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Works of 2017 in my group

9. Spectral periodicity of the spinon continuum in quantum spin ice
Gang Chen
Phys. Rev. B 96, 085136 (2017)

10. What does inelastic neutron scattering measure in quantum spin ices?
Gang Chen
arXiv preprint 1706.04333

Recent interest has shifted to metallic systems and non-Fermi liquids,
some works are pending. | will share with you late the year.
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Classical spinice ( NOT a spin liquid !')
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Lattice gauge theory for U(1) spin liquid

Hxxz =% J..978; — J (S8, +5757),
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3rd order degenerate perturbation
(Hermele, Fisher, Balents 2004)
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string-net condensed phase.
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Related by unitary transformation (Hermele, Matthew Fisher, Balents, PhysRevB, 2004)

Hxxz =Y J..S787 —J (SFS; +875H),
(i)
energy
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Besides the quantitative differences, are there
sharp distinctions between the U(1)pi QSL S22 Spinon
on the left and the U(1)o QSL on the right?

They are fundamentally different !

They are distinct symmetry enriched Jol
U(1) topological orders ! 72 | Magnetic monopoles

also string-net condensed phase! \/gap'ess
gauge plloton




Fractionalization in FQHE: shot-noise measurement
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FQHE is arguably the only existing topological order so far.

Chiral (Abelian) topological order

Symmetry renders extra
quantum number to the
fractionalized excitation or
particle, such that these
fractionalized quantum number
can be detected experimentally.
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Fractionalization: fractionalized & deconfined exci skzz7-
Chern-Simon gauge structure

with charge U(1) symmetry:
charge conservation

Fractionalized charge excitation

Symmetry makes topological order more visible in experiments.

Answer to Prof Xiang Tao’s previous gquestion
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Pi flux and the spinon tran:
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Aharonov-Bohm flux experienced by spinon via the 4 translation is identical to the flux in the hexagon.

Gang Chen, Phys. Rev. B 96, 085136 (2017)



Pi flux means crystal symmetry fractionalization  wmsemise romen

quantum number

It is like symmetry breaki

T5TS = ~T3T¢

2-spinon scattering state in an inelastic
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Gang Chen, Phys. Rev. B 96, 085136 (2017)



Spectral periodicity of the spinon continuum

But elastic neutron scattering will NOT see extra Bragg peak.

Gang Chen, Phys. Rev. B 96, 085136 (2017)



Calculate spinon continuum to demonstrate the above

prediction
Hxxz =Y J..5787 —J (SFS: +575)),
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these wiggles are observable,

FIG. 3. (Color online.) The lower excitation edge of the

spinon continuum in U(1)o and U(1)r QSLs. Here, I'oI'1 = xxxx like Dirac fermion

27’(’(111), FOFQ = 27T(111) We set JL = 012Jzz fOI’ U(1)0 QSL MEHABLER » SRIIBNSH
in (a) and J, = —J,,/3 for U(1)r QSL in (b). 1t

Gang Chen, Phys. Rev. B 96, 085136 (2017)



How to observe Dirac’s “magnetic monopole”™?
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How to observe the “magnetic monopole™?
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Electromagnetic duality

S, ~ E (emergent electric field)

3 Lk Electric loop current -> Magnetic field
Im[EY) By ] < [0ap — G| wd(w — v]k]), Magnetic loop current -> Electric field

Low energy theory at higher energy, detect monopole continuum

Gang Chen, arXiv 1706.04333 (2017)



Enhanced spectral periodicity of the monopole continuum

Lower edge

Upper edge

Gang Chen, arXiv 1706.04333 (2017)



Two distinct symmetry enriched U(1) QSLs

Properties U(1)o,» QSL U(1)r,» QSL
spinon flux 0 7
“monopole” flux T s
spinon continuum not enhanced enhanced
“monopole” continuum enhanced enhanced

TABLE II. A classification of distinct U(1) QSLs from the

symmetry classification patterns of the spinons and the “mag-
netic monopoles”. The first subindex refers to the flux that is

One can think about the symmetry fractionalization
pattern of “fermionic dyons”.

Gang Chen, arXiv 1706.04333 (2017)



3D U(1) spin liquid / topological order

E

Fractionalization: fractionalized & deconfined excitation
Maxwell field theory with compact U(1) gauge structure

with lattice translations

Fractionalized crystal momentum for
the spinons and magnetic monopoles



Suggestion 1: combine thermal transport with inelastic neutron

energy

A For non-Kramers doublets such as Pr ion

iN PreZr207 and Th ion in Tbh2Ti207
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Suggestion 2: effect of the external magnetic field

XY
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The weak magnetic field polarizes Sz slightly, and thus modifies
the background electric field distribution. This further modulates
monopole band structure, creating “Hofstadter” monopole band,
which may be detectable in inelastic neutron.

THz can also do the job, but only at Gamma point.



Summary

1. We point out the existence of “magnetic monopole continuum” in the
U(1) quantum spin liguid, and monopole is purely quantum origin.

2. We point out that the "magnetic monopole™ always experiences
a Pi flux, and thus supports enhanced spectral periodicity with folded
Brillouin zone, while spinons most of the time experience Pi flux.
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In fact, continuum has been observed in PreHf207
( R. Sibille, et al, arXiv 1706.03604).
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Gang Chen, Phys. Rev. B 96, 085136 (2017)
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