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In short: 

Saying goodbye to the usual

thermodynamic variables.

Example:

Prospect:

Create novel phases of 

matter

Out-of-Equilibrium Quantum Matter
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What does “Out-of-

Equilibrium” Mean?

Investigate phase 

transitions of a 

magnetic quantum dot 

in a transport setup

This project:

[2] Walldorf, N. (2020). PHD Thesis, Department of Physics, TU Denmark 

What is Quantum 

Matter?

❑ Can only be described by 

quantum mechanics

❑ Technologically relevant

[1] Credit: Osaka University

[1]

Quantum Dots: Spintronics, 

Quantum Computing, Sensing

[2]
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The Model
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❑ Lipkin-Meshkov-Glick (LMG) model:

Phase transition in 𝝓𝒙 = 𝑺𝒙 /𝑵 at 𝑻 = 𝟎 and finite temperature

❑ Full model (dot+leads):
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This Project
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The model: Methods:

Objectives: Big Picture:

Out-of-equilibrium quantum field theory: 

Keldysh formalism

❑ Establish Non-Equilibrium Phase 

Diagram for the LMG model

❑ Derive effective theory near the transition

Extend the theoretical framework of out-

of-equilibrium phase transitions

Advance understanding of quantum 

materials and their manipulation
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Preliminary Results
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Effective Bosonic Action:

Mean-field self-consistent 

equation:

Next steps:

Classify stability of solutions to 

arrive at phase diagram



Thank you for your attention!
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