[image: image1.png]


[image: image21.jpg]


B.Verkin Institute for Low Temperature Physics 
& Engineering   

of the National Academy of Science of Ukraine


[image: image22.jpg]



III INTERNATIONAL WORKSHOP

ON POINT-CONTACT SPECTROSCOPY

(PCS-2014)

WORKSHOP PROGRAM 
& ABSTRACTS
September 8 – 11, 2014

Kharkiv, Ukraine
ORGANIZER
B.Verkin Institute for Low Temperature Physics and Engineering 
of the National Academy of Sciences of Ukraine
International Program Committee
Naidyuk Yu. G., Kharkiv, Ukraine - Chairman
Gloos K., Turku, Finnland

Greene L., Urbana, USA

Goll G., Karlsruhe, Germany

Shekhter R. I., Goeteborg, Sweden

Shklyarevskii O. I., Kharkiv, Ukraine

Local Organizing Committee

Naidyuk Yurii – Chairman
Kamarchuk Gennadii – Vice Chairman
Kvitnitskaya Oksana – Secretary

Balkashin Oleg
Bobrov Nikolai
Fisun Vasilii
Gamayunova Nina
Golovko Svitlana
Gudimenko Vasilii
Khotkevich Аndrej
Korovkin Ivan
Savitsky Andrej
Shklyarevskii Oleg
Tiutrina Lidia

[image: image2.jpg]



WORKSHOP PROGRAM
September 8
9:00 –15:00 ARRIVAL AND REGISTRATION 

(ILTPE, Lenin av., 47, Kharkiv, Metro station “23 August”)
15:00 


Chairman - Yu. G. Naidyuk

ON THE 40th - ANNIVERSARY OF YANSON POINT-CONTACT SPECTROSCOPY,
Yu. G. Naidyuk

15:45
FRUSTRATION  PHENOMENA IN JOSEPHSON POINT CONTACTS BETWEEN SINGLE-BAND AND THREE-BAND SUPERCONDUCTORS,
Y.S. Yerin and A.N. Omelyanchouk
16:30 - 19:00 Posters and Welcome  Party

September 9

ANDREEV REFLECTION AND JOSEPHSON EFFECT (Chairman - Yu. G. Naidyuk)
10:00



MECHANISMS OF NORMAL REFLECTION AT METAL INTERFACES STUDIED BY ANDREEV-REFLECTION SPECTROSCOPY,
K. Gloos, E. Tuuli

10:45

ANDREEV-SPECTROSCOPY STUDY OF UNCONVENTIONAL SUPERCONDUCTIVITY IN MgB2:(La,Sr)MnO3 NANOCOMPOSITE,
V.N. Krivoruchko, A.I. D'yachenko, V.Yu. Tarenkov

11:30




 INVITED LECTURE
MAGNETIC PROPERTIES OF FeSe(Te) SUPERCONDUCTORS: PRESSURE EFFECTS,
G.E.Grechnev 

12:15 - 14:00 DINNER
SPIN DEPENDENT PHENOMENA IN PCs (Chairman - G.E.Grechnev )
14:00

NANOMECHANICS  OF A  MAGNETIC  SHUTTLE  DEVICE,
S. I. Kulinich, L. Y. Gorelik,  A. V. Parafilo, R. I. Shekhter, Y. W. Park and M. Jonson, 
14:30

FERROMAGNETIC RESONANCE  IN COPPER-PERMALLOY POINT  CONTACTS, 

O.P. Balkashin, V.V. Fisun, I.A. Korovkin, and V. Korenivski  

PCS OF HIGH-TC AND IRON-BASED SUPERCONDUCTORS (Chairman - G.E.Grechnev )
15:00

PECULIAR DOS IN HIGH-TC SUPERCONDUCTORS MEASURED BY PCS,
A.L. Solovjov and V. M. Dmitriev

15:30

SINGLE 20 meV BOSON MODE IN KFe2As2 DETECTED BY POINT-CONTACT SPECTROSCOPY,
Yu.G. Naidyuk, O.E. Kvitnitskaya, N.V. Gamayunova, L. Boeri, S. Aswartham, S. Wurmehl,
 B. Büchner, D.V. Efremov, G. Fuchs, S.-L. Drechsler
16:00

JOSEPHSON EFFECT AND ANDREEV REFLECTION IN Ba1-xNaxFe2As2 (x=0.25 AND 0.35) POINT CONTACTS,
V. V. Fisun, O. P. Balkashin, O. E. Kvitnitskaya, I. A. Korovkin, N.V. Gamayunova, S. Aswartham, S. Wurmehl, and Yu. G. Naidyuk
16:30 - 18:00 Coffe & Posters

September 10

PC AND TUNNELING SPECTROSCOPY (Chairman - G.V. Kamarchuk)
10:00

DISTANCE TUNNELING SPECTROSCOPY: DETECTING OF PHYSICALLY ADSORBED MOLECULES, 
O.I. Shklyarevskii

10:30

RECONSTRUCTION OF 2D FERMI CONTOUR FROM THE STM  IMAGE AROUND  POINT DEFECT ON A SURFACE,
N.V. Khotkevych-Sanina, Yu.A. Kolesnichenko,  J.M. van Ruitenbeek
OTHER TOPICS

11:00
FLUCTUATIONS OF HEAT DISSIPATED BY PHASE-COHERENT CONDUCTORS,
M.V. Moskalets

12:00 - 14:00 DINNER
APPLICAIONS OF PCs  (Chairman - O.I. Shklyarevskii)
14:00

NONLINEAR CYCLIC TRANSPORT PHENOMENA IN POINT CONTACTS,
G.V. Kamarchuk, А.P. Pospelov, A.V. Savitsky, V .V.Fisun, L.V. Koval’ 

14:30

POINT-CONTACT GAS-SENSITIVE EFFECT: FUNDAMENTALS AND MEDICAL APPLICATIONS FOR BREATH ANALYSIS,

G.V. Kamarchuk, А.P. Pospelov, V.A. Gudimenko, S.A. Golovko, L.V. Kamarchuk, and I.G. Kushch
15:00

 ELECTRON TRANSPORT IN SINGLE PROTEINS: FROM TUNNELING TO POINT CONTACTS,
A.V. Moskalenko, A. Zaki, M.Elliott, J.E. Macdonalds, S.C. Reddington, A.R. McGarrity, 
A.M. Hartley, D.J. Jones

15:30 - 18:00    Coffe & Posters

18:00 - 21:00 CONFERENCE  DINNER (on agreement)
September 11

10:00-13:00 

POST DEADLINE AND EMERGENT CONTRIBUTIONS, 

INSTITUTE/CITY EXCURSIONS (on agreement)
POSTERS
EXPLORING OF POINT-CONTACT SPECTRA OF KFe2As2 IN THE NORMAL STATE 

Yu.G. Naidyuk, O.E. Kvitnitskaya, N.V. Gamayunova, L. Boeri, S. Aswartham, S. Wurmehl,
 B. Büchner, D.V. Efremov, G. Fuchs, S.-L. Drechsler

SPIN-VALVE EFFECTS IN POINT CONTACTS TO EXCHANGE BIASED Сo40Fe40B20 FILMS,
O. P. Balkashin, V. V. Fisun, L. Yu. Triputen, S. Andersson, V. Korenivski, Yu. G. Naidyuk
The Hysteresis of magnetoresistance in heterocontacts with Fe-based superconductorS

Yu.N. Chiang, M.O. Dziuba, D.A. Chareev
SPIN POLARIZATION  OF FeNi ALLOY  IN  FeNi-Cu  MULTILAYER  FOILS 

A.I. Ustinov, O.M. Rudenko, A.A. Krakovny, V.M. Uvarov, D. S. Dubyna
TUNNELING SPECTROSCOPY OF AMORPHOUS METAL ALLOYS Fe77Si8B15
V.L. Karbivskyy, S.S. Smolyak

TUNNELING SPECTROSCOPY AND MICROSCOPY OF Cu, Ag AND Au MONOLAYERS

V.L. Karbivskyy, L.I. Karbovskaya

Unusual behavior of the temperature and magnetic-field dependen-cIes of the superconducting critical parameters in  Dy0.6Y0.4Rh3.85Ru0.15B4
A.V. Terekhov, I.V. Zolochevskii, E.V. Khristenko, L.A. Ishchenko, A.J. Zaleski, E.P. Khlybov, and S.A. Lachenkov                                                                                                                                                                                                                                                                                                                                                                                                                                   
NEW METHOD FOR SENSOR ANALYSIS OF GAS MEDIA BASED ON YANSON POINT-CONTACT SPECTROSCOPY.
S.A. Golovko, V.A. Gudimenko, А.P. Pospelov, A.V. Kravchenko, G.V. Kamarchuk 
ELECTRONIC STRUCTURE AND ELECTRON-PHONON INTERACTION IN LAYERED SUPERCONDUCTING BORIDES: RRh4B4 AND RNi2B2C. 

