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Quasiparticles

Fundamental excitations of a many body ground state

Behave like particles: single quasiparticle is long-lived
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Magnetic systems

Electrons are immobile, pinned to the lattice =  System of localized spins
(i.e. electronic insulators)

Ferromagnet Antiferromagnet
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Quasiparticles in magnetic systems

Spin waves (magnons) - bosonic quasiparticles
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Beyond magnons - fractionalized quasiparticles
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Carry fractional qguantum numbers
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e.g. fractional charge in FQHE
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Nature Phys. 2020




Beyond magnons - fractionalized quasiparticles

e.g. antiferromagnetic Ising chain
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upon spin-flip domain walls are formed in pairs
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Dynamical susceptibility

Measured in inelastic

S(k,w) = J
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Probing dynamical susceptibility numerically
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Outline

* Antiferromagnetic spin-1/2 chain in magnetic field R 2R R 2 R

* At low magnetization:

Interactions between spinons induce

a gap in the dynamical correlations

4

w/J1
(=TS N}

0 /2

400
h: 200
0

™

e At high magnetization: §2 K JOEM

Magnons (anti)-bound states ;O\/Q 0
* (Anti)-bound states of
magnons at higher dimensions

? * * * * 10 o | 200

v 4 v 4t 3 547 S| 100
byt N

vt vty ST T

2\

ﬂ, \ A
AK, Leon Balents, Oleg Starykh,

PRL 2020

WORK IN PROGRESS



Spin-1/2 antiferromagnetic chain
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Low energy description of the gapless phase

Half-filled band of spinons
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Spin-1/2 antiferromagnetic chain

half-filled band

of spinons
T‘l’ — —
T
_ - — 1 R
K = 2 RIL = EWLLGWR/L
g>0 g <0

gapless gapped
X | | |

| | | >
/ 0 0241 05 LM

backscattering interaction
IS marginally irrelevant!




Dynamical susceptibility of spin-1/2 AFM chain
iIn magnetic field

Non-interacting limit - small Zeeman field splits the up/down bands
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Spin-1/2 antiferromagnetic chain in magnetic field

PHYSICAL REVIEW B, VOLUME 65, 134410

Electron spin resonance in S=7; antiferromagnetic chains
Masaki Oshikawa' and Ian Affleck®*
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Dynamical susceptibility - analytical results

RPA-like treatment in the vicinity of k = 0
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Numerical results

Transverse dynamical spin susceptibility: §>0 . §<0
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Increasing the magnetic field
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Large magnetization limit

Mapping to spinless fermions
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Dynamical susceptibility in the large magnetization limit
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2-magnon (anti-)bound states

Solving an effective Schrodinger equation for 2-magnon states
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Dynamical susceptibility at large magnetization
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In the Heisenberg limit these are Bethe string solutions!
see also Kohno PRL 2009, Yang et al. PRB 2019



Higher-dimensional antiferromagnets
in the large magnetization regime

AK, Leon Balents,
Oleg Starykh




High field regime

Square lattice antiferromagnet H = Z JS ;- ?] — BZ AN

<i,j> i

B > B, - solving 2-magnon Schrodinger equation
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High field regime

Below saturation B < B, magnons condense (long range order)
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Magnons dispersion within linear spin wave theory
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Beyond linear spin wave theory

Projecting interactions onto the 2-magnon subspace ‘kp ky) = b,jlb,jz |GS)
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Probing the appearance of bound-states numerically
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Dynamical susceptibility of square lattice AFM
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Summary

R

e We have identified clear signatures of quasiparticle interactions in the
transverse dynamical susceptibility
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