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Projective Symmetny Group: classification ofispin liguids

1- IntrOd Ul Ctl 0)f Spin liquids: highly entangled ground state (which usually breaks no lattice symmetry);

spinon excitation coupled to gauge field!

Question: is there a parent spin liquid phase as a result of the
competition of different ordered phases?

Spinons: elementary excitations of spin liquids (in the deconfined phase):
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* Rare-earth pyrochlores are a family of material that
. . mean field
support diverse physics. There are the ordered Hspin > Hvr

family of ferromagnet and antiferromagnet; the
spin-glass family and the spin-ice family; What's
more, some materials are possibly in the quantum
spin-liquid regime.

@ Mean field theory Hpe describes spinon coupled to gauge field
@ Hwmr < Hspin 1s multiple <+ onel!

@ The symmetry of Hyfr: gauge symmetry x lattice symmetry
symmetries are realized projectively!

Projective Symmetry Group: classify all possible projective symmetries of Hyr, and use them

e Given the diversity of physics in the pyrochlore to write down all possible Hye
family, a natural question to ask is the connection

between these phases. A good guess is that the

In our study, we use Schwinger boson decomposition of spin, and the gauge group is Z»
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e Antiferromagnetic (XY: non-coplanar, coplanar... Palmer Chalker?) Yan. Benton et.al. 2016 So far experiments have not

@ Non-uniform spin order: spin fluctuations depend on sublattices seen any evidence of mt-flux

spin liquid.
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5. WOorkiim progress

 We are systematically looking at all possible ordered spin
configurations using representation theory.

 We are studying the ordered spin configurations with
nonzero momentum, which exhibit even richer patterns.

 We are computing the structure factor for all six zero flux
classes.

 What’s more, we are studying the rt-flux nearest neighbor
mean field Hamiltonian, which is also expected to give
interesting ordered spin states.

 Furthermore we will study the energetics of different states.

6. Conclusions

e We give a complete classification of Z» spin liquid states using
Schwinger boson PSG.

@ We find six zero-flux classes + six m-flux classes on NN level.

@ Classical ordered states are recovered and abundant phases are found
through PSG.

) @ These serve as very good guidance for experiments as to where to look
for spin liquids in rare-earth pyrochlores.

L™ =L\{(m,m,7),—(m,m,7)} ={x(1,1,-1),7(1,-1,1), m(-1,1,1),m(-1, -1, 1), m(—1,1, 1), 7 (1, -1, —1)} V™ ={r(1,-1,0),7(=1,1,0),7(1,0,=1), 7(—1,0,1),7(0,1, 1), 7(0, =1, 1)}