A.V. Logosha, G.E. Grechnev

Published online in Fiz. Nizk. Temp (Iss.10, 2014) contribution 
TUNNELING SPECTRA OF BREAK JUNCTIONS INVOLVING Nb3Sn, 

Toshikazu Ekino, Akira Sugimoto, Yuta Sakai, Alexander M. Gabovich, Jun Akimitsu


ABSTRACTS 
FRUSTRATION PHENOMENA IN JOSEPHSON POINT CONTACTS BETWEEN SINGLE-BAND AND THREE-BAND SUPERCONDUCTORS

Y.S. Yerin, A.N. Omelyanchouk
B.Verkin Institute for Low Temperature Physics and Engineering 

of the National Academy of Sciences of Ukraine

47 Lenin Ave., 61103 Kharkov, Ukraine

e-mail:erin@ilt.kharkov.ua

Within the formalism of Usadel equations the Josephson effect in dirty point contacts between single-band and three-band superconductors is investigated. The general expression for the Josephson current, which is valid for arbitrary temperatures, is obtained. We calculate current-phase relations for very low temperature and in the vicinity of the critical temperature. For three-band superconductors with broken time-reversal symmetry (BTRS) [1-10] point contacts undergo frustration phenomena with different current-phase relations, corresponding to 
[image: image3.wmf]j

-contacts [11].

For three-band superconductors without BTRS we have close to sinusoidal current-phase relations and absence of the frustration, excepting the case of very low temperature, where under certain conditions two ground states of the point contact are realized. Our results can be used as the potential probe for the detection of the possible BTRS state in three-band superconducting systems.

[1] D. F. Agerberg, V. Barzykin, and L. P. Gor’kov, Phys. Rev. B 60, 14868 (1999).

[2] V. Stanev and Z. Tesanovic, Phys. Rev. B 81, 134522 (2010).

[3] Y. Tanaka and T. Yanagisawa, J. Phys. Soc. Japan 79, 114706 (2010).

[4] J. Carlstrom, J. Garaud, and E. Babaev, Phys. Rev. B 84, 134518 (2011).

[5] R. G. Dias and A. M. Marques, Supercond. Sci. Technol. 24, 085009 (2011).

[6] T. Yanagisawa, Y. Takana, I. Hase, and K. Yamaji, J. Phys. Soc. Jpn. 81, 024712 (2012).

[7] 16 X. Hu and Z. Wang Phys. Rev. B 85, 064516 (2012).

[8] S. Z. Lin and X. Hu, Phys. Rev. Lett. 108, 177005 (2012).

[9] T. Bojesen, E. Babaev, A. Sudbø, Phys. Rev. B 88, 220511(R) (2013)14

[10] S. Maiti and A. V. Chubukov, Phys. Rev. B 87, 144511 (2013).

[11] A. Buzdin and A. E. Koshelev, Phys. Rev. B 67, 220504(R) (2003).

MECHANISMS OF NORMAL REFLECTION AT METAL INTERFACES STUDIED BY ANDREEV-REFLECTION SPECTROSCOPY

K. Gloos, E. Tuuli

Department of Physics and Astronomy, University of Turku, 20014 Turku, Finland 

e-mail: kgloos@utu.fi

Andreev-reflection spectroscopy of elemental superconductors in contact with non-magnetic normal metals reveals only little variation of the normal-reflection strength [1,2]. This observation imposes strong constrictions on the three possible normal-reflection mechanisms: tunneling through a dielectric barrier, diffusive transport caused by elastic scattering in the contact region, and reflection due to the different electronic properties of the two electrodes. We discuss in detail the role played by the latter Fermi-surface mismatch [3], represented by the different Fermi velocities on both sides of the contact interface. We find that it is at least not the dominant mechanism and possibly completely absent in the Andreev-reflection process.

[1] Yu. G. Naidyuk and I. K. Yanson, Point-Contact Spectroscopy, Springer (2005), p 203.

[2] K. Gloos and E. Tuuli, Low Temp. Phys. 39, 252 (2013) [Fiz. Nizk. Temp. Phys. 39, 326 (2013)].

[3] G. E. Blonder and M. Tinkham, Phys. Rev. B 27, 112 (1983).

ANDREEV-SPECTROSCOPY STUDY OF UNCONVENTIONAL SUPERCONDUCTIVITY IN MgB2:(La,Sr)MnO3 NANOCOMPOSITE
V.N. Krivoruchko, A.I. D'yachenko, V.Yu. Tarenkov

Donetsk Institute for Physics and Engineering, National Academy of Sciences of Ukraine,

R. Luxemburg Street, 72, 83114 Donetsk, Ukraine

e-mail: kivoruc@gmail.com

Unconventional superconductivity in binary networks composed of superconducting (MgB2) and half-metallic ferromagnetic (La0.65Sr0.35MnO3) nanoparticles was revealed recently [1]. Some principal effects have been found. For MgB:LSMO (MgB2:La0.65Sr0.35MnO3) nanocomposites with 3:1 and 4:1 weight ratio of components, with an onset of the MgB2 superconductivity, a spectacular drop of the sample resistance has been detected and superconductivity has been observed at temperature up to 30K. In was found that the basic nanocomposites' characteristics are strongly affected by the half-metallic LSMO and cannot be quantitatively explained within the framework of a conventional percolation scenario. Using the point contact Andreev reflection (PCAR) spectroscopy, three distinct quasiparticle energy gaps Δ1(π), Δ2(σ), and Δtr are clearly revealed. Two of these gaps were identified as enhanced gaps in the quasiparticle spectrum of the MgB2 in the composite. The third gap Δtr was about three times larger than the largest MgB2 gap and its magnitude is the same as those earlier detected in PCs of (La,Sr)MnO3 [2] and (La,Ca)MnO3 [3] with Pb or MgB2. 

In this report, the symmetry of the MgB:LSMO nanocomposite superconducting order parameter and plausible pairing mechanisms have been studied by the PCAR spectroscopy. We consider a model of a ferromagnetic superconductor described by a uniformly coexisting itinerant ferromagnetism and a mixed-parity superconducting state (a multi-band model comprising of a spin-singlet s-wave and spin-triplet p-wave states). The so-called Balian-Werthamer state [4], with quasiparticle gap topology of the same form as that of the ordinary s-wave state, fits the experimental data reasonably well. Utilizing the extended Eliashberg formalism we calculate the contribution of MgB2 in the total composite’s conductivity and estimate the magnitude of the electron-phonon effects originated from MgB2 in I-V characteristics of the composite at above-gap energies. It was found that distinctive features observed in the PC spectra of the MgB:LSMO samples and conventionally attributed to the electron-phonons interaction cannot be related to the MgB2 phonons. It is argued that the detected singularities may be a manifestation of the electron-spectrum renormalizations due to a strong magnetoelastic (magnon-phonon) interaction in LSMO. 

We believe the results obtained can provide guidance for a new generation of searches for unconventional superconductivity in engineered composite materials. Apart from interest in terms of fundamental physics, such systems as MgB2:La0.65Sr0.35MnO3 nanostructures can be suitable in, for example, superconducting spintronics, as materials with spin-polarized supercurrent. 

[1] V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B 86, 104502 (2012).

[3] V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B 78, 054522 (2008).

[3] V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B 75, 214508 (2007).

[4] R. Balian and N.R. Werthamer, Phys. Rev. 131, 1553 (1963). 

