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Jlopics:

a) Nonilinear excitations: injmagnetic systems:

1) From phonons to selitensiininon linear classical lattices

2) Analegous transition fiomimagnons te selitons: :
Iihe case ofi dimerized Heisenberg spins chain,.

3) Spinens:in 1-diiHeisenberg antiferremagnet: Analegy withiparticle hele
excitatiensiinimetals

B)ISpIn ene Haldane systems, ground states and excitations, edge: states:

c) Iwerdimensienaliselvable IHeisenberg s=1/2 system,, SrCu(BO_3) 2 and
[tS triplet excitations;, and biEplet eExcitonic excitations



Lattices: Non linear kinds: vs Magnetic systems

Phonons Solitons

*Non Topological
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These solitons are built
on nonlinearity.
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Magnons: Isotropic spin interactions
H=J]ZXS,. S,
Safeland: 3 dimensions Ferromagnet or Antiferromagnets

Small excitations of the magnetic moments. Live off
magnetic Long Ranged Order

Imagine small precession of cones of moments.

Unsafeland : 1 and 2 dimensions, If classical fluctuations
don't get you, then quantum fluctuations must!

Ashes to ashes, dust to dust,
If Hohenberg don’t get you,

Then Heisenberg must!

eT=0 Long Ranged Order at only for d >=2 for any spin
eT>0 Long Ranged Order only for d>=3

eHence huge range ( T small compared to J, d<3) where
both quantum and classical fluctuations rule the roost.
Many experimental systems, and in response many
beautiful theoretical ideas have been proposed.

el-d :s=1/2
el-d s=1
o2-d s=1/2
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Unbound Spinons in the S =1/2 Antiferromagnetic Chain KCuF;

D. A. Tennant, T. G. Perring, fa) and R. A. Cowley
Department of Physics, Clarendon Laboratory, University of Oxford, Parks Road, Oxford, United Kingdom

S. E. Nagler
Department of Physics, University of Florida, Gainesville, Florida 32603
(Received 8 February 1993)

Inelastic neutron scattering has been used to study the temperature dependence of the magnetic
response in the one-dimensional §=1/2 Heisenberg antiferromagnet KCuF; The scattering is con-
sistent with that expected for unbound spinon pair excitations.
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Haldane—Shastry Model

=
o

Ex(k) -
\f"’ N
E, (k) )/ Pair Y
! States \\

e
o
LBLELE L

.
o

=]
cn
LML L L R

spinon
dispersion

Energy nl
o

o
o

_0.5 PRI RN (N WO S N T B lLIﬂIlllI.I
-2 -1 0] 1

(@) Momentum ()

Bethe—Ansatz Model

upper boundary
f,’ N
\

s
o)

. lower boundary /
~ (dCP spectrum) ‘,"

)
o=
=
=
w
G
2.5 —
=
o=
uw
=
€T
2
k=

-
o

LN
Pair ',

States \\

spinon
dispersion Energy Transfer (meV)

Energy ml
P

e o :
o 9]
LI L L B

—-0.56 P S T T SN SR ST S TN N T T S S R T S T
-2 -1 ] 1 =z

(b) Momentum ()

FIG. 1. (a) The spinon dispersion for the Haldane-Shastry
model. The two spinon excitations form a continuum. (b) The ex-

citation spectrum for the nearest-neighbor Heisenberg model as pro-
posed by Muller.
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SIMPLE GrouvnDd State

Excitation Spectrum of a Dimerized Next-Neighbor Antiferromagnetic Chain
B. Sriram Shastry'®’ and Bill Sutherland
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Cu Ge O; almost a
realization of this J1-
J2 chain.

Fractionalized
gapped spin
excitations

4fold degeneracy

S=1, S=0




Spin 1 Haldane chain:
Heisenberg model with S=1

Haldane showed it has a gap in the excitation spectrum, no LRO.
This is another kind of spin liquid- a gapped spin liquid aalogous
to the Quantum Hall state of Laughlin. Topological term in action.

W(k)= J ( Cos[k]+ 1 + A), where A>0
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Y,BaNiOg: A nearly ideal realization of the =1 Heisenberg chain
with antiferromagnetic interactions
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o ESR gap is at k=0

Neutrons measure gap at all k,
smallest gap at k= pi

One Finds
ESR gap = 2 ( gap @k= Pi )

Understanding is in terms of two
spin 1particles combining to give
spin 2,1,0 and if there is no bound
state then above formula is true.
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Edge states and understanding the Haldane state via AKLT model.

-TM' + £=4
@ g aﬂ’ 9;:5 +5

H;W{Di—ri_

2F
Ped - o

et — -1

& 3 _._.,.rr
.(_sz?rs o 'f' }'_;:.JL

gjf;,_, Pmuh«mwm

: f "S:--H +Ji(-r‘; 5“")) ;,kjur

Edge selsy s wi EFR 9
Priiacafod Szl Chowns | NEMP

&,




Two dimensions and Sr Cu_2 ( BO_3)_2: Realizing a
solvable 2d spin 2 model. ( only QS model in 2-d)

Remarkable trick of nature:toplogical equivalence bewteen
Lattice of Shastry-Sutherland ( 1981) and Sr Cu_2 (BO_3) 2
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Direct Evidence for the Localized Single-Triplet Excitations
and the Dispersive Multitriplet Excitations in SrCu;(BO3);

H. Kageyama.!* M. Nishi.?2 N. Aso.? K. Onizuka.,! T. Yosihama.? K. Nukui.> K. Kodama.? K. Kakurai.? and Y. Ueda’

Single exciton is localized
by lattice frustration.

Bi Exciton is mobile..

Magnetization plateaus:
analogy with QHE problem:

0,0) (=)



Excitations are still exciting we have gone past magnons

Beyond magnons, there are a few unifying themes:
Excitations are signatures of parent states: variety is huge

eToplogical solitons ( degenerate gs’s)

eSolitons ( xy type models)




	Topics:a) Non linear excitations in magnetic systems:1) From phonons to solitons in non linear  classical lattices2) An

