Pis’ma v ZhETF, vol. 121, iss. 6, pp. 481 – 483 © 2025 March 25

Non Fermi-Liquid magnetoresistance oscillations in quasi-one-dimensional conductors

A. G. Lebed^{1)}

Department of Physics, University of Arizona, 1118 E. 4-th Street, Tucson, AZ 85721, USA

L. D. Landau Institute for Theoretical Physics, Russian Academy of Sciences, 117334 Moscow, Russia

Submitted 26 November 2024 Resubmitted 8 February 2025 Accepted 9 February 2025

We theoretically demonstrate that strong non Fermi-liquid magnetic oscillations of electron–electron scattering time can exist in quasi-one-dimensional conductors under condition of the magnetic breakdown between two open electron orbits. They are shown to be due to electron–electron interactions in a metallic phase under condition of the magnetic breakdown and they are beyond the Fermi-liquid theory. In particular, we consider as example the organic conductor (TMTSF)2 ClO4 and perform both analytical and numerical calculations for its known electron spectrum. We also argue that similar oscillations of resistivity can exist in a metallic phase of another quasi-one-dimensional organic conductor – (Per)2Au(mnt)2.

DOI: 10.31857/S0370274X25030197, EDN: UTIEMC

Quasi-one-dimensional (Q1D) layered organic conductors exhibit very rich and unusual properties in a magnetic field both in their Field-Induced Spin(Charge)-Density-Wave (FIS(C)DW) and metallic phases (for a review, see book [1]). Among them, the conductors (TMTSF)_2ClO_4 and (TMTSF)_2PF_6 demonstrate the existence of the so-called Rapid Magnetic Oscillations (RMO). It is important that in (TMTSF)_2PF_6 the RMO exist only in FISDW phase [2–5], whereas in the (TMTSF)_2ClO_4 they are observed both in FISDW and metallic phases [6–11] (see recent [11] and references therein). Yan et al. [7] first related the appearance of the RMO in the (TMTSF)_2ClO_4 to the existence of the so-called interference breakdown electron orbits [12, 13] in the (TMTSF)_2ClO_4. Theory of the RMO in the FISDW phase was successfully created [14–17] by using the above mentioned idea. Yan et al. [7] also related the experimentally observed RMO in a metallic phase along y axis to one-body effect – the so-called Stark interference between the interference electron orbits. On the other hand, it was stressed [18], that the RMO in resistivity along the conducting chains in a metallic phase of the organic conductor (TMTSF)_2ClO_4 cannot be explained just by one-body magnetic breakdown through the interference trajectories since the magnetic breakdown happened in the perpendicular to the chain direction. It was suggested [18] that non Fermi-liquid

1)e-mail: lebed@arizona.edu

oscillations of the Umklapp electron–electron scattering time under condition of the magnetic breakdown could, in principal, explain the experimental observations. As to Q1D conductor (TMTSF)_2PF_6, which doesn’t exhibit the magnetic breakdown, RMO in its FISDW have different physical origin and may be explain in terms of the coexistence of two FISDW’s [2–5, 19]. It is important that this second type of the RMO is also discovered in FISDW phase of (TMTSF)_2ClO_4 [20].

The goal of our Letter is to make the exotic suggestion of [18] more realistic and more suitable for its comparison with the existing experiments [6–11] as well as for the possible future experiments. First of all, here we consider the realistic Q1D spectrum of the (TMTSF)_2ClO_4, instead of 2D spectrum of [18]. In addition we perform numerical calculations of the obtained results, instead of very rough estimations done in [18]. Our conclusion is that non Fermi-liquid oscillations of electron–electron scattering time can account for the RMO observed in a metallic phase, although further experiments are needed. We also suggest another candidate for discovery of non Fermi-liquid oscillations of longitudinal resistivity under the condition of the magnetic breakdown – Q1D organic conductor (Per)_2Au(mnt)_2 under pressure in a metallic phase [21].

Let us consider Q1D electron spectrum of the organic conductors (TMTSF)_2ClO_4 in the presence of the so-called anion ordering gap. It can be written in tightbinding orthorhombic model as [1]

Письма в ЖЭТФ том 121 вып. 5 – 6 2025 481

482 A. G. Lebed

ϵ^±_n (p) = ±v_F (p_x ∓ p_F ) + (−1)^n √ [2t_b cos(p_yb^∗)]^2 + □^2 +

+ 2t_c cos(p_zc^∗), n = 1, 2, (1)

where p_F ‖ x, b^∗ ‖ y, and c^∗ ‖ z; v_F p_F ≫ t_b ≫ ≫ t_c, □ ≪ 2t_b. It is important that the Eq. (1) corresponds to the experimental situation in the conductor (TMTSF)_2ClO_4 at ambient pressure.

At high magnetic fields, the magnetic breakdown phenomenon through the anion gap, □, occurs between two open sheets of the Fermi surfaces denoted by n = 1 and n = 2 in Eq. (1).