MAGNETIC PROPERTIES OF FeSe(Te) SUPERCONDUCTORS: PRESSURE EFFECTS

G.E. Grechnev

B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave.,61103 Kharkiv, Ukraine

e-mail: grechnev@ilt.kharkov.ua

For the most families of recently discovered Fe-based superconductors the emergence of superconductivity with doping or under pressure is accompanied by suppression of the magnetic ordering. It is also believed that spin fluctuations play an important role in formation of the Cooper pairs. So the close interplay of magnetism and superconductivity determines the importance of further studying of magnetic and superconducting properties and their evolution under variations of composition, pressure, etc. for understanding superconducting mechanism in the new class of iron compounds. One of representatives of this class is the system of FeSe1-xTex chalcogenides, which possesses the simplest crystal structure among iron-based superconductors, that favors to studying the effects of chemical substitution and high pressures on its properties. Here we present the results of the experimental study of magnetic properties of FeSe1-xTex superconductors [image: image4.wmf])
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, which were supplemented by appropriate ab initio DFT calculations of the electronic structure and magnetic characteristics of the system.

Magnetic susceptibility[image: image5.wmf]c

of FeSe1-xTex superconductors was studied in the normal state at  temperatures up to 300 K and appeared to increase gradually with Te content by about ten times. The calculated values of [image: image6.wmf]c

 for FeSe, FeTe and FeSe0.5Te0.5 compounds support basically the itinerant nature of their magnetism closely related to magnetic instability. For parent compounds Fe1+yTe in AFM state below T ≈ 70 K,  the measured value of magnetic anisotropy [image: image7.wmf]^
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 was found to be the same in magnitude but different in sign depending on the small variations of the excess iron y in Fe1+yTe samples. Our ab initio calculations of electronic structure and magnetic susceptibilities of AFM FeTe have revealed a possibility of frustrated AFM orderings of Fe moments along [100] and [001] axes, which would explain the observed peculiarity.

          Magnetic susceptibility of parent compounds FeSe and FeTe was also studied in the normal state under pressures, and at T = 78 K a large positive pressure effect was observed for both compounds. The calculated strong dependence of [image: image8.wmf]c

on the structural parameters – volume V and especially the height Z of chalcogen species from the Fe plane – allowed to explain the puzzling pressure effects on [image: image9.wmf]c

 in terms of the V(P) and Z(P) dependences, the latter determines the dominating positive contribution. 

The influence of pressures on the superconducting transition temperature Tc was studied for FeSe1-xTex system. For the first time, we observed a change in sign of the pressure effect on Tc when going to tellurium rich FeSe(Te) alloys. Comparison of the observed results with our experimental and calculated data on pressure dependence of[image: image10.wmf]c

for FeSe(Te) systems in the normal state demonstrates a competing interplay between superconductivity and magnetism in tellurium rich  FeSe1-xTex compounds.

NANOMECHANICS OF A MAGNETIC SHUTTLE DEVICE

R.I.Shekhter1, S.I. Kulinich2, L.Y. Gorelik3, A.V.Parafilo2, Y. W. Park4, M. Jonson1,5
1 Department of Physics, University of Gothenburg, SE-412 96 Göteborg, Sweden
2 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave.,61103 Kharkiv, Ukraine

3Department of Applied Physics, Chalmers University of Technology,

SE-412 96 Göteborg, Sweden

4Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea

5SUPA, Institute of Photonics and Quantum Sciences, Heriot-Watt University,

Edinburgh EH14 4AS, Scotland, UK

e-mail: robert.shekhter@physics.gu.se

Quantum coherence and Coulomb correlations play an important role in many nano-electromechanical devices whose functionality depends on interesting mesoscopic phenomena [1]. One example is the ``shuttling" of electrons through a nanoelectromechanical single-electron transistor (NEM-SET) [2] in the Coulomb blockade regime. Here the charge of tunneling electrons couples to the electric field between source and drain electrodes in such away that electrical energy is pumped into mechanical vibrations of a central metal island ("quantum dot"), which facilitates electron transport.

Today we are witnessing an interesting development towards spintronics, i.e. electronics based on the interplay between magnetism and the quantum dynamics of the spin of electrons [3]. In the context of nanoelectromechanics an interesting question is therefore to what extent the spin of the electron, with its typically long coherence times, can replace the charge as a vehicle for electro-mechanical energy transduction in, e.g., the NEM-SET shuttle device referred to above. We show that the spin can indeed play this role.

Our model ``spintro-mechanical" shuttle device comprises two ferromagnetic leads (for now assumed to be 100% spin polarized ``half metals") with antiparallel magnetization and a quantum dot with a single spin-degenerate electronic level. The exchange interaction between the magnetic leads and an electron spin on the dot generates a mechanical force that acts on the movable dot. This force is governed by the controllable dynamics of the spin on the dot and to has the potential to lead to a qualitative modification of the current-induced nanomechanics of the device. Spin accumulation on the dot can be controlled in two ways: (i) by injecting spin-polarized electrons from the source electrode, and (ii) by flipping the spin on the dot in external magnetic field H. A combination of these two mechanisms can lead to a spintro-mechanical instability with respect to the onset of mechanical vibrations of the dot.

We have shown that a nanoelectromechanical device based on magnetic exchange forces and electron spin-flips, can operate as a single-electron shuttle. We have demonstrated that a shuttle regime of electron transport is realized at low magnetic fields. Under these conditions the corresponding electrically driven shuttle is still in a vibronic phase (small fluctuations around its equilibrium position). The high sensitivity of the suggested nanoelectromechanical device to a weak external magnetic field, makes the ``magnetic shuttle" a promising tool for studying quantum operations in the context of spintronics.
[1] J.E. Hughes, M. Di Ventra, S. Evoy. Introduction to Nanoscale Science and Technology (Nanostructure Science and Technology). Berlin: Springer, (2004).

[2] L. Y. Gorelik, A. Isacsson, M. V. Voinova, B. Kasemo, R. I. Shekhter, and M. Jonson, Phys. Rev. Let. 80, 4526 (1998)

[3] S. I. Kulinich, L. Y. Gorelik, A. N. Kalinenko, I. V. Krive, R. I. Shekhter, Y. W. Park, and M. Jonson, Phys. Rev. Let. 112, 117206 (2014)

FERROMAGNETIC RESONANCE IN COPPER-PERMALLOY POINT CONTACTS 

O.P. Balkashin1, V.V. Fisun1, I.A. Korovkin1, and V. Korenivski2  

1 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave.,61103 Kharkiv, Ukraine

2Nanostructure Physics, Royal Institute of Technology, 10691 Stockholm, Sweden 

e-mail:balkashin@ilt.kharkov.ua

The systematic studies of the response signal of Copper - Permalloy (Cu - Ni80Fe20) point contacts to microwave irradiation (f ~ 8 - 12 GHz) are performed at temperature 4.2K. The influence of the external magnetic field strength, the transport current flowing through the contact, the intensity and frequency of the RF exposure on the measured signal are studied. The contributions to the contacts resistance from the effects of a giant and anisotropic magnetoresistance are analyzed. Two methods were used to transfer the RF radiation to the point contacts: the waveguide and coaxial line.

 It was established experimentally that the f (H) dependence of resonance features is in good agreement with the Kittel formula calculation for FMR in the film in parallel H - field. Resonance signal was observed on the background of an additional contribution due to the rectification of HF current on nonlinear contact IV-curve. Two mechanisms of the appearance of the resonant response: synchronous self-detection by means of mixing of RF current with temporal variations of resistance and bolometric response associated with a steady-state contact resistance change at the magnetization precession excitation are revealed. The resonance signal is added to the background nonresonant signal or subtracted from depending on the structure of the nanocontact. If the surface spin valve [1-3] is realized in point contact, then the FM resonance magnetization precession causes an increase in the average steady-state resistance values ​​due to the effect of giant magnetoresistance and the resonance signal is added to the background. In the absence of a spin valve structure in contact ferromagnetic resonance characteristics are due to the anisotropic magnetoresistance, which reduces resistance upon excitation precession, and a resonance signal in this case, is subtracted from the background level.

It has been established that the amplitude of the resonance signal is linearly proportional to the transport current through the contact and the intensity of the microwave irradiation. 

[1] I. K. Yanson, Yu. G. Naidyuk, V. V. Fisun, A. Konovalenko, O. P. Balkashin,  L. Yu. Triputen,        and V. Korenivski, Nano Letters, 7, 927 (2007). 

