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Thesis Abstract: Symplectic-IV in strongly correlated materials
Advisor: Piers Coleman

Strong correlations give rise to emergent phenomena from spin liquids to unconventional supercon-
ductors to quantum criticality, provide both exciting possibilities and unique challenges to theorists as
they sit at the intersection of kinetic and potential energy scales, where traditional, perturbative many
body techniques fail. One method that has had some success here is large IV theory, which generalizes
the number of components of the electron spin from 2 to N, providing an artificial perturbation expan-
sion about a strongly correlated state which, if chosen properly, captures the essential physics. Large
N has been heavily used in both the Kondo lattice and in frustrated magnetism, where SU(2N) is the
traditional generalization of the electron spin group, SU(2). In chosing the large N group, we chose
which symmetries to preserve and which to keep. With Piers Coleman and Maxim Dzero, we have
shown that SU(2N) inadvertently loses the time inversion and charge conjugation properties of SU(2);
while some generators invert under time reversal like spins, S — S and remain neutral under charge
conjugation, the others behave more like electric dipoles: neutral under time reversal and flipped by
charge conjugation. To treat phenomena like frustrated magnetism and superconductivity, which relies
on the formation of Cooper pairs, we must restrict ourselves to the subgroup of spin-like generators,
SP(2N), a large N limit we call symplectic-N. This limit differs from the SP(2N) limit introduced by
Sachdev and Read, which breaks the SU(2N) symmetry of the Hamiltonian down to SP(2N) in that
the interaction Hamiltonian is constricted solely from symplectic spins. In this thesis, I have studied
the symplectic-N limits of several models:

e The Heisenberg model, where the symplectic-N limit treats ferro- and antiferromagnetic cor-
relations simultaneously, exacting an energy cost for frustrating antiferromagnetic bonds. As
an example, we treated the two dimensional J; — Jo model, where the symplectic-N phase dia-
gram improves over previous large N treatments both at zero and finite temperatures(Flint and
Coleman, PRB 2009).

e In the two channel Kondo lattice model, where the symplectic-IN limit treats not only the Kondo
hybridization in the strongest channel, but also the superconductivity that develops cooperatively
between the channels as resonant Andreev scattering off the local moments. The superconducting
gap inherits its symmetry from the crystal fields of the underlying Kondo channels, which when
spin-orbit coupled as in heavy fermion superconductors like PuCoGas or NpPdsAls leads to d-
or g-wave gaps, depending on the crystal fields(Flint,Coleman and Dzero, Nat. Phys. 2008). In
materials with nearby magnetism, like CeColng, the d-wave superconductivity cooperates with
the magnetically mediated superconductivity to enhance the overall transition temperature(Flint
and Coleman, in preparation).

e The symplectic-N Hubbard operators are the large N generalization of the SU(2) slave bosons
introduced by Wen and Lee to treat the t —J model, and can be used to construct the symplectic
Anderson or t — J models, which we studied with an eye towards the cuprate high temperature
superconductors(unpublished).



