Pis’ma v ZhETF, vol. 123, iss. 7, pp. 497 – 498 © 2026 April 10

Quantum 3D−2D dimensional crossover in quasi-one-dimensional layered conductors

A. G. Lebed^{1)}

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

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

Submitted 9 February 2026 Resubmitted 28 February 2026 Accepted 3 March 2026

We theoretically analyze forbidden in the Fermi liquid theory magnetization of a layered quasi-one-dimensional (Q1D) conductor with open electron Fermi surfaces. We consider the most principle case, where the quasi-classical “sizes” of electron trajectories are less than the distances between conducting planes, i.e. under condition of the so-called quantum 3D → 2D dimensional crossover. We suggest to investigate experimentally the above mentioned phenomenon (which is due to the electron-electron interactions of low-dimensional electrons) in a metallic phase of the layered Q1D conductor (Per)2Au(mnt)2.

DOI: 10.7868/S3034576626040086

In layered Q1D and Q2D conductors a number of unusual phenomena is observed due to the so-called quasi-classical 3D → 2D and 3D → 1D dimensional crossovers in a magnetic field. Among them, are the Field Induced Spin (Charge) Density Waves, Lebed Magic Angles, Danner–Chaikin and Lee–Naughton– Lebed oscillations [1–4]. The main feature of the experimentally observed effects is quasi-classical nature of the corresponding dimensional crossovers, where the typical “sizes” of electron trajectories in a magnetic field are bigger than the inter-layer, d_⊥, and inter-chain, d_‖, distances:

l_⊥(H) ≫ d_⊥ (1) and l_‖(H) ≫ d_‖. (2)

Nevertheless, as was suggested by Lebed [5, 6] and Lebed and Yamaji [7], there are possible quantum 3D → 2D dimensional crossovers, characterizing by the equation l_⊥(H) ≤ d_⊥. (3)

In this case, electron wave functions are localized near conducting planes and novel phenomenon – Reentrant superconductivity – is possible [5–7]. Unfortunately, the above mentioned phenomenon has not been observed in full, although some possibility of the Reentrant superconductivity in UTe_2 have been discussed [8–10].

The goal of our Letter is to suggest another non Fermi liquid effect, which can be observed under the

1)e-mail: lebed@arizona.edu

condition of the quantum 3D → 2D dimensional crossover (3) in high parallel magnetic fields in layered quasi-one-dimensional (Q1D) conductors. We show that in this case unexpected temperature dependent magnetization appears in Q1D metal with open Fermi surfaces due to electron-electron interactions which depend on a magnetic field. It is proposed by us to be measured in the layered Q1D conductor (Per)_2Au(mnt)_2, which can be done in feasibly high magnetic fields, H ≃ 20−30 T. First, such experiments can discover the above mentioned non Fermi liquid effect, second, it would be an experimental discovery of the dimensional crossover (3).

In this Letter, we use an orthorhombic model of unit cell of a layered Q1D conductor, where its electron Fermi surface in tight binding model can be written as

ϵ^±(p) = ±v_F (p_x ∓ p_F ) + 2t_b cos(p_yb^∗) + 2t_c cos(p_z c^∗), (4) where v_F p_F ≫ t_b ≫ t_c; v_F is the Fermi velocity, p_F is the Fermi momentum; ℏ = 1; signs (+) and (−) stand for the right and left sheets of the Fermi surface, respectively. Let us study 3D → 2D dimensional crossover of Q1D spectrum (4) in the perpendicular magnetic field,

H = (0, 0, H), A = (0, Hx, 0). (5)

After application of Green’s function method [2,11] for electron-electron interactions in the magnetic (5) we obtain the following expression for extra magnetic momentum:

MH =

4g^2t^2_b p_F v_F

N(t), (6)

Письма в ЖЭТФ том 123 вып. 7 – 8 2026 497

498 A. G. Lebed

where

N(t) = t^3

∫_∞ 0 cosh(ty) sinh^3(ty) sin(y)[sin(y) − y cos(y)]. (7)