[2] O.P. Balkashin, V.V. Fisun, I.K. Yanson, L.Yu. Triputen, A. Konovalenko, and V. Korenivski, Phys. Rev. B, 79, 092419 (2009). 
[3] I.K. Yanson, O.P. Balkashin, V.V. Fisun, Yu.I. Yanson, and Yu.G. Naidyuk, Fiz. Nizkh. Temp., 39, 360 (2013) [Low Temp. Phys., 39, 279 (2013)].  
PECULIAR DOS IN HIGH-Tc SUPERCONDUCTORS MEASURED BY

 POINT-CONTACT SPECTROSCOPY

A. L. Solovjov1,2,  V. M. Dmitriev1,2
1 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave.,61103 Kharkiv, Ukraine

2International Laboratory of High Magnetic Fields and Low Temperatures of PAN, 

95 Gajowicka Str., 53-421 Wroclaw, Poland

e-mail: Solovjov@ilt.kharkov.ua

      After many years of the intensive study the superconducting (SC) pairing mechanism in high-temperature superconductors (HTS’s) still remains uncertain. From the very beginning the main question was: Is it of the BCS type or not? To proceed to the answer measurements of point contacts with different HTS’s polycrystals were performed. Found point-contact spectra allowed us to shed more light on the problem [1-3]. 

      At first measurements of the differential resistivity dV/dI for point contacts (PC) between Nb needle and YBCO polycrystal have been carried out from 4.2 K up to T≥Tc =72 K [1,3]. We think we were lucky to get contact between Nb and the small single crystal likely found by the needle on the polycrystal surface. As a result, pronounced dV/dI minima, corresponding to dI/dV maxima, were observed. Using these maxima the ratio 2Δ(0)/kBTc = (5 ― 5.5), being noticeably larger than the BCS one, was evaluated for the first time. At present 2Δ(0)/kBTc = (5 ± 0.2) is adopted for YBCO [4]. 

     Another peculiarity is a set of periodical dV/dI peaks at T=4.2 K and Vph = 23, 30, 33, 43, 49 and 55 mV (Vph>Δ(4.2)/e~18 mV) which disappear at T> 45 K. It is assumed that Vph corresponds to characteristic phonon frequencies in YBCO [5] suggesting enhanced electron-phonon interaction in HTS’s. The next peculiarity is observation of the second gap minima Δ2 ≈ 50 mV at 45 K, which appearance is still not clear. However, both Δ(T) and Δ2(T) follow BCS theory but only up to  T/Tc ~ 0.8 above which the gap features are smeared out. For Nb-BiSCCO this washout starts at T/Tc ~0.7 [1]. Thus, it was impossible to say whether Δ(T) drops to zero at T=Tc or not. Up-to-date results show that in cuprates Δ(T) really does not go to zero at Tc but gradually evolves into pseudogap (PG) [6]. In our case the PG feature is the nonlinear dV/dI above Tc, which becomes linear only above the PG temperature T* ~ 200 K [3].

     Eventually the features of the Nb-YBCO PC under the microwave irradiation (f = 10 GHz) were studied in wide temperature range (4.2―270) K [2,3]. Under the irradiation (Pmax ≈ 4 mW) nonlinear current-voltage characteristic (IVC) moved left and finally became linear giving rise to the very pronounced decrease of the contact voltage VP. As expected, the VP value noticeably decreases at T≥Tc but not to zero. Surprisingly both VP and IVC nonlinearity last up to ~ 250 K. Observed peculiarities turned out to be in a good agreement with the Fermi-arc rearrangement found in recent ARPES experiments [7].        

[1] V.M. Dmitriev, A.L. Solovjov, Low Temp. Phys.  16, 650 (1990) [Fiz. Nizk. Temp. 16, 650 (1990)].

[2] V.M. Dmitriev,  A.L. Solovjov, A.I. Dmitrenko, L.A. Ischenko, Low Temp. Phys. 15, 1223 (1989) [Fiz. Nizk. Temp. 15, 1223 (1989)].

[3] A.L. Solovjov, V.M. Dmitriev, Low Temp. Phys.  35, 168 (2009) [Fiz. Nizk. Temp. 35, 227 (2009)].

[4] K.W. Wong and W.Y. Ching, Physica C, 416, 47 (2004).

[5] I.K. Yanson, L.F. Rybalchenko, V.V. Fisun et al.,  Low Temp. Phys.  14, 886 (1988) [Fiz. Nizk. Temp. 14, 886 (1988)].

[6] Y. Yamada, K. Anagawa, T. Shibauchi et al., Phys.Rev. B 68, 054533 (2003).
[7]  Takeshi Kondo, A. D. Palczewski, Y. Hamay et al., arXiv:1208.3448v1 (2012).
JOSEPHSON EFFECT AND ANDREEV REFLECTION IN 
Ba1–xNaxFe2As2 (x = 0.25 AND 0.35) POINT CONTACTS
V.V. Fisun1, O.P. Balkashin1, O.E. Kvitnitskaya1, I.A. Korovkin1, N.V. Gamayunova1, S. Aswartham2, S. Wurmehl2, and Yu.G. Naidyuk1
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I(V) characteristics and their first derivatives of ScS and ScN-type (S is superconductor, c is constriction, N is normal metal) point-contacts (PCs) based on Ba1–xNaxFe2As2 (x = 0.25 and 0.35) were studied. ScS-type PCs with S = Nb,Ta, and Pb show Josephson-like resistively shunted I(V) curves with microwave induced Shapiro steps which satisfy relation 2eV = ħω. The IcRN product (Ic is critical current, RN is normal state PC resistance) in these PCs is found to be up to 1.2 mV. All this data with the observed dependence of the Ic on the microwave power of ScS PCs with Pb counter electrode indicates the realization of the singlet s-wave type pairing in Ba1–xNaxFe2As2. From the dV/dI(V) curves of ScN-type PCs demonstrating Andreev-reflection like features, the superconducting gap ratio 2Δ/kBTc =3.7(0.9 for the compound with x = 0.35 was evaluated. Analysis of these dV/dI(V) at high biases V, that is well above Δ, testifies transition to the thermal regime in PCs with a voltage increase.
[image: image11.wmf]
Figure. I(V) curves and its first derivative of con-tact Ba1–xNaxFe2As2–Pb at increasing of microwave power from zero (top curve) to the maximal (bottom curve). For the dotted (red) I(V) curve its first derivative is shown for negative bias. T = = 4.2 K, f = 9.57 GHz.
SINGLE 20 meV BOSON MODE IN KFe2As2 DETECTED BY POINT-CONTACT SPECTROSCOPY,
Yu.G. Naidyuk1, O.E. Kvitnitskaya1, N.V. Gamayunova1, L. Boeri2, S. Aswartham3, 
S. Wurmehl3, B. Büchner3, D.V. Efremov3, G. Fuchs3, S.-L. Drechsler3
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We report an experimental and theoretical investigation of the electron-boson interaction in

KFe2As2 by point-contact (PC) spectroscopy, model, and ab-initio LDA-based calculations for the

standard electron-phonon Eliashberg function [1]. The PC spectrum viz. the second derivative of the I - V characteristic of representative PC exhibits a pronounced maximum at about 20meV and surprisingly a featureless behavior at lower and higher energies (see Figure). We discuss phonon and non-phonon (excitonic) mechanisms for the origin of this peak.  First of all, ab-initio calculations of the electron-phonon interaction function were performed. They point out to the nonphonon origin of the 20meV feature. Also an alternative excitonic scenario is proposed. As a result, our work provides the first evidence for an additional bosonic excitation in KFe2As2, beyond the ones usually discussed in literature - phonons, spin and orbital fluctuations. To the best of our knowledge, this is the first time that this type of excitonic charge excitation (indirect longitudinal excitons) is reported for a metallic system. In typical metals the difficulty to observe excitons is usually ascribed to the large dielectric screening provided by the fast conduction electrons. However, in the present somewhat ”anomalous” case, where heavy charge carriers are present with large mass renormalizations, this detrimental screening might be significantly suppressed.
[image: image12.emf]
Figure. PC spectra measured for 6 selected KFe2As2–Cu PCs with different resistance. The thick curve is the average of six presented spectra. The inset shows the PC resistance for each curve in the main panel and the change of the differential resistance by a voltage increase.

