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Part I.

A little of history
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Discovery of superconductivity

Nobel Prize 1913



Mechanism of superconductivity

Bardeen-Cooper-Schrieffer

(BCS)

Year 1957 Nobel Prize 1972



Year

Тс (К) ?1975, Nb3Ge,

Tc=23.2 K

«Conventional» (BCS) superconductors



One-dimensional conductors/superconductors

1964, Excitonic superconductors

ТС ~ 1000 К!

W.A.Little. Possibility of synthesizing an organic

superconductor. Phys. Rev. 134, A1416 (1964).
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Years

Тс (К) ?
1975, Nb3Ge,

Tc=23.2 K



1986: high-temperature superconductors (HTSC) - cuprates

Important:

a) Тс>77 K;

b) “restrictions” on Тс removed

(Тс<30-50 K)

J.BednorzK.Muller

1975, Nb3Ge,

Tc=23.2 K

Years

35 К

93 К

110 К

140 К

Tc (K)

Nitrogen

Nobel Prize 1972

160 K (HgBaCaCuO, P=30 GPa



Exotic superconductors



January 2001: MgB2, Tc=40 K.Jun Akimitsu
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Exotic superconductors



Spin ladders – “intermediate” dimensionality

J t

2 legs 3 legs 2D1D

J

J’

Ladders:

Intermediate dimensionality

Doping

hole

hole

Sr14-xCaxCu24O41

CuO2 chain

CuO2  chain

CuO2  chain

Cu2O3 ladder

Cu2O3 ladder

“Telephone number” discovered
T.Nagata, et al. Phys. Rev.

Lett., 81, 1090 (1998).

Predicted
E.Dagotto, J.Rieira, D.Scalapino.

Phys. Rev. B., 45, 5744 (1992).

Superconductivity

Tc=12 K

under P=3 GPa

Sr14-xCaxCu24O41

Exotic superconductors
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Exotic superconductors

Material



max .

Iron pnictides/chalcogenides

Tc=164 K

(under pressure)

Year 2008: Iron-based superconductors 

end of «cuprates monopoly» on HTSC
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Tc=55 K

FeSe

Months

Kamihara et al. J. Am. Chem. Soc. 128 (31): 10012;

130 (11): 3296



Fakes



Fakes 2016

Tc=100 °C

arXiv:1603.01482v1



2023

Tc=125 °C

arHiv:2307.12037

Pb10-xCux(PO4)6O (0.9<x<1.1) 

August



Real research

Drozdov et al.

Nature 569

528 (2019)

LaH10

Tc=250 K

Millions atm.

Hydrides: BaH12, LaH10, ThH9, YH6, FeH5, RuH4, …



YH6, Tc=224 K, 166 GPa

Troyan et al. Adv. Mater. 2021, 33, 2006832

170–196 GPa TC=253 K

Semenok et al. Materials Today, 48, 18 (2021)

Real research
Hydrides



Troyan et al. Uspekhi 192, 2022

Superconductivity under pressure



Nowadays



Part II.

Optical (electrodynamic) properties

of superconductors



• dielectrics

• conductors

• semiconductors

• superconductors

Dielectric function

ε* = ε + iε"
Refractive index

n* = n + ik
Optical conductivity

σ* = σ1 + iσ2

Optical characteristics of materials



Optics of superconducting state:
1) delta-function

Kramers-Kronig «image» of δ - function :
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Optics of superconducting state:
2) Gap in the density of states
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Optics of BCS superconductor
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Optical Sum Rule
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Optics of a superconductor

Optical spectroscopy:

• SC energy gap (pseudo-gap at T>Tc),

temperature dependence.

• Concentration of SC electrons (hoes), ns(T).

• Absolute value of λL, temperature dependence

• SC order parameter type [via ns(T)].

• Change of kinetic energy after SC PT (via Sum Rule).

• Collective excitations, …
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Problem of optical spectroscopy of superconductors

Fourier-spectroscopy



- Kramers-Kronig analysis of reflectivity spectra R().

- Need to accurately determine the absolute value of reflection coefficient R()

at the level of 99%.

Problem of reflection Fourier-spectroscopy 

of superconductors

J.Orenstein et al. Phys. Rev. B42, 6342 (1990):

YBa2Cu3O6+x



Solution: 

Spectroscopy of SC films 

on substrates

Terahertz

substrate SC film

d
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Zhukova et al. Submitted to J Mesosc. & Nanotechn.



As long ago as in the last century:

R.E.Glover, M.Tinkham. Phys. Rev., vol.108. N15, p.243-256, 1957.

L.H.Palmer, M.Tinkham. Phys. Rev., vol.165, N2, p.588-595, 1968.

D.M.Ginsberg, M.Tinkham. Phys. Rev. Vol.118, N4, p.990-1000, 1960.

P.L.Richards, M.Tinkham. Phys. Rev., vol.119, N2, p.575-590, 1960.

0 1 2 3
0

1

2D

2D

 

T=0

 


1
(n

)/


н
о

р
м

.

(n)

T=0.9 T
c

T=0.6 T
c

Lead films



Laboratory of terahertz spectroscopy at MIPT

1 Hz – 1 MHz

RF Zurich Instruments MFIA

Frequencies 1 Hz – 30 THz

Temperatures   0.3 K – 300 K

TeraView

Menlo Systems

5 cm-1 – 25 000 cm-1

IR Fourier-transform spectrometer

THz time-domain spectrometers

0.3 THz – 4 THz

subTHz coherent-source

BWO-spectrometer

0.03 THz – 1.5 THz



Few examples

of optical spectroscopy of superconductors



Superconductivity of thin MoRe films
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«Anomalous» absorption

In HTSC cuprates
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Transverse plasmon in layered SC
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Theoreticians predicted: 
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Summarizing…



Spectroscopy of superconductivity in hydrades

Reflection INFRARED spectroscopy Transmission INFRARED spectroscopy

BaH12, LaH10, ThH9, YH6, FeH5, RuH4, …

Transmission



Hydrides spectroscopy

at MIPT
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Thank you for your attention


