Pis’ma v ZhETF, vol. 123, iss. 5, pp. 376 – 377 © 2026 March 10

Free Fock parafermions in the tight-binding model with dissipation

A. S. Mastiukova^{+∗×1)}, D. V. Kurlov^{+×}, V. Gritsev^{+∘}, A. K. Fedorov^{+×}

+Russian Quantum Center, Skolkovo, 143025 Moscow, Russia

∗Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia

×National University of Science and Technology “MISIS”, 119049 Moscow, Russia

∘Institute for Theoretical Physics Amsterdam, Universiteit van Amsterdam, Amsterdam 1098 XH, The Netherlands

Submitted 20 August 2025 Resubmitted 20 January 2026 Accepted 2 February 2026

Parafermions that generalize (Majorana or usual) fermions appear as interacting quasi-particles because of their nature. Although attempts to develop models with free (non-interacting) parafermions have been undertaken, existing proposals require unphysical conditions such as realizing purely non-Hermitian systems. Here we present a way for the realization of free Fock parafermions in the tight-binding model with controlled dissipation of a very simple form. Introducing dissipation transforms an originally non-integrable quantum model to an exactly solvable classical one.

DOI: 10.7868/S3034576626030094

We consider a one-dimensional Z_n Fock-parafermion (FPF) tight-binding chain. FPFs generalize complex fermions by enlarging the on-site Hilbert space to n states |m⟩ (m = 0, . . . , n − 1), so that one may have up to n − 1 identical particles in the same local state [1]. Their algebra includes nilpotency and generalized exchange statistics, which for j ≠ ℓ can be summarized as (F^†_j )^n = F^n_j = 0, (1)

F_j F_ℓ = ω^{sgn(ℓ−j)}F_ℓF_j ,

F^†_j F_ℓ = ω^{−sgn(ℓ−j)}F_ℓF^†_j , ω = e^{2πi/n}. (2)

Because Fourier modes do not satisfy the same algebra, even quadratic hopping Hamiltonians do not diagonalize in momentum space: different momenta remain coupled and the model is intrinsically interacting and nonintegrable [2]. The central goal of this work is to show that free (non-interacting) Fock parafermions can nevertheless emerge in a physically realistic setting when one treats the system as open and engineers dissipation in a controlled way.

The coherent dynamics is described by an L-site open chain with multi-particle hopping processes (1 ≤

1)e-mail: a.mastiukova@rqc.ru

≤ m ≤ n − 1) and occupation-dependent chemical potentials:

H = − n−1∑ m=1 L−1∑ j=1 [ α_m(F^†_j )^mF^m_{j+1} + H.c. ] −

− n−1∑ m=1 μ_m L∑ j=1 (F^†_j )^mF^m_j . (3)

We couple the chain to a Markovian bath and use the Lindblad master equation ∂_tρ = Lρ, with the effective non-Hermitian Hamiltonian

H_{eff} = H − i 2 ∑ j,m γ_m ( L^{(m)}_j

)_† L^{(m)}_j , (4)

and (quasi)local link-loss jump operators acting on bonds (j, j + 1),

L^{(m)}_j = F^m_j + Δ_mF^m_{j+1}, 1 ≤ m ≤ n − 1, (5)

where γ_m > 0 are dissipation rates and Δ_m ≠ 0 are complex control parameters. Such local dissipators are natural targets for reservoir-engineering methods developed in quantum optics and programmable quantum simulators [3, 4].

