Pis’ma v ZhETF, vol. 106, iss. 4, pp. 252 – 253 © 2017 August 25

Mesoscopic fluctuations of the local density of states in interacting electron systems

I. S. Burmistrov^{a1)}, I. V. Gornyi^{b,c,d}, A. D. Mirlin^{b,d,e}

aL.D. Landau Institute for Theoretical Physics RAS, 119334 Moscow, Russia

bInstitut für Nanotechnologie, Karlsruhe Institute of Technology, 76021 Karlsruhe, Germany

cA.F. Ioffe Physico-Technical Institute, 194021 St. Petersburg, Russia

dInstitut für Theorie der kondensierten Materie, Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany

ePetersburg Nuclear Physics Institute, 188300 St. Petersburg, Russia

Submitted 12 July 2017

DOI: 10.7868/S0370274X17160135

In this paper, we review our recent results for mesoscopic fluctuations of the local density of states, ρ(E), in the presence of electron-electron interaction [1–4]. Specifically, we focus on two cases: (i) a vicinity of Anderson–Mott transition and (ii) vicinity of the noninteracting critical point in the presence of a weak electron-electron attraction.

For Mott–Anderson transition we demonstrate that the strong mesoscopic fluctuations (multifractality) of the local density of states survive in the presence of electron-electron interaction. Within two-loop expansion in disorder we check that the multifractal spectrum in the presence of interaction is different from the multifractal spectrum known in the absence of interaction. In addition, we find that in some cases on the insulating side of Anderson–Mott transition the mobility edge for single particle excitations can exist (see Fig. 1a). The mobility edge has a nontrivial scaling with the distance from the interacting critical point: E_c ∼ (t − t_∗)^{νz}. Here t denotes dimensionless resistance, ν and z stand for the correlation length and dynamical exponents in the interacting critical point t = t_∗, respectively.

For the case of vicinity of the non-interacting critical point in the presence of weak electron-electron attraction γ < 0 (see Fig. 1b) we found enhancement of mesoscopic fluctuations at temperatures close to the superconducting transition temperature T^∗_c ∼ |γ|^{d/|Δn2 |}. Here d denotes the spatial dimension and Δ^n_2 stands for the multifractal exponent at the noninteracting critical point. At high temperatures the mesoscopic fluctuations of ρ(E) are the same as in the non-interacting case.

The predicted strong mesoscopic fluctuations of local density of states imply strong point-to-point fluctuations of tunneling spectra which can be measured

1)e-mail: burmi@itp.ac.ru.

in scanning tunneling microscopy experiments. We note that our theoretical results are consistent with available data on scanning tunneling microscopy in disordered interacting systems, in particular, for a strongly disordered 3D system [5], for various 2D semiconductor systems and graphene [6–9], for a magnetic semiconductor Ga_{1−x}Mn_xAs near metal-insulator transition [10], for metallic and insulating phases near superconductorinsulator transition in TiN, InO, and NbN films [11–16].

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017160019

1. I. S. Burmistrov, I. V. Gornyi, and A. D. Mirlin, Phys.

Rev. Lett. 111, 066601 (2013).

2. I. S. Burmistrov, I. V. Gornyi, and A. D. Mirlin, Phys.

Rev. B 89, 035430 (2014).

3. I. S. Burmistrov, I. V. Gornyi, and A. D. Mirlin, Phys.

Rev. B 91, 085427 (2015).

4. I. S. Burmistrov, I. V. Gornyi, and A. D. Mirlin, Phys.

Rev. B 93, 205432 (2016).

5. M. Morgenstern, D. Haude, J. Klijn, and R. Wiesendanger, Phys. Rev. B 66, 121102(R) (2002).

6. K. Hashimoto, C. Sohrmann, J. Wiebe, T. Inaoka, F. Meier, Y. Hirayama, R. A. Römer, R. Wiesendanger, and M. Morgenstern, Phys. Rev. Lett. 101, 256802 (2008).

7. S. Becker, C. Karrasch, T. Mashoff, M. Pratzer, M. Liebmann, V. Meden, and M. Morgenstern, Phys. Rev. Lett. 106, 156805 (2011).

8. M. Morgenstern, Phys. Stat. Sol. 248, 2423 (2011). 9. M. Morgenstern, A. Georgi, S. Straßer, C. R. Ast, S. Becker, and M. Liebmann, Physica E 44, 1795 (2012).

10. A. Richardella, P. Roushan, S. Mack, B. Zhou, D. A. Huse, D. D. Awshalom, and A. Yazdani, Science 327, 665 (2010).

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

Mesoscopic fluctuations of the local density of states in interacting electron systems 253

Fig. 1. (Color online) (a) – Sketch of the phase diagram in the energy (E) vs disorder (t) plane. The interacting critical point is situated at t = t∗ and zero energy, E = 0. The dashed yellow curves separate critical regime on metallic side. The solid yellow curves correspond to the mobility edge E = ±Ec. The colour scheme indicates value of the ratio ⟨ρ^2(E)⟩/⟨ρ(E)⟩^2 in different parts of the phase diagram. (b) – Sketch of the phase diagram in disorder (t) and interaction (|γ|) plane near the superconductor-insulator transition. The solid black curve denotes the transition. The dashed black curve corresponds to the condition T^∗_c ∼ δ_ξ and indicates the critical region. The red solid curve illustrates the dependence of the superconducting transition temperature on the distance from the critical point

11. B. Sacépé, C. Chapelier, T. I. Baturina, V. M. Vinokur,

M. R. Baklanov, and M. Sanquer, Phys. Rev. Lett. 101, 157006 (2008).

12. B. Sacépé, C. Chapelier, T. I. Baturina, V. M. Vinokur,

M. R. Baklanov, and M. Sanquer, Nat. Commun. 1, 140 (2010).

13. B. Sacépé, Th. Dubouchet, C. Chapelier, M. Sanquer,

M. Ovadia, D. Shahar, M. Feigel’man, and L. Ioffe, Nat. Phys. 7, 239 (2011).

14. D. Sherman, B. Gorshunov, S. Poran, N. Trivedi, E. Farber, M. Dressel, and A. Frydman, Phys. Rev. B 89, 035149 (2014).

15. M. Mondal, A. Kamlapure, M. Chand, G. Saraswat, S. Kumar, J. Jesudasan, L. Benfatto, V. Tripathi, and P. Raychaudhuri, Phys. Rev. Lett. 106, 047001 (2011).

16. Y. Noat, V. Cherkez, C. Brun, T. Cren, C. Carbillet, F. Debontridder, K. Ilin, M. Siegel, A. Semenov, H.- W. Hübers, and D. Roditchev, Phys. Rev. B 88, 014503 (2013).

Письма в ЖЭТФ том 106 вып. 3 – 4 2017