[1] Yu.G. Naidyuk, O.E. Kvitnitskaya, N.V. Gamayunova, L. Boeri, S. Aswartham, S. Wurmehl, B. Büchner, D.V. Efremov, G. Fuchs, S.-L. Drechsler, arXiv:1408.1509 (to be published in PRB).
DISTANCE TUNNELING SPECTROSCOPY: DETECTING PHYSICALLY ADSORBED MOLECULES
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The physisorption of the hydrogen molecules on the surface of gold and other coinage metals was studied using Distance Tunneling Spectroscopy. Strong N - shaped deviation of the tunnel current (resistance) vs distance dependencies from the exponential one cannot be explained in the framework of the Tersoff-Hamann approximation by either variation of the local density of states [1] or reduction of the metal work function [2]. The most probable reason for the observed effect is the scattering of the tunneling electrons by H2 molecules [3]. Computer simulations using parsimonious model demonstrate fairly good agreement with the experimental data. We found that this phenomenon is also common for strongly adsorbed organic molecules with one anchoring group.

[1] R. J. P. Keijsers, J. Voets, O. I. Shklyarevskii and H. van Kempen, Phys. Rev. Lett. 76, 1138 (1996).

[2] M. Hugelmann and W. Schindler, Surf. Sci. 541, L643 (2003).

[3] M. van der Maas, S. Vasnyov, B. L. M. Hendriksen, O. I. Shklyarevskii and  S. Speller,

Fiz. Nizk. Temp, 38, 517 (2012). 

RECONSTRUCTION OF 2D FERMI CONTOUR FROM THE STM IMAGE AROUND POINT DEFECT ON A SURFACE
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     The images, which can be obtained by the scanning tunneling microscope (STM), commonly display standing waves, which formation is associated with an electron scattering by surface inhomogeneities (single defects, nanoislands, steps, etc.). It affects values, which are usually obtained in experiments with the STM: a tunneling current I and a conductance G=dI/dV. The physical nature of a nonmonotonic dependence of the tunnel conductance G on the lateral coordinates, as measured between the STM-tip and the sample, has the same nature as Friedel oscillations in the electron local density of states (LDOS) in the vicinity of a scatterer. The quantum interference between incident electron waves and waves, which are scattered by the defects, leads to the formation of the standing waves. Hence, by analyzing the oscillatory dependence of the conductance G on the STM tip position, various information about the host metal itself and the defects can be received. Particularly, in papers [1,2] it was shown the analysis of STM image above a subsurface point defect gives the information about Fermi surface of bulk charge carriers. This report is about an analyzing of the 2D contours related to a dispersion law of 2D electron surface states, which are scattered by surface point defect (adatom). 

     In this work we have investigated theoretically the conductance of a small-size tunnel contact for the case of electron tunneling from surface states into bulk states [3,4]. Electron scattering by a single surface defect is taken into account. For an arbitrary shape of the Fermi contour of the 2D surface states an asymptotically exact formula for the STM conductance is obtained, in the limit of a high tunnel barrier and large distances between the contact and the defect. The relation between the standing wave pattern in the conductance and the geometry of 2D Fermi contour is analyzed. We show that the real space STM image does not show the Fermi surface directly, but gives the contours of the inverse support function of the 2D Fermi contour. A rigorous mathematical procedure for the FC reconstruction from the real space STM images is described.

[1] Ye. S. Avotina, Yu. A. Kolesnichenko, A. F. Otte, and J. M. van Ruitenbeek, Phys. Rev. B, 74, 085411 (2006).

[2] Ye. S. Avotina, Yu. A. Kolesnichenko, S. B. Roobol and J. M. van Ruitenbeek, Low Temp. Phys., 34, 207 (2008). 

[3] N. V. Khotkevych, Yu. A. Kolesnichenko, and J. M. van Ruitenbeek,  Low Temp. Phys. 39, 299 (2013).

[4]. N.V. Khotkevych-Sanina, Yu.A Kolesnichenko, J. M. van Ruitenbeek, New J. Phys. 15, 123013 (2013).
FLUCTUATIONS OF HEAT DISSIPATED BY PHASE-COHERENT CONDUCTORS
M.V. Moskalets
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According to famous Callen-Welton fluctuation-dissipation theorem [1] both the rate of heat  dissipated by the driven system and fluctuations of a dissipated heat are controlled by the equilibrium fluctuations of the flux corresponding to a driving force. Therefore, in the linear response regime heat and its fluctuations are related to each other in a universal way. This universality could constitutes the robust reference point for studying of heat fluctuations, the direct measurement of which is challenging. Why to study heat noise? Since according to Rolf Landauer the noise  contains information not accessibly via average quantities [2] and since the heat noise provides information not accessible via charge noise. In this talk I present the Floquet scattering matrix theory of low-frequency heat fluctuations in driven multi-terminal quantum-coherent conductors in the linear response regime and beyond [3]. I show that the intrinsic fluctuations of energy of dynamically excited electrons are the fundamental source of a heat noise not revealed by the electrical noise. This effect results in a somehow counterintuitive phenomena that the energy of a regular flow of particles does fluctuate [4]. Importantly, in the ballistic conductor the heat noise is consistent with the Callen-Welton theorem even in the non-linear regime. In the presence of a backscattering, however, the heat noise becomes strongly enhanced over the linear-response level. Paradoxically, this enhancement does not happen in the case of a single-particle excitations, levitons [5], which are produced with the help of Lorentzian voltage pulses with quantized flux. Close related excitation can be created using a quantum capacitor driven by slow periodic but otherwise arbitrary potential.[6] In the end of the talk I discuss briefly existing proposals to study heat fluctuations.

[1] H. B. Callen and T. A. Welton, Phys. Rev. 83, 34 (1951).

[2] R. Landauer, Nature 392, 658 (1998).

[3] M. Moskalets, Phys. Rev. Lett. 112, 206801 (2014).

[4] F. Battista, M. Moskalets, M. Albert, and P. Samuelsson, Phys. Rev. Lett. 110, 126602 (2013).

[5] J. Dubois, T. Jullien, F. Portier, P. Roche, A. Cavanna, Y. Jin, W. Wegscheider, P. Roulleau, and D. C. Glattli, Nature 502, 659 (2013).

[6] G. Fève, A. Mahé, J.-M. Berroir, T. Kontos, B. Plaçais, D. C. Glattli, A. Cavanna, B. Etienne,.and Y. Jin, Science 316, 1169 (2007).
NONLINEAR CYCLIC TRANSPORT PHENOMENA 

IN POINT CONTACTS
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The method of the current-voltage characteristics record has been used to study processes on the surface of the point contact’s conductivity channel. Transport properties of the “needle-anvil” type’s point contact in liquid medium at room temperature have been investigated for the first time. The conductivity channel’s current states which correspond to the reversible, transient and nonreversible regimes of charge transfer in a point contact have been revealed and studied. At the nonreversible range of the contact voltage bias it was observed a new electrochemical switchover effect, which controls processes of dendrite point contacts’ growth and dissolution taking place at the position of the sample under investigation. To demonstrate the electrochemical cyclic switchover effect, which has been observed in this study for the first time, we also report on quantum electrical characteristics of dendritic copper point contacts formed through an electrochemical process via the above effect. The cyclic switchover effect is demonstrated by the occurrence of steps in the time dependence of the dendrite point contacts conductance. We show that this quantization of the electrical conductance is due to an electronic shell effect [1] governing the dendrite growth.

In the case of the current-voltage characteristics record the electric resistance of the “needle-anvil” point-contact structure in liquid medium also varies with time when going through the stages of growth, reduction and stabilization. The stages are repeated many times accounting for the cyclic changes in the physical and chemical properties of the object. The staircase regions appear in the current-voltage characteristics due to the shell effect. Conductance histograms both of the “needle-anvil” copper point contacts and dendrite point contacts which are spontaneously formed in an electric field under the shell effect control have been constructed on the basis of the obtained experimental dependences. Existence of the conductivity channel’s current states which are observed with a higher probability was shown. This testifies about a quantum character of the conductivity variation during creation of the dendrite point contacts.

The detected effect of cyclic variations of electric conductance during dendrite point contacts electrosynthesis offers possibilities of forming nanostructures of pre-assigned sizes controlled through their electric resistance. The rate of a dendrite growth and dissolution can be monitored accurately by varying the electrolyte concentration and the current in the system. Correspondingly, the point contact size can be varied with atomic resolution. A contact of the required size is readily obtainable by switching off the current in the circuit at the corresponding point of the time-resistance dependence R(t) of a dendritic point contact. Preliminary experiments show that these new objects are gas sensitive, which is a sequel of the gas-sensory effect [2], discovered in point contacts.

