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FPS’11 was the 4th Conference in row, organized by the P.N.
Lebedev Physical Institute (LPI) of the Russian Academy
of Sciences near Russian old city of Zvenigorod. The con-
ference was dedicated to three outstanding events. First, in
2011, the worldwide scientific community celebrated the
100th anniversary of the discovery of superconductivity by
H. Kamerlingh-Onnes and collaborators. Second, a quar-
ter of a century ago, J.G. Bednortz and K.A. Müller ob-
served superconductivity at much higher temperatures in
cuprate oxides, their discovery opening up a new era in the
study of this outstanding phenomenon. And, third, in Octo-
ber 2011, we commemorated the 95th anniversary of Vitalii
L. Ginzburg, the 2003 Nobel Prize winner, who has made an
outstanding contribution to the theory of this phenomenon;
he was one of the pioneers of high temperature supercon-
ductivity, inspired and organized comprehensive research at
LPI in this area.

Vitaly Ginzburg and HTS. In 1940 Vitalii Ginzburg (VL)
attended a speech on superconductivity by Lev Landau (LL),
who treated it as the superfluidity of electron liquid in met-
als. VL was impressed by this work and starting 1943 he
engaged in studying superconductivity. No thorough theory
of superconductivity existed at that time. From the London
theory it follows that the surface energy at the N-S inter-
face is always negative; VL understood that the London the-
ory had to be generalized. To solve this problem, in 1950,
Lev Landau and Vitaly Ginzburg elaborated an elegant phe-
nomenological theory which may be viewed as an applica-
tion of the Landau theory of phase transitions to supercon-
ductivity. In this case, a scalar complex function Ψ plays the
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role of the order parameter. Therefore, VL preferred to call
it the “Ψ -theory”, though it is more often referred to now
as “GLAG” (Ginzburg–Landau–Abrikosov–Gorkov) theory.
With the advent of the BCS theory of superconductivity in
1957, it became clear that the underlying microscopic mech-
anism is pairing of electrons with opposite momentum and
spins. Interestingly, yet in 1952, VL noted that the charged
Bose gas would behave like a superconductor, but he did not
arrive then at the idea of electron pairing.

The question of radical elevation of the critical temper-
ature was clearly posed for the first time by Little in 1964.
VL was very impressed by the newly opened prospective
of achieving the superconductivity at much higher tempera-
tures and with a great enthusiasm turned to the problem of
high temperature superconductivity in a broad sense, consid-
ering various issues. He worked with a group of theorists at
LPI, including D. Kirzhnits, E. Maksimov, and others. Their
theoretical research is summarized in the monograph “High
Temperature Superconductivity” [1] published in 1982, i.e.
four years prior to the discovery of HTSC in 1986–1987!
The net theoretical result of these studies is as follows: there
is no theoretical restriction that would impede achieving su-
perconductivity at essentially higher temperatures, such as
e.g. room temperature. VL considered practical achievement
of the room temperature superconductivity as a task of the
major priority and in 2006 initiated development of large-
scale experimental research in this field at LPI.

Fe-based HTS (Fe-HTS) pnictides are the most recent
“family” of superconductors discovered and their studies
were the focus of FPS’11. The exact mechanism that facil-
itates superconductivity in Fe-HTS is still intriguing. There
are several reasons why the Fe-HTS are important to study
[2–4]. First, they promise interesting physics that stems from
the coexistence of superconductivity and magnetism, and
possibly manifest an unusual symmetry of the supercon-
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ducting order parameter. Second, having multi-band elec-
tronic structure and strong magneto-elastic coupling, they
give hope to revealing and disentangling contributions of the
phonon, spin-fluctuations, and electronic glues that are re-
sponsible for the superconducting pairing. Below we briefly
illustrate these issues.

Finally, Fe-HTS are quite interesting for applications.
The very high critical fields, comparable with or superior to
those of cuprates, and isotropic critical currents make them
potentially promising for electric power and high magnetic
field applications. Due to the small Fermi pockets, Fermi ve-
locities, vF, are low, resulting in extremely short coherence
length ξ ∼ �vF/2πkBTc ∼ 1–3 nm and, consequently, very
high values of the upper critical field Hc2 = φ0/2πξ2 ex-
ceeding 100 T [5–8]. The 122-family Fe-HTS demonstrate
high and almost isotropic critical current density, Jc, in the
range of 105 ÷ 106 A/cm2 at T = 4.2 K [8, 9] and relatively
low Hc2 anisotropy γ = H

(ab)
c2 /H

(c)
c2 = 1–2 [7, 8]. Due to

strong intrinsic pinning the critical currents exceed those for
the cuprate HTS already in fields above ∼15 T.

From the proximity of the AFM and superconducting
phases on the phase diagram, it was proposed that pairing
in Fe-HTS is mediated by spin-fluctuations [2]. For the two-
band superconductor, there is an interesting possibility of the
s± pairing symmetry first pointed out in [10] that assumes
the sign change of the superconducting order parameter [11,
12]. The indirect band overlap, like in semimetals, makes
them susceptible to electronic instability with a wavevec-
tor separating the electron and hole pockets. In accordance
with the excitonic insulator approach [13, 14], the system is
then susceptible either to a spin (charge) density wave or a
superconducting instability. The spin dynamics in Fe-HTS
is revealed primarily by inelastic neutron scattering (INS)
measurements. The resonance in the dynamic spin suscep-
tibility occurs due to its divergence through a sign change
of the superconducting order parameter on different parts
of the Fermi surface [15]. Remarkably, the resonance ob-
served in INS-experiments coincides well with the larger of
two superconducting gaps for various Fe-HTS, measured by
point-contact spectroscopy [16].

With regard to conventional phonon coupling, the situ-
ation a priori is not favorable since the density of states
at the Fermi level is very low and the material does not
lend itself to strong electron–phonon coupling [2, 3]. On the
other hand, several arguments in favor of the phonon cou-
pling come from isotope effect measurements [3], and from
ARPES data [3, 17, 18]. The measured gap anisotropy is
hard to reconcile with the s± models and spin fluctuations
but it fits the s++ models based on orbital fluctuations as-
sisted by phonons [19, 20]. Also, the 2�/Tc ratios are only
slightly enhanced relative to the weak coupling conventional
BCS value [16]. The correlation of the Van Hove singular-
ities in the vicinity to the Fermi level (Lifshitz transition)

with the onset of superconductivity has been observed in
Fe-HTS [21, 22]. This suggests that the proximity to the
electronic topological transition, for one of the multiple FS
sheets, favors the superconducting pairing [23, 24].

To summarize, studying interplay of superconductivity
and magnetism as well as pairing mechanisms in novel Fe-
based superconductors offers exciting interesting physics.
Very instructive and fruitful is to compare properties of these
multi-band compounds with those of cuprates. The com-
plexity and multi-band electronic structure of the Fe-HTS
promises a good possibility to establish empiric relations
between their band structure, magnetic and superconducting
properties, and to test various theoretical models.

Final
The mechanisms of superconductivity and magnetism in Fe-
HTS remain unresolved issues. The true large-scale applica-
tion of the HTS technology in the ubiquitous surroundings
is still emerging and the time of its advent depends criti-
cally on the progress in achieving Tc’s as high as up to room
temperature. The room temperature superconductivity was
a “blue dream” of Vitalii Ginzburg, who inspired and or-
ganized comprehensive research in this area, and to whose
95th anniversary the FPS’11 Conference has been dedicated.
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