Spectroscopic signatures of spinon Fermi surface
In a rare-earth triangular lattice spin liquid
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A rare-earth triangular lattice quantum spin liquid: YbMgGaOa
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A rare-earth triangular lattice quantum spin liguid: YbMgGaOa

YbMgGaO,
a~344

e Hastings-Oshikawa-Lieb-Shultz-Mattis theorem.

e Recent extension to spin-orbit coupled insulators (Watanabe, Po, Vishwanath, Zaletel, PNAS 2015).
e This is the first strong spin-orbit coupled QSL with odd number of electrons and effective spin-1/2.
e |t is the first clear observation of T2/3 heat capacity. | think it is spinon Fermi surface U(1) QSL.

¢ |nelastic neutron scattering is consistent with spinon Fermi surface results.

¢ \We understand the microscopic Hamiltonian and the physical mechanism.




YbMgGaOa4

0.1 T T T T T T T T T

L YbMgGaO, 9110
- . —~ — 0 T '
: e B  —1T §
" il s - —2T 5
L e e £ | ——aT los £
L e h B J % —6T 0'53
e g G m—— T =
g I .
¢ s ~ol! @ 6T 10.01 ?
&) LA 5 0.0

0.1 1 10
T (K)
e observation of T2/3 heat capacity e Entropy: effective spin-1/2 local moments

No breaking of time reversal symmetry at finite temperature.

Our proposal for ground state: spinon Fermi surface U(1) QSL.
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Microscopics

(b)

Yb3+ ion: 4f13has J=7/2 due to SOC.

=
J=7/2 JAN

also in Mastuda’s talk?

At T < A, the only active DOF is the ground state
doublet that gives rise to an effective spin-1/2.
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Continuum excitation
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Spinon continuum
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Spinon Fermi surface from a pure spin system!




very different from organic spin liquids
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120-degree order
supported by various different numerics

 Physical mechanism for weak Mott insulator spin liquids: perturbation in t/U
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Spin-orbit entanglement in strong Mott regime

4f electron is very localized, and dipolar interactions weak, very different from organics
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Ga/Mg disorder may do something too. But not very clear
at this stage.




Conservative treatment

a T = 0 phase diagram
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Parton construction and PSG classification
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The U1AQOQ state is the spinon Fermi surface state that we proposed in
Shen, et al, Nature.

Classification scheme is different from X-G Wen’s original work.
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Summary

1. We propose YoMgGaO4 realizes a U(1) QSL with
spinon Fermi surface.

2. Current experiments are reasonably consistent with
the theoretical prediction from this proposal.
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