[1] A.I. Yanson, I.K. Yanson, J.M. van Ruitenbeek, Nature 400, 144-146 (1999).

[2] G.V. Kamarchuk, O.P. Pospelov, A.V. Yeremenko, E. Faulques, I.K. Yanson, Europhys. Lett., 76, 575-581 (2006).
POINT-CONTACT GAS-SENSITIVE EFFECT: FUNDAMENTALS AND MEDICAL APPLICATIONS FOR BREATH ANALYSIS
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The discovery of the point-contact gas-sensitive effect [1] has led to realization of a totally new approach towards development of new type nanosensors based on technological principles of Yanson point-contact spectroscopy [2]. Point-contact gas-sensitive effect manifests itself at room temperatures as a change of point-contact electric conductivity by 2-3 orders of magnitude upon exposure of low concentration gases (about ppm units and less), which exhibit donor or accepting properties with respect to the gas-sensitive material of the samples. The specific conductivity properties of point contacts enhance considerably their sensitivity parameters with respect to those of existing homogeneous and nanostructures sensor probes. Point-contact sensors demonstrate excellent and unprecedented characteristics and their performance exceeds essentially those of other analogs [3]. These peculiarities are of great prospect for further intensive research of the point-contact gas-sensitive effect fundamentals and fast progress of advanced applications of point-contact sensors. 

The report contains an analytical consideration of the state-of-the-art of the point-contact sensors including scientific and technical basis for their design and investigations. Point-contact gas-sensitive effect is described. Direct comparison of the general parameters of point-contact sensors and nanoscale analogs in their original form without using a special treatment or complex structures is provided. One of the main technological advantages of PC transducers in the case of their production is ability to realize a unique scheme involving a nano-sized sensitive element based on the ordinary bulk (macroscopic) electrodes. As a result, it is possible to produce an ultra-sensitive device by a technique traditionally and reliably tested in Yanson point-contact spectroscopy, with no need for additional, complicated, costly equipment and components. To demonstrate this advantage the methods for point-contact sensors creation are described. Original electrochemical approaches for point-contact sensor technology development as well as for design of energetic autonomous sensitive elements are presented. Complex behavioral pattern of the response curves of point-contact sensors which had been unknown in sensor engineering are considered. New advanced approach for sensor breath analysis based on the point-contact information-rich breath spectra providing data similar to exhaled gas profiling is described. Development of new tools for non-invasive diagnosis in medicine by point-contact sensor breath analysis is considered [4].

[1]. G.V. Kamarchuk, O.P. Pospelov, A.V. Yeremenko, E. Faulques, I.K. Yanson, Europhys. Lett., 76, 575-581 (2006).
[2] Yu.G. Naidyuk and I.K. Yanson, Point-Contact Spectroscopy (Springer, New York, 2005).

[3] G.V. Кamarchuk, I.G. Kolobov, A.V. Khotkevich, I.K. Yanson, A.P. Pospelov, I.A. Levitsky, .B. Euler, Sensors and Actuators B, 134, 1022-1026 (2008).
[4] G.V. Kamarchuk, A.P. Pospelov, and I.G. Kushch, In: Volatile Biomarkers: non-Invasive Diagnosis in Physiology and Medicine, Ed. by A. Amann and D. Smith (Elsevier, Amsterdam, 2013) chapter 15, p. 265-300.

ELECTRON TRANSPORT IN SINGLE PROTEINS: FROM TUNNELING TO POINT CONTACTS
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Electron transport through organic molecules is under study for decades. But mostly it was observed via tunneling barrier by Scanning Tunneling Microscopy (STM). Even if the direct transport was achieved it was done on large arrays of objects or layers of molecules. But further development of molecular electronics requires understanding of electron transport mechanisms in single molecules.

We present experimental research based on single biological molecule contacts which are created by STM probe and proteins. Proteins are attached to either single crystal surface of gold (111) or carbon (graphene/graphite). Due to engineered properties of molecules they are covalently bonded to the surface. Such a link creates a specific bonding contact without tunneling barriers between the molecule and the surface as well as between the molecule and STM tip (traditionally Au or Pt-Ir). Depending on the surface origin proteins have different cites activated. Currant-distance (I-z) measurements between STM tip and protein demonstrate plateaus which correspond to periods of constant conductivity through the molecule together with exponential general behavior. 

As soon as samples are covalently bonded both with the surface and the STM tip we can assume the whole system as a point contact. But we found a lack of theoretical models for direct conductivity in molecular junctions. Point-contact ideology in interpretation of experimental results would be a great advantage in the field of molecular electronics research. 

The Hysteresis of magnetoresistance in heterocontacts with Fe-based superconductorS
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This paper studies heterojunctions formed by highly conductive metal (Cu) and iron-based superconductors (LaOFFeAs and Fe Own magnetic field of the transport current is capable to destroy superconductivity in the areas of the dispersion of the order parameter. This allows to obtain a defect-free superconductor NS border between its normal and superconducting parts.

Studying such systems in small external magnetic fields and low temperatures, we observed negative magnetoresistance and positive magnetoresistance with hysteresis (Fig. 1). The increase in conductivity, as well as the hysteresis effect, which cannot be eliminated even in the mode with the probability of Andreev reflection at the NS boundary close to zero, indicate the spin-dependent nature of transport in the normal ground state of chalcogenides and arsenide oxypnictides. In particular, positivity and even charging (with respect to the magnetic field direction) of the magnetoresistance in this transport mode indicate the possibility of Stoner ferromagnetic instability. At this instability the amplitude of spin scattering may depend on the number of ferromagnetically oriented local moments in stripes with ferromagnetic interaction of local spins with spins of itinerant electrons.

	
[image: image13.wmf]

	Fig.1. Magnetoresistance with hysteresis of the heterojunction Cu/LaO(F)FeAs, normalized to the total contact resistance:
asterisks ​​​​represent experiment ((T+eV)~Δ); solid curve is spin-dependent magnetoresistance in accordance with theory.


TUNNELING SPECTROSCOPY OF

AMORPHOUS METAL ALLOYS Fe77Si8B15
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In this work the electronic structure of disordered metal alloy Fe77Si8B15 has been investigated by the tunneling spectroscopy. A tendency to amorphization one often associate with the density of electronic states at the Fermi level - Nagel-Tauc theory [1]. The density of electronic states near the Fermi level was obtained by the tunneling spectroscopy (Figure). In the occupied states three peaks can be observed that characterize the d-states of iron. Apparently, these different peaks correspond to different iron compounds. The main peak at ~ 2.5 eV corresponds to α-Fe, the peaks at the left and right of it belong to the compound of iron with silicon and boron. As can be seen from the figure, the Fermi level corresponds to the minimum density of electronic states.
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Figure. Density of unoccupied and occupied electronic states in the near-Fermi region (±3 eV) of amorphous metal alloys Fe77Si8B15. 

In the unoccupied states a fine structure is also observed, which is a consequence of the formation of various iron complexes.
Using tunneling spectroscopy areas with low conductivity were revealed, that is typical for the formation of nanophases on the base of iron and silicon. Heterogeneities of the electronic density of states at the intercluster boundaries were observed which indicates their complex organization. Fermi level of the alloy is in a local minimum of electronic density of states that meet the Nagel-Tauc criteria concerning the formation of the amorphous state.

[1] S.R. Nagel, J. Tauc, Phys. Rev. Lett., 35, № 6, 380 (1975).

TUNNELING SPECTROSCOPY AND MICROSCOPY OF Cu, Ag AND Au MONOLAYERS
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Using high-vacuum high-resolution scanning tunneling microscopy we have investigated the processes of hexagonal-pyramidal Cu, Ag and Au structures formation after thermal sputtering of metals onto monocrystalline Si (1 1 1) and Si (1 1 0) surfaces (Fig. 1). It was found that under homogeneity of melt of deposited metals and vacuum not lower than 10-8  Pa there are formed self-ordered hexagonal-pyramidal nanostructures consisting of monoatomic layer planes each shifted by a distance of about 3 nm relatively to the growth start of the previous plane (Fig. 1). 

