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Upoesa — noxBacTaTbCs nepen aHrfIMMCKON KOpoJsieBou —
He N3MeHUNacb A0 CUX Nop:
B Poccun HeT MUKPO3ISNIEKTPOHHOWU NPOMBILLSIEHHOCTU —
HeKyaa NpUnoXuTb NoslyYeHHble 3HaHUS,
HeT YCTPOUCTB ASI1 MaHNNYNSAUMN C HAHOOO bEKTaMU



[ naBHbIN coBeT JleBLn:
HE YNCTUTb PYXbS MENOoM
— Nynu BbiNagaroT



2003 rop - HobOeneBckasa npemusa no hunsunke
Anekcena AnekceeBn4ya AGpukKocoBa,
Butanuga JlazapeBuya N'MH30ypra um
JHTOHM Jlerrerta — BUXpn AGpnKocoBa

2004 rop — «OTKpbITUE» supersolidity

2006 roa, uroHb— cTaTbs JlaTpona v gp.
BU3yanusaumsa KaHTOBaHHbIX BUXPEU



Quantized vortices in He Il

They appear only in superfluid phase assuring the
superfluidity existence (rotons). Any perturbation

causes the vortices, then they slowly decayed.

They either form closed loops (smoker) or they are
pinned to protuberances (tornado).

Any impurity has affinity to vortex core — few K per
atom.

They are practically one-dimensional features —

U = In(r/a) ,where a=074

whereas their length is up to few cm.



Nature 441, 588 (1 June 2006) | doi:10.1038/441588a
SUPERFLUID HELIUM: Visualization of quantized vortices

Gregory P. Bewley, Daniel P. Lathrop and Katepalli R. Sreenivasan

Quantized vortex cores in
liguid helium.

a, Just above the transition
temperature, when they are
uniformly dispersed,

b, ¢, on branching filaments at
tens of millikelvin below the
transition temperature; d,
regrouping along vertical lines
for steady rotation about the
vertical axis.

In b and c, the particles on lines
are evenly separated in small
regions. Scale bar, 1Imm.




The strong evidence for the
Interpretation Is the Feynman rule
validity :

The vortices should be directed along the cryostat
rotation axes and their density should be proportional

to angular velocity,

and that was really observed in experiment.



Bewley thesis: dotted lines

The hydrogen
micron—sized grains
IN a vortex core
seemed to repulse
each other
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Pinning of Quantized Vortices in Helium Drops
by Dopant Atoms and Molecules

Franco Dalfovo, Ricardo Mayol, Marti Pi, and Manuel Barranco

Density distribution in the xz plane for a
HCN-He.,, droplet hosting a vortex
along the z axis. Lengths are in A.
Contour lines are drawn between 12
equally spaced intervals of density,
where white is for density less than 7.5
* 103 A3,

and the darkest level corresponds to
density higher than 9 * 102 A=3.




The vortex has a potential but there Is no attractive
force to It — too steep slope

Two states —one in a
vortex core,

the rest is In the rest
volume of liquid

The pinning Impurity to a vortex proceeds only at thelr meeting
(sweeping)



Uto OyaeT, ecnv BBOANTb B CBEPXTEKYUNM
[EJINA HE KPYMWHKN, a8 MOJIEKY bl
BO4OpoAA.

Mbl 3Hanu, Kak 3To AenaThb.



OKCNEPUMEHT — AnoHug,
TOKMNCKNN TEXHOSIOFNYECKNN UHCTUTYT

E. B. Gordon , R. Nishida, R. Nomura, Y. Okuda. Nucbma B
KITD, 2007, Vol. 85, No. 11, pp. 581-584

Schlieren technique

Depth resolution 3 cm,
space resolution 20 p.

