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Order from disorder

ANDERSON’S THEOREM:

A system of 1D free electrons gets localized under any amount
of uncorrelated diagonal disorder
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If the disorder is off-diagonal,
bonds

the system establishes random

RENORMALIZATION TECHNIQUE OF DASGUPTA-MA
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Random spin chains and RNA folding

MAPPING BETWEEN BONDS AND HEIGHTS
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ENTANGLEMENT:

Sites connected by a bond are entangled: a measure on one af-
fects the measure on the other

Entanglement entropy:
Number of bonds that are cut when a block is separated from
the system

AREA LAW:

Usually, in any quantum system at zero temperature the entan-

glement entropy of any block is proportional to the measure of

its boundary.
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DASGUPTA-MA OVEREXPLOITED

The aim is to characterize the ground states of closed spin chains when the couplings

{J;} are random and present non-trivial long-range correlations.

We will obtain samples from sets of log-
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Designing quantum systems

Is it possible to create a one-dimensional system where half the sites are linked by a
bond to the other half?
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(and bonds do not cross)
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THE RAINBOW:

J = 1 central link

J = o291 with a €
(0,1) and d number of
sites between the link
and the center

grows with the size of the block, but the area is the same
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Block entropy Sp(a)

Size of the block ¢

Maximum violation of area law!
G. Ramirez et al. J. Stat. _Mech.l(2015) P06002
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: Let’s examine other engmeered systems > 2
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Site-centered rainbow
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FOLDING THE SYSTEM

e ¢y All effective coupling are also short-range

Bond-centered symmetry Site-centered symetry

(original rainbow) (new version)
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couplings {t;} by employing a suitable
Fourier expansion

tj = Agsin(jk + ¢y)
k

k are a set of allowed momenta,

The phase ¢, is taken to be uni-
formly distributed in [0, 27)

Ay is chosen as independent ran-
dom variable

A = k™ Tuy,

up. are independent gaussian vari-
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Bond-centered system and site-centered system present
different topological phases protected by symmetry

kn=2mn/N,ne{l,--- 2N} ates, v is a fixed spectral exponent.

| Each RG step generates an effective spin 1 that couples to an effective spin 1/2 from the previous step = L effective spins 1 and two spins 1/2 at the
ends of the folded chain. This is the AKLT state of an open chain with L — 1 spins 1’s and two 1/2’s at the ends.
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It can be read as a pre-rough state. Study a string order parameter

a— 0 ( —loga > 1)
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e Entropy for small blocks: S ~ £X
e Roughness as a function of the window size: W ~ £X
e Probability distribution for the bond-length: P ~ [~"

2 . . .
Roughness exponent, & ———

Local entropy exponent, x ----s----
Length exponent, n - Weoenn

Randbow (random-rainbow)

THE HOPPINGS:

T =
a { exp (—h(|m| — £1n&y)), |m|>0. _

e (0 =0. Rainbow e §=2°% Completely random
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exp (—h(3 = 31n&))
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With A > 0 and &, a random variable uniformly
diStributed in the interval [07 1] ° I I I 4I°° 52]0 GIOD 7I°° B‘OO 9‘00 1000 0 1:30 2luo 3I00 41)0 5:30 GIOD 7loo B‘OO 9-‘30
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Correlation exponent ~

Entropy, roughness and length exponents

6 = 274 Bonds are symmetric e =23 Long-range bonds remain
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A USEFUL THEOREM: effective hopping through many links is independent of the structure of the state. ti—1/2,i4r+1/2]

Bond-length and entanglement scale with “dual” ex-
ponents:  + xy = 2

P()~1""  S(f) =~ X

e RNA:n=1/44, y = 0’56

- .
e¢ Random uncorrelated couplings: n =2, x = 0. - ijo(_DJ Lity
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z+3 + t@+4

David, Hagendorf, Wiese, JSTAT 2008

RNA folding can be simulated with spin chains!

J. Rodriguez- Laguna et al. 2016 New J. Phys. 18 073025
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t[’a— Litntm4p+3] =
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V Alba et al. J. Stat Mech. (2019) 023105
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