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Fermi surface ‘“the face of metal”

» quantum oscillation » charge- (spin-) density wave state
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Fermi surface ‘“the face of metal”

» superconductivity

Cooper pair with zero center-of-mass momentum

BCS state Bardeen, Cooper, and Schrieffer (1957)

Cooper pair with finite center-of-mass momentum

FF(LO) state Fulde and Ferrell (1964), Larkin and Ovchinnikov (1965)




Control of Fermi surfaces

change a structure/topology of a Fermi surface
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phase transitions trigged by changes in the topology

of Fermi surfaces
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Fermi surface

occupied

» Laser (non-equilibrium)

T4— MoTe,

Theory : time-dependent self-consistent Hubbard U calculations
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time-resolved multidimensional photoemission spectroscopy
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Driven-dissipative Fermi gas

Leny pumping = decay
bath (L) bath (R)

non-equilibrium steady state

» driven-dissipative Josephson junction array

J J JN) J(N) J

“

R. Labouvie, B. Santra, S. Heun, and H. Ott
Phys. Rev. Lett 116, 235302 (2016)

Y

» extension of the two-terminal configuration

main

S. Krinner, D. Stadler, D. Husmann, J. P. Brantut, and T. Esslinger, Nature 517, 64 (2015).

Cooper pairs associated with “effective Fermi surface”

Si//’//

Cooper pairs with finite center-of-mass momentum

Fulde—Ferrell (FF) state

» metallic superconductivity under an external magnetic field
» spin-polarized Fermi gas

» color superconductivity in quantum chromodynamics



Driven-dissipative Fermi gas

non-equilibrium FF state

conventional FF state (equilibrium)

Afp




Driven-dissipative Fermi gas

non-equilibrium FF state

conventional FF state (equilibrium)

Afp
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Model Hamiltonian

» environment temperature 7,

» chemical potential bias ou

» dissipation strength y = zN,p| A k

Tenv
bath (L)

Htot — Hsys =+ Henv - Hmix
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o =1T,]| pseudo-spin of atoms

annihilation operator of
a fermion 1n the main system

annihilation operator of
a fermion 1n the reservoir



Model Hamiltonian

Tenv
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» chemical potential bias ou
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Non-equilibrium superfluid phase (NESS: non-equilibrium steady state)

steady-state ansatz  A(r,t) = A !Q T =21t

Fulde-Ferrell type order parameter

Nambu lesser Green’s function

- diagonal component
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» interaction effect » environment effect
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equations determining NESS solutions

» NESS gap equation A =U Z (a—prapt)
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Non-equilibrium supertluid phase (NESS
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Non-equilibrium superfluid phase (stability analysis)
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Summary

» We theoretically propose an 1dea to process the structure of a Fermi surface (FS) with reservoirs so as to be suitable

for the state which we want to realize.
» As an application of the FS reservoir-engineering, we have considered the driven-dissipative non-equilibrium Fermi gas.

» The “two effective FSs” processed by the FS reservoir-engineering are found to really work like two FSs and stabilize

the exotic superfluid states, where the Cooper pair has a finite center-of-mass momentum.


Taira Kawamura


