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Spin-1/2 AFM chains

H= ]z S787a + &(S7Sf + 7S,

H= ]’Z(S]?Csj?il +8YS2, )+ AS?SE,

J=J'A e=1/A
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Spin-1/2, Heisenberg, Antiferromagnetic Chain
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Spin-1/2 Heisenberg Antiferromagnetic Chain

Heisenberg limit (=1) ;.5 caux,
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Spin-1/2 Heisenberg Antiferromagnetic Chain
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Spin-1/2 Ising Antiferromagnet Chain
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SrCo,V,0q4
XXZ Spin-1/2 AFM chain
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SrCo,V,0q4 - Quasi-1D XXZ spin-1/2 Antiferromagnetic
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Magnetic excitations of SrCo,V,0g for T>Ty
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Magnetic excitations of SrCo,V,04 for T<T, — Spinon Confinement

(1,0,)) [r.l.u.]

« Hierarchy of discrete excited states

Harw =1 ) S7SFy + (7S] + 5750
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SrCo,V,0, XXZ, S-1/2 1D AFM — T>T,, Confine
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Theoretical Methods

Perturbation theory
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SrCo,V,04
In a Longitudinal Magnetic Field
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Spin-1/2 XXZ AFM Chain in a Longitudinal Magnetic Field
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Phase diagram for SrCo,V,Og¢ In a Longitudinal Field
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Phase diagram for SrCo,V,Og¢ In a Longitudinal Field
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Excitations of SrCo,V,04 in a small longitudinal field

Terahertz Optical Spectroscopy

Field-dependent spectrum at Q = 0, n/2, 7; 3m/2 < //ang Jianda i,
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Frequency, w (THZ)

Excitations of SrCo,V,0g4 In a high longitudinal field

Terahertz Optical Spectroscopy

for B >Bcl

Field-dependent spectrumat Q =0, n/2, &t
Transverse excitations only
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RPP psinon-psinon pair

RPAP psinon-antipsinon pair

x?  2-string Bethe

23 3-string Bethe

n-string = addition of n bound magnons
(spins pointing against the field)

. . . 21
First observation of Bethe strings



Bethe Strings

History of Bethe strings B m————

DD Pl P h D p =D
DD < P P P =D =p =D =

DD = == < Cmp =D =p =D =

* A sequence of flipped spins or magnons bound
together within the strongly correlated background of
single spin flips

o 2-string state first predicted for Heisenberg chain in
zero field by Hans Bethe in 1931

» Multi-string states later predicted by several theorists
stabilized by anisotropy

* Not observed due to their weak signal dominated by
the spinon spectrum.

* Observeable for XXZ chain in a longitudinal magnetic
field which separates them from the other excitations
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Theory for S-1/2 1D XXZ AF
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Dispersions of Psinon, Anti-Psinon & B

SrCo,V,04

» &3 83
L.

4-fold screw chain
—
Zone folding
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Dispersions of Psinon, Anti-Psinon & Bethe

Detailed
comparison to
Bethe Ansatz
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Field-Dependence of Psinon, Anti-Psinon & Bethe Strings
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Heisenberg and Ising limits
Spinons and bound modes
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Bethe Ansatz calculations
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