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CHAPTER A Neutron Scattering in QSL Research

CHAPTER B Spin Excitations in YbMgGaO 4 with zero field

CHAPTER D Conclusions

Topological States and Phase Transitions

in Strongly Correlated Systems:

Spinon Excitation in YbMgGaO 4



Zero charge

Deep penetration 

into materials: 

Bulk properties

Moment S=1/2
Magnetic interactions 

with materials:

Magnetic properties

Wavelength

Comparable to the 

interatomic distance: 

Crystal structure

Energy

Close to elemental 

excitations in materials:

Excitations

Topological States and Phase Transitions in Strongly Correlated Systems: Spinon Excitation in YbMgGaO 4

Neutron scattering: Unique advantages for neutron
CHAPTER A: Neutron Scattering in QSL Research



M. Mourigal et al., Nat. Phys.9, 435 (2013).

EXAMPLE: Neutron scattering in 1 dimensional systems

Classical picture : Spin Wave
A coherent precession of the local spin expectations value around 

the field caused by incident neutron.

Quasiparticle : Magnon ( S=1, charge free)
Neutron ( S=1/2) Ą Neutron scattering: neutron flip ( S=1 process)

Single spin flip Ą two domain walls bound together:

ὉἸ  ἳ
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Neutron scattering: Magnon and spinon
CHAPTER A: Neutron Scattering in QSL Research



Quasiparticle : Spinon ( S=1/2, charge free)
Two domain walls propagating separately (spinon excitations)
Spinons have to be created by pairs Ą Confined spinon pairs

ὉἸ  ἳ  Ἰ ἳ
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EXAMPLE: Neutron scattering in 1 dimensional systems

Neutron scattering: Magnon and spinon
CHAPTER A: Neutron Scattering in QSL Research

M. Mourigal et al., Nat. Phys.9, 435 (2013).



Magnon (S=1):

ὉἸ  ἳ

Sharp dispersive excitations

Peaked at specific wave vectors

Spinon (S=1/2) :

ὉἸ  ἳ  Ἰ ἳ

Continuum along k and E

Covering a large range of Brillouin zone
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EXAMPLE: Neutron scattering in 1 dimensional systems

Neutron scattering: Magnon and spinon
CHAPTER A: Neutron Scattering in QSL Research

M. Mourigal et al., Nat. Phys.9, 435 (2013).



Different kind of models including RVB

RULE A: Spinons have to be created in pairs.

RULE B:Two spinons can propagate separately.

Ą Continuum
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EXAMPLE: Neutron scattering in 2 dimensional systems

Neutron scattering: Magnon and spinon
CHAPTER A: Neutron Scattering in QSL Research

L. Balents, Nature 464, 199 (2010).



Triangle
ə-(BEDT-TTF)2-Cu2(CN)3

EtMe3Sb[Pd-(dmit)2]2

et al.

Kagome
ZnCu3(OH)6Cl2

et al.

Honeycomb
Ŭ-RuCl3
Na2IrO3

et al.

Pyrochlore
Ce2Sn2O7

Pr2Zr2O7

Yb2Ti2O7

et al.

Hyperkagome
Na4Ir3O8

PbCuTe2O6

et al.

Lack of promising QSL candidate. Lack of sizable crystals for neutron scattering.
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QSL candidates: Looking for high -dimensional QSL
CHAPTER A: Neutron Scattering in QSL Research
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Honeycomb lattice: Ŭ-RuCl3

CHAPTER A: Neutron Scattering in QSL Research

A. Banerjee et al., Science356, 1055 (2017).
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Kagome lattice: Herbertsmithite - ZnCu3(OH) 6Cl2

CHAPTER A: Neutron Scattering in QSL Research

T.-H. Han et al., Nature 492, 406 (2012).