The key observation is that tuning the coherent couplings to match the dissipative ones,

α_m = i 2 γ_m Δ_m, (6)

376 Письма в ЖЭТФ том 123 вып. 5 – 6 2026

Free Fock parafermions in the tight-binding model with dissipation 377

produces a drastic simplification: in the natural Fock basis {|m_1, . . . , m_L⟩, 0 ≤ m_j ≤ n − 1} the operator H_{eff} becomes lower-triangular. Physically, the dissipative contribution in Eq. (4) cancels the Hermitianconjugate part of the Baxter-like hopping term, leaving only strictly off-diagonal hopping plus diagonal onsite terms. Therefore, the spectrum can be obtained in closed form. For any configuration |m_1, . . . , m_L⟩ one finds

H_{eff} |m_1, . . . , m_L⟩ = E_{m1 ,...,mL} |m_1, . . . , m_L⟩, (7)

with

E_{m1,...,mL} = − L∑ j=1 m_j∑

p=1 ( μ_p + i 2 Γ^{(p)}_j ) . (8)

Here Γ^{(p)}_j are site-dependent decay coefficients fixed by γ_p and |Δ_p|^2 (with boundary modifications). The energies are generally complex because H_{eff} is neither Hermitian nor PT -symmetric [5]. Crucially, Eq. (8) is additive in single-particle contributions, i.e., it has the defining free-particle structure for Fock parafermions. This provides a physically consistent counterpart of earlier purely non-Hermitian constructions of free parafermions such as the Baxter Z_n Hamiltonian [6, 7].

Moreover, the same additivity persists for the full Liouvillian spectrum. The Hamiltonian (3) conserves total particle number N = ∑ j N_j , the jump operators (5) implement pure losses, and they satisfy the dynamicalalgebra relation [L^{(m)}_j , N] = L^{(m)}_j ; under these conditions, the Liouvillian spectrum is completely determined by H_{eff} [8]. One obtains

λ_{m,p} = −i (E_m − E^∗_p ), (9)

where E_m and E_p are given by Eq. (8). For generic γ_1 ≠ 0, all non-steady modes have strictly negative real parts and the unique steady state is the vacuum. In contrast, if single- particle hopping and loss are forbidden (α_1 = 0 and γ_1 = 0), then all states with at most one FPF per site are annihilated by the remaining m ≥ 2 loss operators and form a large decoherence-free (dark) subspace of dimension 2^L − 1.

In summary, controlled dissipation acts here as a practical “solvability knob”: it maps an interacting, nonintegrable anyonic tight-binding model to an exactly solvable open system whose spectra, Eqs. (8) and (9), exhibit a free Fock-parafermion structure.

Funding. This work is supported by the Russian Science Foundation # 20-42-05002. The work by A. S. Mastiukova is also supported by Scholarship of Russian Federation President (# SP-1351.2022.5). The work by V. Gritsev is part of the DeltaITP consortium, a program of the Netherlands Organization for Scientific Research (NWO) funded by the Dutch Ministry of Education, Culture and Science (OCW).

Conflict of interest. The authors of this work declare that they have no conflicts of interest.

1. E. Cobanera and G. Ortiz, “Fock parafermions and selfdual representations of the braid group”, Phys. Rev. A 89, 012328 (2014).

2. D. Rossini, M. Carrega, C. Strinati, and L. Mazza, “Anyonic tight-binding models of parafermions and of fractionalized fermions”, Phys. Rev. B 99, 085113 (2019).

3. J. Dalibard, Y. Castin, and K. Mølmer, “Wave-function approach to dissipative processes in quantum optics”, Phys. Rev. Lett. 68, 580 (1992).

4. M. B. Plenio and P. L. Knight, “The quantum-jump approach to dissipative dynamics in quantum optics”, Rev. Mod. Phys. 70, 101 (1998).

5. R. El-Ganainy, K. G. Makris, M. Khajavikhan, Z. H. Musslimani, S. Rotter, and D. N. Christodoulides, “Non-Hermitian physics and PT symmetry”, Nature Phys. 14, 11 (2018).

6. R. J. Baxter, “A simple solvable Zn Hamiltonian”, Phys.

Lett. A 140, 155 (1989).

7. P. Fendley, “Free parafermions”, J. Phys. A: Math.

Theor. 47, 075001 (2014).

8. J. M. Torres, “Closed-form solution of Lindblad master equations without gain”, Phys. Rev. A 89, 052133 (2014).

Письма в ЖЭТФ том 123 вып. 5 – 6 2026