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Haldane:

The SU(2) symmetric Heisenberg spin chain
behaves differently for integer and half-integer spins

based on a mapping of the low energy degrees of freedom into a
1+1 dimensional O(3) nonlinear sigma model

The SU(3) symmetric Heisenberg spin chain behaves differently
for p=3m and p=3m=1 spins in the fully symmetric representation

based on a mapping of the low energy degrees of freedom into a
1+1 dimensional SU(3)/(U(1) x U(1)) nonlinear sigma model
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Integer spins
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Path integral for SU(2) Heisenberg model ...

Z = Tr (G_BH) — Ty (e—dTHe—dTH o 6—d7‘H)

inserting a complete set of states at every time step
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1D quantum model == 1+1D classical fields

/D[n] exp | — / dr [JSQ Z N; +1;41 71 + 2S5 Z ni,TaTn’i,T]



/ Din]exp <_ / dr[JS* ) mimisi - +28) ni’TﬁTni’T])

classical energy Berry phase (imaginary)

l; terms can be integrated out (~ Legendre transformation)
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SU(N) symmetry in cold atoms
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hopping process independent of nuclear spin
(N=2F+1 states)

SU(N) symmetric Heisenberg model in the Mott insulating phase
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SU(3) spin chains - fundamental spin

fundamental spin: 3 colors ‘ ‘ ‘
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SU(3) symmetric Heisenberg interaction
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Nature of GS?
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Nature of GS?
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is the p = 3 Heisenberg model gapped?



SU(3) Heisenberg model & path integral
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SU(3) case, coherent state path integral
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short range quantum fluctuations select 3-sublattice order (order by disorder)
effective further neighbour (J, J3) interactions

Low energy fluctutations in path integral:

3 orthogonal states

-orth lity of th in states in th it cell . .
non-or ogona 1 y O e spm states 1n e unit ce ‘n the unit Cell

(BTGB ) (1 S0P+ LD 4L, pLi3 \( pr(j7)
ng(3 vl |= ar J1= S0LoP + L) <L $>(j, T)
| DIGBj+2,1) ) | 1L, 4L, VISP + 1P\ $3(j,1)

L variables can be integrated out



=+ ng‘; ) (9“51

2 -, 12
—+ ¢2'a,u¢3’

8u gEQ

:/d:cd <§:1$(*

2) t i 26)7T25W (8“gz§n . 8,,5,2) )

n—

topological term

3
iy 0.Qn
n=1

3 fields are orthogonal
from a unitary matrix

SU(3)/(U(1) x U(1))

( ¢:1T(j’7) \ Q1+ Q2+ Q3=0
?}2(.].’ T)
\ #30,7) ) B, = —05 = p2_7T
| 3
% trivial for p = 3m,

nontrivial otherwise

SU(3) spin chain with p=3m NLSM without topological term

SU(3) spin chain with p=3m+1  NLSM with topological term




Monte Carlo simulation
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Monte Carlo simulation
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Phase diagram
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Symmetries of the field theory
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General phase diagram: 6, # —0
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General phase diagram: 6, # —0

¢E)>1k ) 8“52

2
C+

. L2
@3 - 6u¢1| ) + 1 (6:Q1 — 03Q)3)

= o |2
¢;'au¢3’ T

S:/dCI;dT1 (
g

g — X isintegrable, S =1 (01Q1 — 03Q)3)




General phase diagram: 6, # —0
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General phase diagram: 6; # —65
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What we learned
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