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Outline

* The golden (fibonacci) chain

* Topological stability of criticality
* Perturbing the chain

* Generalizations
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The Heisenberg model

Fusion rules for SU(2);3
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The golden chain
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Hilbert space has no natural decomposition as tensor product of single-site states.
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The golden chain

We want to construct a local Hamiltonian H = Z H, .
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Local Hamiltonian: H; = F; I, F;




The golden chain

Local Hamiltonian: H; = F; II; F;
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The golden chain

Local Hamiltonian: H; = F; II; F;

—2 —3/2
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Explicit form:

H; = —Pir1— ¢_27D7'17' _ ¢_17D’TTT
—gb_3/2 (|717) (77| + h.c.)

off-diagonal matrix element

A. Feiguin et. al, PRL (2007)




Criticality

Finite-size gap
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Criticality

Finite-size gap Entanglement entropy
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Energy spectra

9]
T T T T

N
L LI

%

34043

3/40 + 3 ®

. 782 ]
primary fields 34042

30+2% 0 ® ]
descendants e 1]

rescaled energy E(K)
o w

®15+1 340+ 1® 7/8 ]
®

p—
1 1 11

Neveu-Schwarz Ramond
sector sector 340 ]

~
W

o -

T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18
momentum K [2m/L]

T
S KX

primary fields 1 € 6, 6// o O /
scaling dimensions o 1/10 3/5 3/2 3/80 7/16

\

N

KzO K=




Mapping to Temperly-Lieb
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Mapping to Temperly-Lieb

The operators X; = —¢H; form a
representation of the Temperly-Lieb algebra:

1

d = ¢ is the isotopy parameter

Get: Restricted solid on solid model (RSOS)
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AFM interactions: M minimal modelc=1 - i+ 1)(k+2)

2k — 1)
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FM interactions: Zj, parafermions c=
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Topological stability
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The criticality of the chain 1s protected
by additional topological symmetry.

Local perturbations do not gap the system.

[s this special to SU (2)3?
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Topological stability for all k

Minimal models have a coset description:

_osu(2)1 Xsu(2)k—1
My = su(2)g -

The coset field inherit the topological sector via
the character decomposition:
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The predictions have been checked numerically,
and both the AFM and FM spin-1/2 chains are

stable!
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Majumdar-Ghosh chain

Consider a (competing) three anyon-fusion term
m» neither translational nor topological symmetry are broken

SU(2)3 anyons SU(2) spins

- - Hug = J) Tlim
VSIS 550+

H; = Prr1+Pirir + Prrrt + Prrrr + 2§b_27)7-7-7-7- +
¢ (Prirr + Prrir) — (b_Q(\TTlT} (T17T| + h.c.) +

¢_5/2 (|7177) (t777| 4 |T71T) (TTTT|+h.C.)




VA% Phase diagram

J3 = sin 6

Q 3-state Potts, S3-symmetry

3-state Potts c— 4/5

exact exact

solution T pswier o . solution
tricritical Ising

c="T/10

Ji1 = cos b

tetracritical Ising

S.Trebst et. al, PRL (2008) ~ Majumdar-Ghosh ¢ =4/5




S3-symmetric point
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Conformal field theory: parafermions with central charge ¢ = 4 / D.




su(2)sspin-1 chain

Take the even sector of su(2)s: 1 o f

axa=14+0 axB=a+0 OxB=14+a+0

Use the (3 particles as the building block of the
chain, and define the hamiltonian:

H = sinfPg — cos 0P,

Pgs , P, project onthe ,a channel.




su(2)sspin-1 chain phase diagram

a) SU(2) critical SU(3) b) su(2),

super CFT (N = 1)

su(2), o, xsu(2),
su(2),

gapped SU(3)

C. Gils et. al., in preparation




Rescaled energy E(k )
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Conclusions

* Topological quantum spin chains have been
studied analytically and numerically

* They support different phases: (topologically)
protected criticality, gapped phases etc.

* Many aspects remain open:
* 2-d systems
* different types of disorder (some progress)
* higher genus surfaces
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