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1. Spin diagram technique

 

Basic idea: Vaks, Larkin, Pikin 1968: 

work directly with physical spin-S operators, no unphysical states, 
no projections, no redundancy in Hilbert space  

VLP 1:
Wick theorem for 
spin operators,
spin-diagram 
technique,
thermodynamics

VLP 2:
spin waves, 
correlation
functions
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complicated diagrammatics for 
quantum spin systems 

● strategy: expand in powers of  

● generalized Wick theorem for spin operators requires 
several types of vertices:

(from book by Izyumov 

and Skryabin, 1988)     

● expansion of irreducible part of 2-point function in powers of     

● complicated diagrammatics        method not very popular

● reformulate in framework of FRG          SFRG (Spin FRG)

(see, however, talk by B. Sbierski this conference                                     

and B. Schneider, …, B. Sbierski,  arXiv: 2407.18156)     
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2. Spin FRG

 

 

● Krieg, PK,  PRB 2019 (original idea, see ERG 2018, Paris)
● Tarasevych, Krieg, PK, PRB 2018 (Kondo-problem)  
● Goll, Tarasevych, Krieg, PK, PRB 2019 (Heisenberg ferromagnets)
● Goll, Rückriegel, PK, PRB 2020 (zero-magnon sound)
● Tarasevych, PK, PRB 2021 (high-temperature spin dynamics in paramagnets)
● Tarasevych, PK, PRB 2022 (critical spin dynamics in ferromagnets)
● Rückriegel, Arnold, Goll, PK, PRB 2022 (dimerized spin systems)
● Tarasevych et al., PRB 2022 (J1J2J3 model)
● Rückriegel, Arnold, Krämer, PK, PRB 2023 (X-operators) 

(see poster by Jonas Arnold this conference)
● Rückriegel, Tarasevyh, PK, (J1J2 model in 2d)

(see talk by Andreas Rückriegel this conference)
● Rückriegel, Tarasevych, Krieg, PK, (high-T expansions)
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 SFRG: basic idea

 

 

● deform exchange interaction

● general anisotropic Heisenberg model

● example: interaction switch

● generating functional of connected imaginary-time ordered correlation functions

● satisfies exact flow equation (Krieg+PK 2019)
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Wetterich equation for quantum spins

● subtracted Legendre transform

   

● bosonic Wetterich equation for quantum spin systems

spin algebra hidden                     
in initial conditions! 

● problem: for quantum spin systems Legendre trafo does not exist at              
if                     (first pointed out by Rancon PRB 2014) 

● solution: use different types of generating functionals            
(interaction irreducible or  classical-quantum hybrid functionals)

● classical spin systems Wetterich equation can be used to generate 
high-temperature expansions (Rancon PRE 2016)

● better: start from generating functional of connected correlation functions
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3. High-T expansion for spin systems 
from Spin-FRG

● high-temperature expansions: well developed algorithms available                 
Domb+Green Vol.3: Series expansions for lattice models, 1974;                                          
Oitmaa, Hamer, Zheng, Series expansion method for strongly interacting lattice models, 2006

● here: new algorithm based on exact FRG flow equation 
for connected spin correlation functions

● equivalent hierarchy of flow equations:

 symmetrization operator: 
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recursion relation from spin FRG

● use flow equation for generating functional of connected correlation functions 
for high-T expansion  (Wetterich equation inconvenient)              

● interaction-switch deformation scheme: 

● expand in powers  of switch-parameter:  
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generalized blocks 

● iteration reproduces all terms of spin diagram technique without using 
generalized Wick-theorem for spin operators               

● zeroth-order: generalized blocks:

non-trivial functions of external 
frequencies (due to spin algebra)
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generalized 5-spin blocks
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low orders in high-temperature 
expansions

● straightforward iteration of recursion relation iteration generates first few 
terms in high-temperature expansion of arbitrary correlation functions              
 

● free energy  to third order in J/T:    
         

● 2-spin correlation function to 2nd 
order in J/T:             
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Interaction-irreducible dynamic spin 
susceptibility

● in paramagnetic regime: estimate 
critical temperature from                

● diagrams  up to 2nd order:             

● diagrams  to 3nd order:             

● systematic expansion  in 1/D gives 
better results                             
(Krieg+PK 2019,                                         

Schneider et al arXiv:2507.18156)        
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advantage of method

● produces high-temperature expansion of connected  spin correlation 
functions  involving  arbitrary number of spins within unified formalism           

● low orders (up to n=5) can easily be obtained symbolically  via 
MATHEMATICA             

              

● open question:   is fully numerical implementaton of algorithm competitive 
with established algorithms to generate high-order expansions?         
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4. The chiral non-linear suscepitbility

● connected  3-spin correlation function involving three different spin components

● determines quadratic response to time-dependent magnetic field      

● characterizes correlation effects in non-linear response               

● for isolated spin (generalized 3-spin block)     Tarasevych, Krieg, PK, PRB 2018     
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expansion up to 3rd order
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2nd harmonic generation in non-linear 
response at high frequencies

● possible in 2nd order chiral non-linear susceptibility:           

● full frequency dependence appears in 2nd order:          
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conclusions+outlook

● High-temperature expansions for correlation functions of quantum spin 
systems can be obtained using FRG flow equation of generating 
functional of connected spin correlation functions   

● Method is particularly useful for higher-order correlations functions            

● Open problem: is fully numerical implementation of recursive algorithm 
competitive with established methods to generate high orders?   

● Method can be generalitzed to obtain high-temperature andstrong-
coupling expansions for Hubbard- and tJ-models using generalization of 
Spin-FRG to  Hubbard X-operators: X-FRG                                    
(Rückriegel et al, PRB 2023; see also Poster by Jonas Arnold this conference)  
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