Helium-impurity jet through
0.3 mm orifice

Electromagnetic valve —
pulse duration 80 ms, P =6
bar

The fridge diameter 16 cm,
Interwindow distance 22 cm




Hydrogen-deuterium above A-point (T = 2.3K)




Hydrogen-deuterium below A-point (T = 1.8K)




The vortex “pinned to protuberances”
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Bogopoa-aoentepuneBasd BeEpPEBKA, CrfieTEHHAS
BbILLE A-TOYKN U3 NPOBOJIOYEK




MonekyngapHbI BOAOpPOoa 0bpasyeT

B HOPMaribHOM >XMAOKOM Fefnn «LLIapuKny,

a B CBEPXTEKYYEM - OASINHHbLIE HUTW, BEAYLLUNE CEDS
NoA0OHO BUXPSAM



New mechanism for impurities 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



ObpasoBaHne MeTanIMYECKNX HAHOMPOBOJIOK -
rasepHad abnguud sHyTpu Hell

30510170 1 Meab — Fribourg (LUBenuapus)

CTpyKkTypa
P. Moroshkin, V. Lebedev, B. Groberty, G. Neururer,
E.B. Gordon and A.Weis, EPL 90 34002 (2010)

Hukernb, HOUW, CBUHEL, U OJTI0BO —
- UepHorosnoBka (Poccus)

ONEKTPUYECKE CBOVICTBA 1 CTPYKTYpa

E.B Gordon, A.V. Karabulin, V.l. Matyushenko, V.D. Sizov
and L.I. Khodos, FNT, 36 Ne 7, p. 740 (2010)



YeanHeHHaqa 30510Tasi HaHOMPoBOJioka ¢ d = 2 nm, BblaeNeHHas
anadpparmoun, n ee audopakrorpamma,
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% G!q, JKcrnepumMeHTanbHas
" _ ycTtaHoBKa B UINXO

PAH



KonnyecTtBo matepumana ansa n3arotoBneHnsa HaHonpoBOJSIOK
CTOSb Maro, YTO MOXXHO MUCMOMb30BaTb MasfiIOMOLLHbLIN
BOJTHOBOHbIN Nasep

UTTepbueBbin
nasep

A=1.06 pn
E=10%J
T=25nNS
f=05-2kHz




ObbIYHO NagatoLme N3 mecta nx obpasoBaHus

HaHOMPOBOJ1IOKU MbITAOTCAH novmMmaTb Ha PELWETKY UJTN CETKY

[lpy aTOM He yaaeTrcd co3natb HageXXHbIV 3IIEKTPUYECKUNA
KOHTaKT C 3fiIEKTpoAdamMM



YTOoObI AOKa3aTh
CMOCOOHOCTb
HaHOMPOBOJIOK
NpPUUEennAaTLCH K OCTPUAM,
Mbl MCMOSIb30OBanwu
BepTUKaribHbIN psa
MeTansIM4YeCKMXx KOHTaKTOB

[Mpy 3TOM KOHTaAKTbI
OKasanucb
MeTanJn4YecCKMmMmm um
NMPOYHbLIMU




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



[Mpoueaypa co3gaHus obpasua

1. Knoknv renvn otkadneaeTcd 4o 6 Topp, T.e. 4o T = 1.6 K; T <
T,=2.17K.

2. BkritouaeTtca nasep.

3. JlazepHas abnguns npekpallaeTcs:

a) Nocne NosiBEHUs YTeYkn SaNeKkTpnyecTBa (Mpy N3yyeHnmn
MNOMIEBON SMUNCCUN SFIEKTPOHOB);

0) nocrie 3amMblkaHUs Lenn (NP USMEPEHMN CONPOTUBIIEHNS).

4. [locre otorpeBa ocagoKk C IPeAMETHOro CTekna
paccmartpuBaetcsa B OM n cobmpaetcd ang SM.

He Hago HUKakmx NpUroToBfEHNN (MOMELLEHNS obpasLia B
3a30p, 0becreyeHnss KOHTaKTa C afnekTpogamMmv 1 7.4.)



ObpaseL

[ly4oK HAHOMPOBOJSIOK CAHTUMETPOBOW OSTNHGI
( 3akoH Oma npu V= 0.2 B << ¢ — paboTbl BbIxo4a)
C TOYEYHLIMM KOHTaKTamMu

HeT KOHTakTa — nonesas ECTb KOHTaKT —
9MMNCCUA SNEKTPOHOB oMUnYecKoe 3amMbikaHune



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




Mutual repulsionin
the vortices is the

mechanism

controlling the size of

balls




OM: Sediment at remote area beneath of the
electrode arrray

Compare with the
length of common
nanowires being
about 1 micron




Fragment of Indium nanowire bundle (TEM)
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e Rather thick =8 nm
In diameter

e 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 Il
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




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 /cm 2;

We should remove more than 106 W /cm 2



Heating 10 u tungsten wire in Hell

|.F. Silvera et al Rev. Sci. Instrum. 80, 043901 (2009)

The wire temperature jump
from 1.5 Kto 1200 K took

place at electrical power
equivalent to 10 W/cm?