By means of variational principle for Boltzmann kinetic equation for electron–electron scattering, we obtain for the resistivity along the conducting chains [18]:

ρ(H) ∼ 1 τ (H) = g^2T

∫_∞ −∞ dx 2πT/v_F sinh^2(2πT x/v_F ) × × [ 2πT |x|/v_F exp(4πT |x|/v_F ) − 1 + 2πT |x|/v_F − 1 2 ] × × ∫_π −π dϕ_1 2π ∫_π −π dϕ_2 2π J^2_0 [(4t_cx/v_F ) sin(ϕ_1)]× × { J^2_0 [ 2λ sin ( ω_bx 2v_F ) sin(ϕ_2) ] cos^4 ( □^∗x v_F ) + + J^2_0 [ 2λ cos ( ω_bx 2v_F ) cos(ϕ_2) ] sin^4 ( □^∗x v_F )} . (2)

We stress that in [18] the magnetoresistance was very roughly estimated in the absence of J^2_0 [(4t_cx/v_F ) sin(ϕ_1)] term in Eq. (2) (i.e., in the absence of electron energy dependence along z axis). Here we evaluate the entire integral (2) numerically in the interval of magnetic fields of 40–75 T, which are much higher than the breakdown magnetic field, experimentally estimated as 10–15 T [6–9]. For numeric calculations of Eq. (2), we use the following values of the parameters: t_b = 200 K, t_c = 5 K, □ = 50 K, v_F = 2 × 10^7 cm/s, b^∗ = 7.7 Å, c^∗ = 13.6 Å [1]. We perform calculations for high enough temperature T = 10 K, which corresponds to stabilization of a metallic phase in (TMTSF)_2ClO_4 [6–11]. As seen from Fig. 1, relatively large magnetoresistance oscillations, δρ ρ ≥ 10^{−2}, (3)

can, indeed, exist in high magnetic fields in (TMTSF)_2ClO_4 organic conductor.

The author is thankful to N. N. Bagmet (Lebed) for useful discussions.

Funding. This work was supported by ongoing institutional funding. No additional grants to carry out or direct this particular research were obtained.

Fig. 1. (Color online) Numerically calculated resistivity, including resistivity oscillations, along the conduction chains is shown (see Eq. (2))

Conflict of interest. The author of this work declares that he has no conflicts of interest.

1. A. G. Lebed (editor), The Physics of Organic Superconductors and Conductors, Springer-Verlag, Berlin (2008).

2. A. V. Kornilov, V. M. Pudalov, A.-K. Klehe, A. Ardavan, J. S. Qualls, and J. Singleton, Phys. Rev. B 76, 045109 (2007).

3. A. V. Kornilov, V. M. Pudalov, A.-K. Klehe, A. Ardavan, and J. S. Qualls, JETP Lett. 84, 628 (2006).

4. A. V. Kornilov, V. M. Pudalov, K. Ishida, T. Mito, and J. S. Qualls, JETP Lett. 86, 683 (2007).

5. A. V. Kornilov, V. M. Pudalov, A.-K. Klehe, A. Ardavan, J. S. Qualls, and J. Singleton, J. Low Temp. Phys. 142, 309 (2006).

6. X. Yan, M. J. Naughton, R. V. Chamberlin, S. Y. Hsu, L. Y. Chiang, J. S. Brooks, and P. M. Chaikin, Phys. Rev. B 36, 1799(R) (1987).

7. X. Yan, M. J. Naughton, R. V. Chamberlin, L. Y. Chiang, S. Y. Hsu, and P. M. Chaikin, Synth. Met. 27, B145 (1988).

8. M. J. Naughton, R. V. Chamberlin, X. Yan, S.-Y. Hsu, L. Y. Chiang, M. Ya. Azbel, and P. M. Chaikin, Phys. Rev. Lett. 61, 621 (1988).

9. S. Uji, J. S. Brooks, S. Takasaki, J. Yamada, and H. Anzai, Sol. State Comm. 103, 387 (1997).

10. S. Uji, T. Terashima, H. Aoki, J. S. Brooks, M. Tokumoto, S. Takasaki, J. Yamada, and H. Anzai, Phys. Rev. B 53, 1433 (1996).

11. S. Uji, M. Kimata, S. Moriyama, J. Yamada, D. Graf, and J. S. Brooks, Phys. Rev. Lett. 105, 267201 (2010).

12. R. W. Stark and C. B. Friedberg, J. Low Temp. Phys.

14, 111 (1974).

13. D. Schoenberg, Magnetic Oscillations in Metals, Cambridge University Press, Cambridge (1984).

14. A. G. Lebed and P. Bak, Phys. Rev. B 40, 11433 (1989). 15. T. Osada, S. Kagoshima, and N. Miura, Phys. Rev. Lett.

69, 1117 (1992).

Письма в ЖЭТФ том 121 вып. 5 – 6 2025

Non Fermi-Liquid magnetoresistance oscillations. . . 483

16. L. P. Gorkov and A. G. Lebed, Phys. Rev. B 51, 1362 (1995).

17. A. G. Lebed, Phys. Rev. B 55, 1299 (1997). 18. A. G. Lebed, Phys. Rev. Lett. 74, 4903 (1995). 19. A. G. Lebed, Phys. Scr. 39, 386 (1991).

20. O.-H. Chung, W. Kang, D. L. Kim, and C. H. Choi, Phys. Rev. B 55, 1299 (1997).

21. D. Graf, J. S. Brooks, E. S. Choi, M. Almeida, R. T. Henriques, J. C. Dias, and S. Uji, Phys. Rev. B 75, 245101 (2007).

Письма в ЖЭТФ том 121 вып. 5 – 6 2025