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Interplaying collective fluctuations
• A hallmark of materials with strong electronic Coulomb correlations : 

Rich phase diagrams exhibiting various kinds of ordering phenomena


• WANTED: Efficient approaches to describe interplaying collective fluctuations
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Interplaying collective fluctuations

• Model for interplaying collective fluctuations in a fermionic system: 
Extended Hubbard model


• Competing local on-site  and nearest neighbour non-local  
              

 = hopping,  = local on-site interaction,  = non-local nearest-neighbour interaction

U V
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Collective ordering

AFM CDW

AFM = Antiferromagnetism

CDW = Charge density wave
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Multi-Channel Fluctuating Field theory

Action of a correlated 
quantum lattice system 

Unfeasible to solve exactly

Trial action incorporating leading 
collective fluctuations 

Exactly solvable

Variational optimisation

• Fluctuating (local) field (FF) : Variational construction of a trial system 
allowing for a cheap non-perturbative treatment of the spin channel 
A. N. Rubtsov, PRE 97, 052120 (2018) 
A. N. Rubtsov, E. A. Stepanov, and A. I. Lichtenstein, PRB 102, 224423 (2020)


• Here: Development of a multi-channel generalisation of the FF 
approach in order to study interplaying collective fluctuations  
EL, A. I. Lichtenstein, S. Biermann and E. A. Stepanov, arXiv:2210.05540 (2022)

A. N. Rubtsov, et. al., PRB 102 224423 (2020)



Variational optimisation
Action construction of the extended Hubbard model: 

 

Inverse temperature       Number of sites      Inverse bare Green’s function  
Bare dispersion       Chemical potential       Non-local interaction 
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Variational optimisation

Multi-channel fluctuating field trial action: 

 

Collective CDW/AFM/s-SC fluctuations are incorporated with  [  = charge,  = spin,  = -wave SC] for a 
given ordering vector  [e.g.  for CDW, AFM and s-SC, and  for PS]


• Stiffness parameters  are determined by a variational principle: , , , 


• Simplified action allows for a numerically exact treatment without any explicit symmetry breaking


• Collective fluctuations are studied through a free energy construction, allowing to distinguish stable and metastable states
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CDW = Charge density wave
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s-SC = s-wave superconductivity

PS = Phase separation



Phase diagram of the extended Hubbard model 
with repulsive local  interaction 
and repulsive nearest-neighbour  interaction
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Region of metastability identified in qualitative 
agreement with coexistence observed in dynamical 
cluster approximation (DCA)
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Phase diagram of the extended Hubbard model 
with attractive local  interaction 
and repulsive/attractive next-nearest neighbour  interaction
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128 × 128
β = 10

 phase diagramU < 0

CDW + s-SC

CDW = Charge density wave

s-SC = s-wave superconductivity


PS = Phase separation
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128 × 128
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 phase diagramU < 0

CDW = Charge density wave
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PS = Phase separation
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Local interaction :  
Nearest-neighbour interaction : 

U
V

Coexistence phase incorporating collective PS 
and s-SC fluctuations discovered!

Normalised order parameters (at saddle point)
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Summary
Multi-channel fluctuating field theory : 

• Novel approach allowing us to study interplaying collective fluctuations in large systems with 
low computational cost can be implemented for general correlated quantum lattice systems


• Identification of a novel phase with coexisting s-wave superconductivity and phase 
separation fluctuations

Contact: erik.linner@polytechnique.edu
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Erik Linnér, A. I. Lichtenstein, S. Biermann and E. A. Stepanov, arXiv:2210.05540 (2022)
Erik Linnér, C. Dutreix, S. Biermann and E. A. Stepanov, arXiv:2301.10755 (2023)
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Free energy construction
Multi-channel fluctuating field trial action: 

,    


• Due to Gaussian structure, fermionic respectively classical degrees of freedom may be analytic integrated out: 

  Derive free energy 

                         Employed in variational construction


• Interplay of collective fluctuations are studied through the free energy: 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Stiffness determination
Determination of stiffness parameters  based on Peierls-Feynman-Bogoliubov variational principle: 

,       ,         


• We exploit a rewriting of the expectation value: 

 with the Gaussian action 


• Functional is approximately rewritten as (dropping sub-leading terms vanishing in the thermodynamic limit): 

 

allowing to identify:  (charge),  (spin)
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Repulsive  phase diagram : System sizeU − V
128 × 128
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AFM = Antiferromagnetism
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128 × 128
β = 10

 phase diagramU < 0

CDW + s-SC

U = − 2

t = 1

Local interaction :  
Nearest-neighbour interaction : 

U
V

Scaling dependence of the CDW + s-SC coexistence phase : 
Width of phase converges to infinitesimal width in the 
thermodynamic limit

Regions of separately stable CDW and s-SC orderings at 
small system sizes

CDW + s-SC

128 × 128
β = 10
t = 1

CDW = Charge density wave

s-SC = s-wave superconductivity


PS = Phase separation


