of nanowires.

The growth of Hell SVP from 10 to 25 bar should
significantly diminish the yield of metallic balls
comparatively to nanowires.

Strong size effects inherent to electrical properties of
nanowires have been demonstrated.
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