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The problem of High Temperature Superconductivity re-
mains highly topical: quite regularly novel HTS materi-
als come on stage (copper oxide high-Tc superconductors
in 1986, magnesium diboride in 2001, iron pnictide and
iron chalcogenide compounds in 2008). Achieving progres-
sively higher superconducting transition temperatures re-
mains an encouraging motivation for researchers in the field.
Up to now, Tc is the highest in copper-oxide perovskite ma-
terials with values higher than 150 K achieved in the 1980s
and 1990s. Nevertheless, a commonly accepted approach to
the problem of high temperature superconductivity is still
missing.

Discovery of superconductivity in iron pnictides with
Tc’s up to 56 K introduced a new family of high-Tc super-
conductors. Their study and comparison with copper oxides
provides an excellent chance to reveal the mechanism of
high-Tc superconductivity in general, and in the two fami-
lies, in particular. Cuprate superconductors are strongly cor-
related materials. The correlations lead to the anomalous
properties of cuprates in the normal state and to the inappli-
cability of the Fermi-liquid model to their normal properties.
In contrast, the iron-based pnictides in the superconducting
state show signatures of weak rather than strong coupling.
In the normal state, they seem to behave in accord with the
Fermi liquid model. Contrary to cuprates, where an effective
one-band electronic conduction model is sufficient to de-
scribe the low-energy electronic excitations, in the Fe-based
compounds at least four bands contribute to superconduc-
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tivity. The stoichiometric parent compounds are antiferro-
magnetic insulators for cuprates and antiferromagnetic met-
als for pnictides.

This special issue of Journal of Superconductivity and
Novel Magnetism contains 21 experimental and theoretical
contributions to the FPS’11 Conference selected for jour-
nal publication. Traditionally, among the main topics of the
FPS Conference are: (M) Mechanisms of high temperature
superconductivity, (P) Physical properties of superconduct-
ing materials and superconductor structures, and (N) Novel
superconducting materials. These focus areas of the Confer-
ence are reflected in the papers published in this issue, which
have been grouped correspondingly. Some of the major con-
tributions are briefly overviewed below.

M In section (M), M. Kagan et al. demonstrate the pos-
sibility of triplet p-wave pairing at low electron density to
occur in several models. Particularly, the critical tempera-
ture of the p-wave pairing can be strongly increased in a
spin-polarized case or in a two-band situation. In the pa-
per by A. Barabanov et al. the problem of constructing the
kinetic equation for a hole motion in systems with strong
spin-hole interaction (such as HTS) is treated in terms of
the spin polaron concept for a regular 2d antiferromagnetic
(AFM) s-d mode. K. Mitsen et al. discuss a model based
on the coexistence of localized pairs where a pair of 3d9L
states is located in two adjacent cations forming a two-atom
negative-U center. The paper by A. Bianconi discusses the
shape resonances in multigap superconductors. The shape
resonance, or Feshbach resonance, in the inter-band pairing
occurs by tuning the chemical potential near an electronic
topological transition where the Fermi surface (FS) topol-
ogy changes its dimensionality. The maximum Tc is reached
by tuning the chemical potential to “shape resonance” by
changing the carrier density and/or the superlattice structural
parameters.
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P In line with the same approach, the paper by S.
Ovchinnikov et al. reviews doping dependence of the nor-
mal and superconducting properties of La2−xSrxCuO4 in
the low-energy effective model based on the ab initio
LDA+GTB calculations. The two quantum phase transi-
tions (QPT) of the Lifshitz type are found to correspond
well to the experimental phase diagram. The true FS and the
spectral intensity map seen in ARPES within a new norm
conserving cluster perturbation (NC-CPT) theory present
ab initio calculations of doping dependence of the normal
and superconducting properties of La2−xSrxCuO4. The ex-
perimental paper by A. Kordyuk et al. reviews the elec-
tronic band structure of iron pnictide superconductors from
ARPES experiments. Particularly, they focus on 111 and
122 compounds and discuss the observed correlation of the
experimental band structure with the superconductivity. The
paper by Larionov presents the calculated plane copper and
oxygen nuclear spin-lattice relaxation rates for optimally
doped LaSCO and compared them with experimental data.

The vortex physics is one of the main topics of the FPS
conferences. A. Melnikov et al. study topological transitions
in quasiparticle spectra of vortex systems, governed by an
external magnetic field and transport current. Two generic
examples of such transitions are analyzed: (i) opening of
FS segments corresponding to the creation of a vortex-
antivortex pairs; (ii) merging of different FS segments via
the Landau–Zener tunneling. A. Samokhvalov, A. Mel-
nikov, and A. Buzdin consider superconductivity nucleation
and Josephson current in multiply connected mesoscopic
S/F hybrids and S/F composites. In the paper by A. Buzdin
et al., the effect of the intervortex interaction potential on
the short range vortex arrangement, i.e. vortex molecules, is
considered.

N In section (N), G. Logvenov et al. overview study
of HTS interface superconductivity that occurs within
a single CuO2 plane at the interface between metallic
La1.55Sr0.45CuO4 (LSCO) layer and an insulating La2CuO4

(LCO) layer, grown by “digital” deposition of metal-oxide
layers with monolayer precision. In the experiments by Ya.
Ponomarev group, using the “break-junction” technique and
Andreev reflection spectroscopy, the two-gap superconduc-
tivity is revealed and quantified for several Fe-based pnic-
tides. For the known Fe-based HTS materials the gap values
are shown to scale universally versus critical temperature

and to agree within experimental error with the spin reso-
nance data obtained from neutron scattering. M. Korshunov
et al. compare the spin resonance peak observed in inelastic
neutron scattering experiments in Fe-based pnictides with
predicted results for the extended s-wave (s±) gap symme-
try, and discuss the role of the spin-orbit interaction. Further
attention to the pnictide HTS is given by several other exper-
imental groups studying 11, 122, and 1111 HTS materials.
Experimentally, the 57Fe-Mössbauer spectroscopy measure-
ments by N. Korotkov et al. on polycrystalline sample of
Gd-1111 with bulk TC = 53 K have revealed two nonequiv-
alent Fe2+ positions in the Fe-As superconducting planes.

The paper by I. Khaymovich, N. Chtchelkatchev, and
V. Vinokur considers the two-dimensional topological in-
sulator (TI) coupled to the s-wave isotropic superconduc-
tor (SC) and shows that it contains terms describing mix-
ing of the TI subband branches by the superconducting
correlations induced by the proximity effect. In the pa-
per by V. Valkov and A. Zlotnikov, the coexistence of
heavy-fermion superconductivity (SC) and antiferromag-
netism (AFM) has been studied in the framework of the pe-
riodic Anderson model with superexchange interaction be-
tween localized electrons. In line with the concept of the
shape resonances and Lifshitz-type transitions, G. Volovik
discusses the flat band in topological insulators as an ex-
tremely singular density of states to give rise to surface su-
perconductivity which in principle could exist even at room
temperature.

More information about the FPS’11 Conference and col-
lections of all papers (about 150) can be found at http://
fps11.lebedev.ru. The next, 5th International Conference on
Fundamental Properties of High Temperature Superconduc-
tivity (FPS’14) is scheduled for October 2014, as usual, in
Zvenigorod, Russia. We will be very happy to host the next
conference and look forward to welcoming you.

We hope this special issue will be useful for researchers
working in the field of high temperature superconductivity.
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