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Four talks this morning

Steve Nagler - Possible Kitaev spin liquid physics and topological
transitions in RuCl;

Rajiv Singh - Entropy plateaus in Spin-S Kitaev Models

Hide Takagi - Spin-orbital entangled quantum liquid on the
honeycomb lattice

Gang Chen - Topological thermal Hall effect from induced internal
gauge flux in a U(1) spin liquid



The context

® guantum spin liquids

® challenges of their experimental and
theoretical understanding

® thermal Hall effect: an important probe —— Gang
® Kitaev honeycomb model
® candidates: RuCl3; —> Steve

® beyond the “pure” model and materials
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What are QSLs, and why
are they interesting?

® insulating states of quantum magnets (no free electrons)

® Essentially the most quantum state of magnets

® They are quantum superpositions of very many product states, which
cannot be adiabatically deformed to a product state
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® |ead to emergent gauge fields, fractional particles

* electrons q=-e, s=1/2 |
»  "integer particles”
*  spin flips L) — 1) g=0,s=1 |
s°=-1/2 52=1/2

fractional particles: e.g. q=0s=1/2




What are QSLs, and why
are they interesting?

® insulating states of quantum magnets (no free electrons)

® Essentially the most quantum state of magnets

® They are quantum superpositions of very many product states, which
cannot be adiabatically deformed to a product state

what kind of
state is this?

note: interactions (the Hamiltonian) are local H ~ Z?—[(x)
X




Example

* Anderson’s idea (1973): “Resonating valence bonds”

valence bond solid
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Important points

® \ery stable states: perturbations keep you in the
phase -- might need phase transition

® Obtained from local interactions

Characteristic features typically stem from |
nonlocal properties => hard to understand
theoretically, and hard to probe experimentally! |

® There is no one single sharp indicator of a QSL

® Experimentally, no definitive proof yet, but...
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Kitaev spin liquids
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Non-local excitations

Majorana ¢ Flux €, m

In Kitaev’s model:
® Majorana’s dispersion ~ K and Dirac-like
® Fluxes are localized and gapped
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Kitaev spin liquids

® 3 types:

o Steve in zero field
® gapless (minimal model) > Hide?

® gapped (minimal model with one larger
interaction constant)

® chiral (in TR breaking Hamiltonian) = —— Steve in magnetic field
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Kitaev spin liquids

® 3 types:

® gapless (minimal model)

Steve in zero field
Hide?
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® gapped (minimal model with one larger

interaction constant)

® chiral (in TR breaking Hamiltonian)

— Steve in magnetic field
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Which materials?

O(—Naz|r03,
(O(,B,X)—Li2|r03

all order in zero field so far (they contain extra interactions --
Heisenberg, out-of-plane, etc.)
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Kitaev physics - RuCl3

® Steve - one of the first leaders for RuCls - new
results

® inelastic neutron scattering in field
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RuCls in tield - phase transitions

O L. . o )
variation in magnetic field strength changes
® magnetocaloric effect the magnetic contribution to the entropy
shows several transitions \ at fixed entropy measure temperature
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Beyond the “early”
materials

® Hide: "hydrogen-intercalated lithium
iridate”: o-H3Lilr,Og”

"out-of-plane
compressed”

| H.Lilr,O
a-Li,IrO; STl

can this help to remove the zero-field ordering?



Many probes

® insulator from resistivity

® no phase transition from C or X
® no magnetic order from NMR

® spin dynamics

® isotope effect

Hide

consistent
with QSL
ground state,
but, if so,
which one?



Entropy plateaus in spin-s
Kitaev models

® Classical models with large degeneracies show entropy plateaus

at a function of T
expect plateau-like features with
perturbations
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entropy plateaus in model with
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Thermal Hall effect

® when quantized: smoking gun of
fermionic edge modes cf. Kitaev in field

® otherwise: probes the nature of the
state

can come from non-zero chirality

H = ZJZ]SZ 'Sj —|—ZDij Sz X Sj _ZBS;,Z
i i, t




Please enjoy the session!



