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Quantum Spin Liquid Candidates in Borates

Fig. 6 The schematics of Taipan

Taipan Specification:

Monochromator:………PG(002) or Cu(200), DF

Analyser:…………………………....PG(002) , DF

Take-off angle 2θM:……………………….16o~85o

Sample scattering 2θS: ………………..-128o~95o

Analyser angle 2θA:……………………-110o~110o

Pre-mono collimator:………………open, 15’, 30’

Pre-sample collimator:……….open, 20’, 40’, 60’

Incident Energy:……………………...5~120meV

Energy Transfer:……………………....0~100meV

Energy Resolution:...0.5~1.0meV (Ef=14.87meV)

Geometrically frustrated magnets form collective spin states with long-range quantum entanglements at low temperatures. Such states are theoretically considered as a ground state of a quantum

superposition of spin S=1/2 singlets, constantly fluctuating in a liquid-like fashion and being called quantum spin liquid (QSL).[1] In contrast to classical magnetic transitions driven by spontaneous

symmetry breaking, quantum phase transitions exhibit no symmetry breaking. QSLs demonstrate many exotic nontrivial quantum behaviours, e.g. fractionalized excitation.[2] Different from the long-

range ordered magnet, a QSL excitation has a mobile S=1/2 spinon excitation displaying a continuum feature. Such a fractionalized excitation was considered as a hallmark of a QSL system. Kitaev

QSLs, special frustrated magnets on honeycomb lattices (see Fig. 5), have potential applications in quantum computing, attracting extensive research interests. However, there have not been many

Kitaev QSLs discovered in nature. Therefore, searching for Kitaev QSLs is one of the most important tasks presently faced by material scientists. Several Kitaev QSL candidates have been

intensively studied, such as Na2IrO3,[3] α-RuCl3
[4] and other ruthenates/iridates.[5, 6] However, novel QSL systems are still highly desired for experimental and theoretical researches and applications.

Transition metal borates and rare earth borates could be potential candidates for Kitaev QSLs because borates normally have triangular or hexagonal structures due to the trigonal planar BO3, which

is the most important ingredient for geometric frustration of magnetism. The aim of this study is to search for QSLs in transition metal / rare earth borates. The project involves material synthesis,

structure analysis, magnetic characterization, and excitation measurement and theoretical modelling. Inelastic neutron scattering will be the critical tool to study the magnetic excitation from these

candidates to confirm their QSL nature. The current candidates lock in the series Ba3(Re1/3Yb2/3)(BO3)3 (Re = Yb, Y and Lu, see Fig. 5), which has a hexagonal crystal structure with space group

P63cm.

Measure Excitations with Sika and Taipan

Taipan is a thermal-neutron

triple-axis spectrometer (TAS)

with the traditional single-detector

design.

Fig. 7 The design overview of Sika and the 2nd spectrometer

Fig. 1 (left) Interactions between spins on the honeycomb lattice. Each colour shows the
bong-directional Ising-like interactions, as described in the Kitaev model[1]. (right) The
Kitaev model predict the excitation from a Kitaev system have different behaviours
depending on the ratio between the bond-directional interactions Jx, Jy, and Jz.

[2]

Fig. 4 The fractionalized excitation ((a) experiment and (b) theoretical) from a
Kitaev honeycomb spin liquid system α-RuCl3.[1] Both the one-dimensional spin ½
and Kitaev spin ½ systems demonstrate the feature of the fractionalized
continuum excitation.

Fig. 5 (left) One Re layer in the crystal structure of Ba3Re(BO3)3. Re has two sites: Re(I) on the
2a site (purple) and Re(II) on the 4b site (pink). The small green and red balls denote the B
and O atoms, respectively. Re(II) ions form a honeycomb lattice. While Re(I) ions seat at the
centres of these honeycombs. (middle) The side view of the crystal structure of Ba3Re(BO3)3

showing a large distance (~8.7Å) between the neighbour Re honeycomb planes. Green balls
are Ba ions. (right) The temperature dependency of magnetisation shows no phase transition
and the feature of the quantum spin liquids.

Fig. 2 Spin wave spectrum measured from a 
classic antiferromagnet MnF2. 

Fig. 3 Spinon excitation measured from the 
one-dimensional spin system KCuF3.[3]

Sika is a cold-neutron triple-axis

spectrometer (TAS) with the

multiplexing analyser design. It is

suitable for studying the low

energy excitation.

Sika Specification:

Monochromator:…………………PG (002), DF

Analyzer:……………………PG (002), multiplex

Take-off angle 2θM :…………….…....30o~120o

Sample scattering angle 2θS: ….....-120o~120o

Analyzer angle 2θA:………………….…0o~120o

Pre-mono collimator:………open, 20’, 40’, 60’

Pre-spl collimator:……….…open, 20’, 40’, 60’

Incident Energy:…………………...2.6~28meV

Energy Transfer:…………………..….0~20meV

Energy Resolution:………~0.1meV (Ef=5meV)

In certain antiferromagnetic systems, spins cannot simultaneously form

minimal energy states of all bond interactions due to their geometrical

configurations, which causes magnetic frustrations. Such frustrations are widely

observed in the magnetic systems with triangle-lattices, honeycomb lattices,

tetrahedral lattices, etc. Magnetic frustrations normally cause rich physics at low

temperature range due to the plenitude of possible ground states. Kitaev

quantum spin liquids are a special frustrated magnets on the honeycomb lattices

with the bond-directional interactions.

Fractionalized excitations is the finger print of Kitaev QSLs, which can be measured by inelastic neutron

scattering. Triple-axis spectrometer is one of the most powerful inelastic neutron scattering instruments to

measure such excitations. Both Taipan and Sika at ACNS are able to study magnetic excitations from Kitaev

QSLs.