N

voltage (V)

“above a certain current a

!

Voltage (V)

0.00 0.05 0.10 0.15 020 .25 ()
vapor sheath formed around

the filament, insulating it from

10 micron diameter

W wire immersed =" =
= the liguid and it would glow at

in helium

temperatures up to a few

W 0 thousand kelvin”

Current (mA)



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

Simple model for estimating limiting radius of liquid ball and wire

o0 ‘ R <R™ =0.780a
a -one-layer thickness 2= Qb /(CTb +Qm)

R<RI™ =ca




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

ol R™.nm | pmx nm

In 7.66 |1.8 2.3

Ni 3.05 | 0.7 0.9

Sn 7.12 | 1.6 58 |

Pb 434 | 1.0 1.3

Cu 3.28 |0.78 1.0

Au 3.49 | 0.78 1.0

W 3.18 |0.74 0.95
H, 0.87 |- -

H,O 0.77 |- -

In accordance with experimental results the radius of nanowire for
casting metals is more than for refractory metals.

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



How large atomically smooth metallic balls
can be grown in Hell?

At slow ablation rates the partners were cold. At high
ablation intensities they have no time between
collisions to cool down. The restrictions for liquidized
spheres size becomes softer and then disappear.

 For metals, in contrast with hydrogen, rare gases,
water and most organics, the saturated vapor pressure
at melting temperature is negligible and the powerful
mechanism of cooling by evaporation Is absent.

« The upper limit is the spheres mutual repulsion In
guantized vortices. The spheres up to few um size
were grown.



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 droplet ek led 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

S0nm

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



Mexxay «npoTo3Be3gamuy BUOHI,
Kak d)OH, UICXOAHLIE KnacTepbl —
[OTOBbLIE KBAHTOBbLIE TOYKUN, KOTOPLIE
MO>XHO pPachbIifiuTb C perynmpyemon
NOBEPXHOCTHOW MJIOTHOCTHLIO Ha

Nod0oW NOASIOXKKE



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



Magic world of quasi 1D metals

« 103 times less
specific resistivity , p,
than in a bulk sample

* No temperature
dependence of p value

E.B Gordon, A.V. Karabulin, V.I. Matyushenko, V.D. Sizov , I.I. Khodos, FNT, 36
Ne 7, p. 740 (2010)



Magic world of quasi 1D metals

Lead

Superconductors:

g
~
3
£

The fall down of the
temperature for
superconductive - normal
transition from T, , = 7.19
Kto4.3K

E.B Gordon, A.V. Karabulin, V.I. Matyushenko, V.D. Sizov , I.I. Khodos, FNT, 36
Ne 7, p. 740 (2010)



Magic world of quasi 1D metals

Indium

Superconductors:

The growth of the
temperature for
superconductive - normal
transition from

Ty = 3.4 K to 4.45 K

E.B Gordon, A.V. Karabulin, V.I. Matyushenko, V.D. Sizov , I.I. Khodos, FNT, 36
Ne 7, p. 740 (2010)



Magic world of quasi 1D metals

TIN

Superconductors:

The growth of the
temperature for
superconductive - normal
transition from

Ty =3.7Kto 6K

E.B Gordon, A.V. Karabulin, V.I. Matyushenko, V.D. Sizov , I.l. Khodos, to be
published



Magic world of quasi 1D metals

2
| =1.5x10°° E¢exp[

10.4 6.44x107¢*?
# E

Lead

Field-induced electron
1, 1V ' emission:

* High efficiency — pA
Instead of common nA
* low voltage

Large (3 mm) length of
nanowire bundle -the
prototype of cold cathode

E.B Gordon, A.V. Karabulin, V.I. Matyushenko, V.D. Sizov , I.I. Khodos, FNT, 36
Ne 7, p. 740 (2010)



Promises

If the mechanism just proposed Is true, the
nanowires made of HTSC ceramics could be
grown for the first time.

The general pattern of Impurity condensation in
normal and superfluid helium could be revealed.

Heat conductivity in quasi 1-D wires may be
Investigated.

The polymer chains may be grown in Hell.
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