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Abstract 
 
Over the past thirty years, the pyrochlore lattice of corner-sharing tetrahedra has served as the 
premier platform for the study of frustrated magnetism in three dimensions, including classical 
and quantum spin liquidity, with a rich interplay of theoretical and experimental developments. 
The most general anisotropic bilinear spin-1/2 Hamiltonian model for this lattice admits four 
independent spin-spin couplings, which has been widely used to describe the properties of the 
magnetic rare-earth pyrochlore oxide materials. In this talk, I will briefly highlight the results from 
two recent works [1,2]: 
 
I will first discuss the situation where these couplings are fine-tuned to realize a “triple point” in 
the ground state phase diagram where a spin ice state and two long-range ordered phase meet [1]. 
At the classical level, a system with this fined-tuned Hamiltonian displays a classical spin liquid 
state with intertwined rank-1 and rank-2 gauge fields over a finite temperature window. Upon 
cooling, the model undergoes a thermal crossover to a spin ice state that is selected through a 
“disorder-by-disorder” fluctuation mechanism. In contrast, the corresponding quantum model 
displays a spin liquid with coexisting vector and matrix gauge fields at zero temperature. These 
results may be relevant to the highly paradoxical Tb2Ti2O7 rare-earth pyrochlore oxide compound. 

 
The simplest version of the spin-1/2 Hamiltonian consists of one Ising coupling that imposes a 
local microscopic constraint on every tetrahedron, such that the low-temperature phase is described 
by a coarse-grained vector field 𝑬 satisfying a divergence-free condition, ∇·𝑬=0. These local 
constraints leave a highly-degenerate ground state manifold, in which spins collectively align in a 
head-to-tail fashion to form a network of closed strings referred to as a Coulomb phase or string 
condensate. Point-like quasiparticle excitations (spinons) then appear at the ends of open strings 
of spins, acting as local “electric charges” 𝑄 sourcing the divergence of 𝑬 via an emergent Gauss 
law, ∇·𝑬=𝑄.	I will illustrate that a novel Ising spin vorticity model can be constructed on the 
pyrochlore lattice that supports a classical spin liquid in which the ground state consists of a 
condensate of closed membranes and where the low-energy defects are strings that live on open 
membranes. The ground state manifold of this spin vorticity model is a novel classical spin liquid 
– a 2-form Coulomb phase [2]. If time permits, I will present some Monte Carlo simulations of 
that classical model and comment on the effect of quantum exchange term causing membrane 
exchange/membrane tunneling and the possible existence of a 2-form U(1) quantum spin liquid. 
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