The cuvette with the sample was in a closed cylinder with a hole of 2 mm at a distance of 7 cm from the silicon wafer. Epitaxial growth of monolayers was close to the Stranski-Krastanov. The growth rate was about 1 ML/sec. These conditions are close to the effusion at MBE. The mechanism of formation of hexagonal-pyramidal Cu, Ag and Au nanostructures is determined with a character of electron density behavior at the edge of each monoatomic layer.  Extreme atoms of planes have higher energy state and thereby growth of each next monoatomic plane starts not from the edge but at the distance of about 3 nm from it what is caused with relaxation of inhomogeneity of electron density of states at this distance and determines pyramidal shape of formations. During thermal deposition of silver (Fig. 1,b), after the formation of 3-4 monolayers, observe the formation of grain boundaries, which with further deposition begin to combine. The result of "two-dimensional" grain boundaries combine are the topological features in the form of wells (depth of ~ 0.4 Å). Annealing by heating to 300 °C, recreates intact structure 7x7. Tunnel spectra of the monolayer formation were obtained. The electronic states density of the metal monolayers were appreciated.
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Figure 1. Au(a), Ag (b) and Cu (c) nanoformation on the Si (111) surface.

Unusual behavior of the temperature and magnetic-field dependencIes of the superconducting critical parameters in the Dy0.6Y0.4Rh3.85Ru0.15B4
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This paper presents the comprehensive studies of the electrical resistivity and the point contact (PC) Andreev reflection spectra of polycrystalline bulk sample Dy0.6Y0.4Rh3.85Ru0.15B4 in superconducting temperatures range (T < Tc ≈ 7 K) in magnetic fields up to 3 T. These compounds are magnetic superconductors in which magnetism coexists with superconductivity [1, 2].

It was shown, that the magnetic field H enhance superconducting parameter Δ in the wide range of the magnetic fields (0 < H < 0,9Hc2 at 1,6 К and 0 < H < 0,6Hc2  at 4,2 К). Such behavior can be explained by the change of magnetically ordered state from uncompensated (ferro- or ferrimagnetic) to a compensated (antiferromagnetic) with increasing magnetic field due to reduction of the influence of the internal magnetism on superconductivity. It was found that Hc2 = 6,5 kOe at 1,6 K and Hc2 = 10,5 kOe at 4,2 K. Such behavior of Hc2 is opposite to observed in conventional superconductors. Hc2(T) of the bulk sample Dy0.6Y0.4Rh3.85Ru0.15B4 was studied in detail by measuring the temperature dependence of the resistivity in different magnetic fields. The upper critical field increased with decreasing temperature down to 2 K when the external magnetic field was perpendicular to the transport current (φ = 90(). Hc2 value that was found from R(T) at 4,2 K was about 25 kOe, i.e. more than two times higher than in the microcontact studies. The same behavior Hc2(T) was also observed when the magnetic field coincides with the direction of the transport current (φ = 0(). At φ = 45(, the value of Hc2 sharply decreased to 9 kOe, i.e. was close to the value obtained from the point-contact studies. Dependencies R(T) for φ = 45( demonstrated significantly stronger suppression of the superconducting state in a magnetic field than for other orientations. All of the above may indicate the texturing in a polycrystalline sample. It is assumed that when the orientation is φ = 45(, magnetically ordered state below Tc varies in such a way that uncompensated total magnetic moment increases under the influence of the magnetic field. The latter leads to a significant suppression of superconductivity already in the field of 9 kOe. However, it is not excluded the possibility of presence of unconventional superconductivity.

[1] V.M. Dmitriev, A.J. Zaleski, E.P. Khlybov, L.F. Rybaltchenko, E.V. Khristenko,

L.A. Ishchenko, and A.V. Terekhov, Acta Physica Polonica A114, 83 (2008).

[2] V.M. Dmitriev, A.J. Zaleski, E.P. Khlybov, L.F. Rybaltchenko, E.V. Khristenko,

L.A. Ishchenko, A.V. Terekhov, I. E. Kostyleva and S. A. Lachenkov, Low Temp. Phys. 34, 909 (2008) [Fiz. Nizk. Temp. 34, 1152 (2008)].

EXPLORING OF POINT-CONTACT SPECTRA OF KFe2As2 IN THE NORMAL STATE 
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We present the investigation of the iron-based superconductor KFe2As2 in the normal state done by point-contact (PC) spectroscopy. Among the measured PC spectra (d2V/dI2) of KFe2As2 two main groups can be distinguished. The d2V/dI2 characteristics from the first group show a pronounced maximum at about 20 mV without any additional features at lower and higher energies. The various possibilities for the origin of this peak, which may be important for the understanding of superconductivity nature in this type of pnictide systems are considered [1]. First of all, ab-initio calculations of the electron-phonon interaction function were performed. They point out to the nonphonon origin of the 20meV feature. Also an alternative scenario is proposed taking into account the unoccupied electron bands being still close to the Fermi level. Such specific band schema makes possible for appearance indirect longitudinal excitons which give the maximal contribution to the PC conductivity at about 20 meV.
In the second much larger group, the PC d2V/dI2 characteristics display a broad maximum, which position varies from 30 to 60 mV. The evaluation of PC spectra from this group has shown, that here the thermal regime of the current flow is realized. Additionally, we have calculated the shape of dV/dI curves for KFe2As2 PC according to the thermal regime theory and found a good correspondence between the calculated and experimental PC spectra from the second group [2]. We have estimated also the value of the electron mean free path l, which turned to be in the range of 0.1–2 nm. It is comparable with the tetragonal lattice parameters of KFe2As2 single crystal. The smallness of the characteristic electron length in the studied material makes it difficult to create the non thermal PCs.
[1] Yu.G. Naidyuk, O.E. Kvitnitskaya, N.V. Gamayunova, L. Boeri, S. Aswartham, S. Wurmehl, B. Büchner, D.V. Efremov, G. Fuchs, S.-L. Drechsler, arXiv:1408.1509 (to be published in PRB).
[2] N.V. Gamayunova, O.E. Kvitnitskaya, N.L. Bobrov, Yu.G. Naidyuk, Bulletin of Kharkiv National University 1, N19, 16 (2014) (in ukrainian).

SPIN-VALVE EFFECTS IN POINT CONTACTS TO EXCHANGE BIASED Сo40Fe40B20 FILMS
O. P. Balkashin1, V. V. Fisun1, L. Yu. Triputen1, S. Andersson2, V. Korenivski2, 
Yu. G. Naidyuk 1
1 B.Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of Ukraine, 47 Lenin Ave., 61103, Kharkiv, Ukraine
 2Nanostructure Physics, Royal Institute of Technology, Stockholm, SE-10691 Sweden
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               Nonlinear current-voltage characteristics and magnetoresistance of point contacts between a normal metal (N) and films of amorphous ferromagnet (F) Сo40Fe40B20  of different thickness, exchange-biased by antiferromagnetic Mn80Ir20 are studied. A surface spin valve effect in the conductance of such F–N contacts is observed (see Fig.). The effect of exchange bias is found to be inversely proportional to the Сo40Fe40B20 film thickness. This behavior as well as other magneto-transport effects we observe on single exchange-pinned ferromagnetic films are similar in nature to those found in conventional three-layer spin-valves. 
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	Figure. Exchange-bias field HEX for Сo40Fe40B20/Mn80Ir20 versus the thickness of the ferromagnetic film: circles correspond to the surface layer of the film, triangles – to the bulk of the film. Straight lines: linear fits to the corresponding data points.


SPIN POLARIZATION OF FeNi ALLOY IN FeNi-Cu MULTILAYER FOILS 

A.I. Ustinov 1, O.M. Rudenko 1, A.A. Krakovny 2, V.M. Uvarov 2, D. S. Dubyna 2
2 E.O. Paton Electric Welding Institute, NAS of Ukraine,
11 Bozhenko Str., 03650 Kyiv, Ukraine
2 G.V. Kurdyumov Institute for Metal Physics, NAS of Ukraine,

36 Academician Vernadsky Blvd., 03680 Kyiv, Ukraine
e-mail: dubyna2005@ukr.net

Multilayer foils composed of layers based on a Fe-36%Ni alloy and Cu (FeNi-Cu) with specified periods of layers alternation, which were produced through layer electron beam deposition of a FeNi alloy and Cu, have been studied by a point contact. The FeNi-Cu bi-layer thicknesses were 395 nm, while the foil thickness – 16.6 μm. Investigation into the chemical composition of the foils which was carried out on their cross sections by a scanning electron microscope equipped with an energy dispersive spectrometer ENERGY 200, shown Ni content in the permalloy is ≈42–43%. Tip of the point contact was a niobium wire sharpened by a chemical etching. Samples were measured in the transport Dewar ﬂask by four-terminal sensing method at the temperature of 4.2 K.


