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Basic idea: Vaks, Larkin, Pikin 1968:

work directly with physical spin-S operators, no unphysical states,

no projections, no redundancy in Hilbert space
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thermodyn am|CS A diagram technique is proposed for a system of interacting spins which permits one to study

the thermodynamics of a Heisenberg ferromagnet with arbitrary spin S at any temperature T

or magnetic field strength H. The relevant high-temperature expansions are presented. Ex-
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We consider the spin waves and correlation functions in a Heisenberg ferromagnet in the complete
temperature range below the transition temperature T.. We find the damping of the spin waves and



* strategy: expand in powers of J;;

* generalized Wick theorem for spin operators requires
several types of vertices: T O Y

(from book by Izyumov a b c d e

and Skryabin, 1988) Fig. 2.1. Types of vertices for the exchange Hamil-

tonian. (For convenience vertices of types d and e are
M + (9 == denoted by hollow bullets.)
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* expansion of irreducible part of 2-point function in powers of J;;

* complicated diagrammatics => method not very popular

(see, however, talk by B. Sbierski this conference
and B. Schneider, ..., B. Sbierski, arXiv: 2407.18156)

* reformulate in framework of FRG == SFRG (Spin FRG)
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general anisotropic Heisenberg model
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deform exchange interaction JW’J =y ij’ﬁ J“b + R,J i
example: interaction switch Tipa =AJ7, Aeo,1]

generating functional of connected imaginary-time ordered correlation functions
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satisfies exact flow equation (Krieg+PK 2019)
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subtracted Legendre transform
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bosonic Wetterich equation for quantum spin systems

spin algebra hidden
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problem: for quantum spin systems Legendre trafo does not existat A =0

if J{*’»_o = 0 (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



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

* interaction-switch deformation scheme: J2°, = AJ2’, A € [0, 1]

- expand in powers of switch-parameter: G\ = ZﬂkGﬁﬂ K e —
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 iteration reproduces all terms of spin diagram technique without using
generalized Wick-theorem for spin operators
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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: e 2-spin correlation function to 2nd

order in J/T:
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diagrams up to 2" order: =O+1

diagrams to 3" order:
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* produces high-temperature expansion of connected spin correlation
functions involving arbitrary number of spins within unified formalism

* |ow orders (up to n=5) can easily be obtained symbolically via
MATHEMATICA

* open question: s fully numerical implementaton of algorithm competitive
with established algorithms to generate high-order expansions?
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* 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

PHYSICAL REVIEW B 107, 205108 (2023) Hpgslh =1

Nonlinear responses and three-particle correlators in correlated electron systems exemplified
by the Anderson impurity model

Fatrick Kapple, Friedrich Krien®, Clemens Watzenbock &) and Karsten Held
Tnxittwele of Scledd Stave Mrysics, TU Wien, TG40 Vierna, Aesine ~3F e
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Three-particle cormelaoors are relevant for, among others, Raman, Hall, and nomlinear responses, They are
alsa required lor the next order of approsinations extending dvoamical mean-feld eory diparammatically.
W present a general formahsm on how o frear these three-particle correlators and suscepribilites, and we
caleulate the local tiree-particle respense of the Andersen bopurity model oumecically, We lnd dat genuine
throe-particle vertex commoetions sre sizable, In particolar, it is not sufficient o just take the bare hubhle ferms or
enmmzetions hased on the two-particle vertes, The full three-particle verfex must he considered.
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FIG. 4. Full thiee-paticle corcelator with Dovors «, v, z diawn
ag 8 function of the two indices sy » of the bnsonic Matsuhara
froquencics ey = m2xd 1F = =1, = 5. In the ammic limit,
omly this flaver combination retsing a frequency stroctune due to
noncommutatvity of the spin operstors. Left: no magnetic feld.
Right: magnctic ficld in the 7-dircction, & = (L5

* forisolated spin (generalized 3-spin block)  Tarasevych, Krieg, PK, PRB 2018
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possible in 2" order chiral non-linear susceptibility:
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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

(Ruckriegel et al, PRB 2023, see also Poster by Jonas Arnold this conference)
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