Pis’ma v ZhETF, vol. 106, iss. 3, pp. 191 – 192 © 2017 August 10

The phenomenological view at the two-component physics of cuprates In memory of Lev Petrovich Gor’kov

G. B. Teitel’baum^{1)}

E.K. Zavoiskii Institute for Technical Physics of the RAS, 420029 Kazan, Russia

Submitted 28 June 2017

DOI: 10.7868/S0370274X17150127

Currently there exist compelling experimental evidences that the high T_c-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 Cu^{2+} ions as the driving mechanism. The electro-neutrality that otherwise would be violated by the presence of immobile Sr-charges was expected to severely restrict sizes of AFM islands, thus resulting 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 socalled “stripes”: charged incommensurate antiferromagnetic structures. Experimentally such stripe structures were observed by inelastic neutron scattering [3] which reveal the dynamical character of stripes’ formation at temperatures above T_c 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 indicates 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 spectrum in the pseudogap phase from which superconductivity evolves.

We address details of the electronic spectrum in the pseudogap (PG) phase critical for understanding mechanisms of high-temperature superconductivity (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-

1)e-mail: grteit@kfti.knc.ru

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 contribution into the specific heat deep in the SC phase of YBCO observed in [11, 22] contradicts the reconstruction 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 electron pockets.

The main part of our short review is devoted to publications [6, 7, 23–29] in which a phenomenological approach 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) excitations 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 numbers 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 phenomenological approach discussed in the present paper provided the self-consistent interpretation of the (T, x)-

Письма в ЖЭТФ том 106 вып. 3 – 4 2017 191

192 G. B. Teitel’baum

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

1. L. P. Gor’kov and A. V. Sokol, JETP Lett. 46, 420 (1987).

2. J. Zaanen and O. Gunnarson, Phys. Rev. B 40, 7391 (1989).

3. S. W. Cheong, G. Aeppli, Mason, H. Mook, S. M. Hayden, P. C. Canfield, Z. Fisk, K. N. Clausen, and J. L. Martinez, Phys. Rev. Lett. 67, 1791 (1991).

4. A. Bianconi and M. Missori, J. Phys. I (France) 4, 361 (1994).

5. J. M. Tranquada, B. J. Sternlieb, J. D. Axe, Y. Nakamura, and S. Uchida, Nature 375, 561 (1995).

6. L. P. Gor’kov and G. B. Teitel’baum, Phys. Rev. Lett.

97, 247003 (2006).

7. L. P. Gor’kov and G. B. Teitel’baum, J. of Phys.: Conf.

Series 108, 012009 (2008).

8. T. Yoshida, , M. Hashimoto, I. M. Vishik, Z.-X. Shen, and A. Fujimori, J. Phys. Soc. Jpn. 81, 011006 (2012).

9. T. Yoshida, X. J. Zhou, K. Tanaka, W. L. Yang, Z. Hussain, Z.-X. Shen, A. Fujimori, S. Sahrakorpi, M. Lindroos, R. S. Markiewicz, A. Bansil, S. Komiya, Y. Ando, H. Eisaki, T. Kakeshita, and S. Uchida, Phys. Rev. B 74, 224510 (2006).

10. N. Doiron-Leyraud, C. Proust, D. LeBoeuf, J. Levallois, J.-B. Bonnemaison, R. Liang, D. A. Bonn, W. N. Hardy, and L. Taillefer, Nature 447, 565 (2007).

11. S. C. Riggs, O. Vafek, J. B. Kemper, J. B. Betts, A. Migliori, F. F. Balakirev, W. N. Hardy, R. Liang, D. A. Bonn, and G. S. Boebinger, Nature Phys. 7, 332 (2011).

12. B. Vignolle, D. Vignolles, D. LeBoeuf, S. Lepault, B. J. Ramshaw, R. Liang, D. A. Bonn, W. N. Hardy, N. Doiron-Leyrau, A. Carrington, N. E. Hussey, and L. Taillefer, Comptes Rendus Physique 12(5), 446 (2011).

13. L. J. Taillefer, Phys.: Condens. Matter 21, 164212 (2009).

14. S. E. Sebastian et al., Nature 511, 61 (2014). 15. J. Chang, E. Blackburn, A. T. Holmes, N. B. Christensen, J. Larsen, J. Mesot, R. Liang, D. A. Bonn, W. N. Hardy, A. Watenphul, M. v. Zimmermann,

E. M. Forgan, and S. M. Hayden, Nature Phys. 8, 871 (2012).

16. G. Ghiringhelli, M. Le Tacon, M. Minola, S. Blanco- Canosa, C. Mazzoli, N. B. Brookes, G. M. De Luca, A. Frano, D. G. Hawthorn, F. He, T. Loew, M. Moretti Sala, D. C. Peets, M. Salluzzo, E. Schierle, R. Sutarto, G. A. Sawatzky, E. Weschke, B. Keimer, and L. Braicovich, Science 337, 821 (2012).

17. E. Blackburn, J. Chang, A. Said, B. Leu, R. Liang, D. A. Bonn, W. N. Hardy, E. Forgan, and S. M. Hayden, Phys. Rev. B 88, 054506 (2013).

18. E. Blackburn, J. Chang, M. Hücker, A. T. Holmes, N. B. Christensen, R. Liang, D. A. Bonn, W. N. Hardy, U. Rütt, O. Gutowski, M. v. Zimmermann, E. M. Forgan, and S. M. Hayden, Phys. Rev. Lett. 110, 137004 (2013).

19. D. LeBoeuf, N. Doiron-Leyraud, B. Vignolle, M. Sutherland, B. J. Ramshaw, J. Levallois, R. Daou, F. Lalibertè, O. Cyr-Choinière, J. Chang, Y. J. Jo, L. Balicas, R. Liang, D. A. Bonn, W. N. Hardy, C. Proust, and L. Taillefer, Phys. Rev. B 83, 054506 (2011).

20. N. Doiron-Leyraud, S. Lepault, O. Cyr-Choiniere, B. Vignolle, G. Grissonnanche, F. Lalibertè, J. Chang, N. Bariši – c, M. K. Chan, L. Ji, X. Zhao, Y. Li, M. Greven, C. Proust, and L. Taillefer, Phys. Rev. X 3, 021019 (2013).

21. W. Tabis, Y. Li, M. Le Tacon, L. Braicovich, A. Kreyssig, M. Minola, G. Dellea, E. Weschke, M. J. Veit, M. Ramazanoglu, A. I. Goldman, T. Schmitt, G. Ghiringhelli, N. Barišić, 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