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Currently there exist compelling experimental ev-

idences that the high Tc-cuprates in the part of the

(T, x)-phase diagram known as the “pseudogap” (PG)

region, are actually electronically inhomogeneous in the

real space. The tendency to the phase separation in

cuprates into magnetic and conducting islands has been

predicted by Gor’kov et al. [1] with lattice interactions

between neighboring Cu2+ ions as the driving mech-

anism. The electro-neutrality that otherwise would be

violated by the presence of immobile Sr-charges was ex-

pected to severely restrict sizes of AFM islands, thus re-

sulting in a dynamically frustrated first order transition.

As shown in [2], it is energetically preferable for AFM

phase, at least at small x, to appear in a form of so-

called “stripes”: charged incommensurate antiferromag-

netic structures. Experimentally such stripe structures

were observed by inelastic neutron scattering [3] which

reveal the dynamical character of stripes’ formation at

temperatures above Tc by observation of large peaks

at the incommensurate wave vectors’ values around the

commensurate AFM (π, π)-point [4] and by extended

X-Ray and diffraction methods [5].

Later it has been argued [6, 7] that the analysis of the

ARPES and transport data together unequivocally indi-

cates in favor of the two-component physics for cuprates

also in the momentum representation. This observation

provided a new avenue for study of the electronic spec-

trum in the pseudogap phase from which superconduc-

tivity evolves.

We address details of the electronic spectrum in

the pseudogap (PG) phase critical for understand-

ing mechanisms of high-temperature superconductiv-

ity (SC) in cuprates. The angle-resolved photoemission

spectroscopy (ARPES) finds coherent excitations only

at so-called “Fermi arcs” (FAs) [8, 9]. Another branch –

small electronic pocket [10–12] is seen in the quantum

oscillations (QOs) at low temperatures. The origin of

the electron pockets as well as their existence at higher

temperatures are intensively debated [10–14]. With ten-
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dency to a charge ordering (CO) revealed in few recent

X-rays experiments [15–18] the view became popular

[13, 14, 19–21] that pockets emerge via reconstruction of

the Fermi surface (FS) in vicinity of the nodal points

in a CO transition. However the residual metallic con-

tribution into the specific heat deep in the SC phase of

YBCO observed in [11, 22] contradicts the reconstruc-

tion scenario, as SC suppressing the CO would thereby

destroy such pocket. The inconsistencies in the scenario

associated with the reconstruction of the FS make it

necessary to search for alternative origins of the elec-

tron pockets.

The main part of our short review is devoted to pub-

lications [6, 7, 23–29] in which a phenomenological ap-

proach has succeeded in constructing a consistent model

of the electronic spectrum of cuprates in the pseudogap

phase.

Based on the analysis of transport data in the

PG phase for the three families of underdoped (UD)

cuprates (YBCO, LSCO, and Hg1201) both above and

below the CO transition it was shown [29] that:

(i) from data for resistivity and the Hall coefficient

it follows that at low dopants concentration (x) excita-

tions on FAs are indeed the only charge carriers (holes)

in the system;

(ii) the Hall data at higher doping x > 0.08−0.10

allow identifying the electron pocket at the Γ-point of

the Brillouin zone as a permanent feature of the PG

phase, contrary to the idea of a FS reconstruction in

the CO transition. In fact, the experimental Hall num-

bers in LSCO and YBCO owing to contributions from

a pocket of electrons dragged by the FAs holes deviate

from proportionality to x;

(iii) on lowering the temperature the holes scattering

strongly off fluctuating incommensurable charge density

waves (CDW), their mobility rapidly decreases and their

contribution to transport properties gives way to that

of electrons on the pocket.

In conclusion, it should be emphasized that the phe-

nomenological approach discussed in the present paper

provided the self-consistent interpretation of the (T, x)-
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phase diagram and of the recent transport, X-ray and

NMR data.

Full text of the paper is published in JETP Letters

journal. DOI: 10.1134/S0021364017150048
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G. Ghiringhelli, N. Barǐsić, M.K. Chan, C. J. Dorow,

G. Yu, X. Zhao, B. Keimer, and M. Greven, Nature

Commun. 5, 5875 (2014).

22. J. B. Kemper, O. Vafek, J. B. Betts, F. F. Balakirev,

W.N. Hardy, R. Liang, D.A. Bonn, and G. S. Boebinger,

Nature Phys. 12, 47 (2016).

23. L. P. Gor’kov and G.B. Teitel’baum, JETP Lett. 80,

221 (2004).

24. L. P. Gor’kov and G. B. Teitel’baum, Phys. Rev. B 72,

180511 (R) (2008).

25. L. P. Gor’kov, Phys. Rev. B 86, 060501 (2012).

26. L. P. Gor’kov, Phys. Rev. (Rapid Comm.) B 88, 041104

(2013).

27. L. P. Gor’kov and G.B. Teitel’baum, J. Phys.: Condens.

Matter 26, 042202 (2014).

28. L. P. Gor’kov, Pis’ma v ZhETF 100, 447 (2014).

29. L. P. Gor’kov and G.B. Teitel’baum, Scientific Rep. 5,

8524 (2015).

Письма в ЖЭТФ том 106 вып. 3 – 4 2017


