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There exists a plenty of real physical systems exhibiting tetracritical behavior. However, complete sys-
tematization of their universality classes, unlike bi-critical systems, is still lacking. A possible step to
fill this gap is suggested basing on an unconventional nonlinear sigma-models (NLSMs) – namely Stiefel
sigma-models. A simpler examples of NLSMs are well-known (see e.g. [1]), these involve single cou-
pling constant, and describe bi-critical systems only. Situation with Stiefel sigma-models is principally
different, as it was shown in [2]. Within the NLSMs on real Stiefel manifolds SO(N)/SO(N − k), us-
ing one-loop renormalization and the analysis of scaling behavior, a new infinite series of universality
classes of tetra-critical systems with orthogonal symmetry have been derived [3]. The Stiefel NLSMs
incorporate orthogonal and Grassmann subsystems of Goldstonions, what implies two coupling constants
(or competing order parameters). The universality classes in that series are identified by the respective
(tetra)critical exponents and depend on N , k and ϵ = d − 2. These findings are of basic novelty and
suggest theoretical groundwork that could be very helpful for better understanding and systematizing
diverse complex phenomena, including possibly the realm of high-temperature superconductivity.

References:
[1] E. Brezin, J. Zinn-Justin, Renormalization of the nonlinear model in 2 + dimensions - Application

to the Heisenberg ferromagnets. Phys. Rev. Let. 36, 691 (1976). S. Hikami, Renormalization group
functions of orthogonal and symplectic non-linear model. Prog. Theor. Phys. 64, 1466 (1980).

[2] A.M. Gavrilik, Self-interaction anisotropy of Stiefel systems of Goldstonions. Mod. Phys. Lett.
A 4, 1783 (1989).

[3] A.M. Gavrilik, A.V. Nazarenko, Scaling behavior and phases of nonlinear sigma model on real

Stiefel manifolds near two dimensions. Universe 11(4), 114 (2025); https://doi.org/10.3390/universe11040114


