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– The Lipkin-Meshkov-Glick model is a model of N identical 
spins with all-to-all interaction. By adding individual and/or 
collective decay, a dissipative phase transition occurs as a 
function of interaction and decay rates.

– Previous results for two-level spins have shown a second-
order phase transition for individual decay [1,2] and a first-
order phase transition for collective decay [2].

– For multilevel spins: very similar behaviour if dissipator is a 
spin ladder operator, but richer phenomenology if decay 
rates are identical among all adjacent levels.

– Entanglement negativity is maximal at phase transition and 
depends on the nature of the dissipator.

Dissipative Lipkin-Meshkov-Glick Model for Multilevel Systems
‒ N spins of length            , local spin operators 

‒ Hamiltonian in terms of collective operators 

‒ Dissipators:
● Individual:

● Collective: 

‒ Lindblad master equation:
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Mean-Field Dynamics for Multilevel Systems Entanglement Across the Phase Transition
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Only Collective Dissipation Nonvanishing Individual Dissipation

Compare T. E. Lee, C.-K. Chan, and S. F. Yelin, Phys. Rev. A 90, 052109 (2014).

‒ Oscillatory phase with                                        for 
spin-polarized phase                             for 

‒ First-order phase transition: Discontinuity in ⟨ J z ⟩ .

‒ Two phases of well-defined steady-state spin for                         and

                                                                                           and

‒ Second-order phase transition: No discontinuity in               but in its derivative.⟨ J x , y , z ⟩ ,

⟨ X ⟩t≠0 , ⟨Y ⟩t≠0 , ⟨ Z ⟩t=0

Dynamics for Only Collective Dissipation
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