Let us calculate the integral N(t) (7) numerically. The result of such calculations is shown in Fig. 1, where (7)

Fig. 1. (Color online) Numerical calculations of the integral (7) as a function of normalized temperature, t =^{4πT}_{ωc}

is calculated as a function of normalized temperature t =^{4πT}_{ωc} . Note that magnetic moment (6) and (7) can be larger or smaller than the conventional Zeeman term,

M_0 = 2

(μ_B )^2H p_F v_F

. (8)

Let us estimate at low temperatures the suggested extra magnetic moment in terms of paramagnetic moment M_0 at H = 20 T, using Eqs. (6)–(7) and value t_b = 20 K [12]:

M = 2.5g^2M_0 ∼ M_0. (9)

The unique property of (6) and (7) is that corresponding magnetic momentum is strongly temperature dependent (see Fig. 1). The suggested effect is based on quantum nature of electrons motion in a magnetic field and, thus, it disappears at high enough temperatures, t ≥ 1.

To summarize, we suggest to measure temperature dependence of the magnetic moment in a metallic phase of the layered Q1D conductor (Per)_2[Au(mnt)_2] to discover non Fermi liquid effect, suggested in the Letter. Let us do some comments of experimental importance. The notations of the axes a and b in the above mentioned compound are different from the standard ones [1] used in the Letter. To satisfy condition of our calculation magnetic field has to be applied along c axis. Moreover, condition of the 2D crossover (see (3)) is reached at feasibly high magnetic fields,

H ≫ 10 T, (10)

where we have used for the estimations v_F = 1.7 × 10^7 cm/s and b^∗ = 16.6 × 10^{−8} cm [12].

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

Funding. This work was supported by ongoing institutional funding. No additional grants

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

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

2. L. P. Gor’kov and A. G. Lebed, “On the stability of the quasi-onedimensional metallic phase in magnetic fields against the spin density wave formation”, J. Phys. (Paris) Lett. 45, L-433 (1984).

3. M. Heritier, G. Montambaux, and P. Lederer, “Effect of high magnetic fields on the electronic structure of density-wave systems”, J. Phys. (Paris) Lett. 45, L-943 (1984).

4. P. M. Chaikin, “Magnetic-field-induced transition in quasi-two-dimensional systems”, Phys. Rev. B 31, 4770 (1985).

5. A. G. Lebed, “Reversible nature of the orbital mechanism for the suppression of superconductivity”, JETP Lett., 44, 114 (1986).

6. A. G. Lebed, “Quantum Limit in a Parallel Magnetic Field in Layered Conductors”, Phys. Rev. Lett. 95, 247003 (2005).

7. A. G. Lebed and K. Yamaji, “Restoration of superconductivity in high parallel magnetic fields in layered superconductors”, Phys. Rev. Lett. 80, 2697 (1998).

8. S. Ran, C. Eckberg, Q.-P. Ding, Y. Furukawa, T. Metz, S. R. Saha, I-L. Liu, M. Zic, H. Kim, and N. Butch, “Nearly ferromagnetic spin-triplet superconductivity”, Science 365, 684 (2019).

9. V. P. Mineev, “Reentrant Superconductivity in UTe2”, JETP Lett. 111, 715 (2020).

10. A. G. Lebed, “Restoration of superconductivity in high magnetic fields in UTe2”, Mod. Phys. Lett. B 34, 2030007 (2020).

11. A. A. Abrikosov, L. P. Gor’kov, and I. E. Dzyaloshinskii, Quantum Field Theoretical Methods in Statistical Physics (Pergamon Press, N.Y., 1965).

12. D. Graf, J. S. Brooks, E. S. Choi, M. Almeida, R. T. Henriques, J. C. Dias, and S. Uji, “Geometrical and orbital effects in a quasi-one-dimensional conductor”, Phys. Rev. B 80, 155104 (2009).

Письма в ЖЭТФ том 123 вып. 7 – 8 2026