Estimation of the spin polarization (P) of the samples was performed by the derivatives of current-voltage characteristics. Most of the measurements showed the P value for the FeNi alloy in the range of 36–47%. At the same time, one of the derivative curves showed the presence of the region with spin polarization of the permalloy layer P≈55%, that for this alloy has been observed experimentally for the first time. Such an unusually high P for the permalloy is in an agreement with calculations carried out in the framework of an unified approach based on the use of the band calculations in an approximation of the linear method of the connected plane waves. It was found that the degree of polarization of electron states at the Fermi level in the Ni3Fe alloy could be 69%.
NEW METHOD FOR SENSOR ANALYSIS OF GAS MEDIA BASED ON YANSON POINT-CONTACT SPECTROSCOPY

S.A. Golovko1, V.A. Gudimenko1, А.P. Pospelov2, A.V. Kravchenko3, G.V. Kamarchuk1
1 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave., Kharkiv, 61103, Ukraine

2 National Technical University «Kharkiv Polytechnic Institute»,

21 Frunze Str., Kharkiv, 61002, Ukraine

3 V. Karazin Kharkov National University, 4 Svobody Sq., Kharkov, 61077, Ukraine
e-mail: s.golovko@ilt.kharkov.ua

One of the most promising applications of advanced modern sensors can be development of noninvasive methods of human organism state diagnostics by breath gas analysis. The problem of breath analysis is currently of special interest [1] because of great prospects of this field to cover increasing needs in noninvasive diagnosis technique for the evaluation of health and disease states. Breath gas is a highly composite system with a large amount of equilibrium and nonequilibrium dynamic interactions among the constituents. The components of such a rich gas mixture form in that way a certain breath profile, reflecting specific organism dysfunctions and metabolic disturbances. The state of breath can be examined through its profile which contains information about quantitative and qualitative composition of exhaled gas, metabolic changes in health and disease and provide much information for its analysis.

There are two scientific approaches to the breath profile determination [2]. The first method is based on an additive synthesis of the metabolic profile from breath gas components. In the framework of this trend one can exploit the concept of disease markers. According to the second approach a metabolic profile is a quite complicated function both of the nature of breath gas constituents, their mutual interaction and the correlation of their concentrations. In this case the concept of the integral sensor image is applied to breath profile determination. The main problem when working in the framework both the first and the second approach is that immediately after exhalation there are a lot of interactions among constituents of such complicated gas medium like breath. Modern multisensor systems “electronic nose” allow an integral sensor image of the metabolic profile to be obtained using an additive formation principle. Taking into account a huge number of breath gas components and mutual interaction of the volatile compounds in such gas mixture immediately after the exhalation such approach has essentials limitations for proper determination of breath profile.

In our studies we discovered complex response of point contacts (PCs) to the action of human breath gas which opens absolutely new possibilities to sensor breath investigations by direct breath profile detection and analysis. The response curve of PC sensors contains a number of maxima and minima arising during periods of exposure and relaxation and looks like an original kind of PC gas spectrum. Prior to our work, such a behavioral pattern of the response curves had been unknown in sensor engineering. This finding provides an effective approach for advanced noninvasive methods of the diagnosis development based on the principles of Yanson point-contact spectroscopy [2].
[1]. A. Amann and D. Smith (Eds), Volatile Biomarkers: non-Invasive Diagnosis in Physiology and Medicine (Elsevier, Amsterdam, 2013).

[2] G.V. Kamarchuk, A.P. Pospelov, and I.G. Kushch, In: Volatile Biomarkers: non-Invasive Diagnosis in Physiology and Medicine, Ed. by A. Amann and D. Smith (Elsevier, Amsterdam, 2013) chapter 15, p. 265-300.

ELECTRONIC STRUCTURE AND ELECTRON-PHONON INTERACTION IN LAYERED SUPERCONDUCTING BORIDES: 
RRh4B4 AND RNi2B2C. 
A.V. Logosha, G.E. Grechnev
 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,

47 Lenin Ave.,61103 Kharkiv, Ukraine

e-mail: logosha@ilt.kharkov.ua

The discovery of superconductivity in layered borides RRh4B4  and RNi2B2C has initiated intensive studies of their physical properties. These systems show a rich variety of physical properties, including superconductivity (with transition temperatures up to Tc~12-15 K), exotic magnetic behaviour, heavy Fermion features, mixed-valence states and a coexistence of magnetism and superconductivity
This work presents a study of electronic structure and a number of thermodynamic characteristics of RNi2B2C (R = Y, La, Lu) and RRh4B4 (R = Y, Lu). Also dependences of these characteristics on volume and structural parameters were addressed to shed light on corresponding high pressure effects. The electronic structure was calculated ab-initio by using a full-potential LMTO method within the local density approximation (LDA) of the density functional theory (DFT). Calculations of densities of electronic states indicate that in these systems Fermi energy is located in a vicinity of pronounced peaks in N(E). This confirms the recent ARPES observations [1] that proximity of Van Hove spectral features to the Fermi level can be considered as a key component for realization of superconductivity in transition metal compounds. In fact, detailed first principles calculations of electronic structure are necessary for the analysis of ARPES spectral characteristics of these systems. 

Calculated densities of the electronic states at the Fermi level, N(EF), for borides can be compared with experimental data on the electronic specific heat γexp. The difference between γtheor and γexp is usually addressed to a renormalization of the effective masses of the single-electron spectrum owing to electron-phonon interactions. This makes it possible to determine the corresponding renormalization parameter λ - γexp=(1+λ)γtheor. Based on the calculated and experimental data, we have estimated the temperature of the superconducting transition for these borides using the McMillan formula. The obtained values of Tc  are in a good agreement with experiment.
[1] A.A. Kordyuk, Fiz. Nizk. Temp. 38, 1119 (2012) [Low Temp. Phys. 38, 901 (2012)].
TUNNELING SPECTRA OF BREAK JUNCTIONS INVOLVING Nb3Sn
Toshikazu Ekino1, Akira Sugimoto1, Yuta Sakai1, Alexander M. Gabovich2, Jun Akimitsu3
1Hiroshima University, Graduate school of Integrated Arts and Sciences, Higashihiroshima 739-8521, Japan

2Institute of Physics, National Academy of Science, Kiev 03680, Ukraine                                                                                                                     3Department of Physics, Aoyama-Gakuin University, Sagamihara 252-5277, Japan
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The electronic gap structure of Nb3Sn was measured by the break-junction (BJ) tunneling technique. The superconducting gap values are estimated to be in the range 2Δ = 4 – 5.5 meV at T = 4.2 K as follows from the observed distinct conductance peaks. In addition to the superconducting gap structure, we observed reproducible hump-like structures at the biases of about ± 20 and ±50mV. Such a coexistence of gap and hump structures resembles the situation found in the high-Tc copper-oxide superconductors. Above the superconducting critical temperature Tc ~ 18 K, the humps appear as the only gap-like structures. Their possible origin is discussed in connection to the structural phase transition occurring in Nb3Sn.

	[image: image19.emf]

	Figure. Tunneling conductance G(V) = dI/dV(V) obtained for different Nb3Sn break junctions in the superconducting state at 4.2 K. The inset shows the temperature dependence of the electrical resistance R(T) normalized by R(T = 100 K).


[image: image20.jpg]



Address: ILTPE, 47 Lenin Ave., Kharkiv 61103 , UKRAINE 
Tel: +(380)-57-340-22-11, Fax: +(380)-57-340-33-70, E-mail: naidyuk@ilt.kharkov.ua   

_1470035367.doc
[image: image1.png]=0), %

ARy /R(H:

1,8

1,6 |
1,4 ]
1,2 ]
1,0 ]
0,8 ]
0,6 1
0,4 ]
0,2 ]
0,0 |
-0,2 ]

LaOFFeAs

T=4K

I=100 mA
/

-1500

T T
41000 -500 0
H, Oe

T T
500 1000

1500







_1470035368.bin

_1470035366.unknown

