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Cadeias de spin

» Possibilidade de resultados exatos;

» Quebra espontanea de simetria, transicdes de fase, ordem de
longo alcance, etc;

» Ansatz de Bethe, grupos de renormalizacdo, Monte Carlo
quantico, etc;
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Desordem em sistemas de muitos corpos

» Origem: impurezas, vacancias, defeitos, entre outros;

» Alteracdes das propriedades do sistema;

walz) extended

e

» Toy models: cadeias de spins desordenadas;
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A interacdo de troca

» Sistema de dois elétrons

01 = 5 [01(r)0a() + r(rnl) xaleonioz) L (1)

1
o = 7 {¢1(f1)¢>2(|’2) - ¢1(r2)¢2(f1)}X5(01702) (2

» Interacdo coulombiana

o2
V(ri—r)= | (3)
» Diferenca de energia AE = E; — E>
AE =2 [ dPridrasi(m)ds(e) Vin - p)és(n)a(n)
(4)
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A interacdo de troca

v

Hamiltoninano efetivo de spin

Hspin = Csl : S2 +D ; (5)

v

Diferenca de energia

<X5‘Hspin‘XS> - <XA’Hspin’XA> =C , (6)

v

Hamiltoniano de Heisenberg

H=J) S;-S; , (7)
(i)

v

J: interacdo de troca;

v

Spins interagentes localizados;

Eduardo Nascimento Cadeias de Spins Desordenadas



Cadeia de Heisenberg antiferromagnética

» Hamiltoniano da forma
N
H=J>S;-Sjj , (8)
j=1

com J > 0;
» Operador de spin total

N
Stot = E SJ ) (9)
j=1
» |nvaridncia rotacional

[H,smt} —0 (10)

» |nvaridncia translacional;
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Murray T. Batchelor

Cadeia de Heisenberg antiferromagnética

» Soluc3o exata: ansatz de Bethe;

The Bethe ansatz
after 75 years
A 1931 result that lay in obscurity for decades, Bethe’s solution to a

quantum mechanical model now finds its way info everything from
superconductors to siring theory.

i member of the Matemaical Sciences Institue cf the Aus

y is heod of he d
relian Nationdl Universiy in Ganberr.

Hans Bethe introduced his nowfamous ansatz to bta

the nergy cigensates of the ne-dimencional wersion of
Wernts Ftsenengs model o interacing, ocalized apiné
asolid. i Although it is amang Bethe's most cited works and
hasa wide range of applications, it is rarely included in the
graduate physics curriculum except at the advanced level.
The 75th anniversary o the Bethe ansat s sppropriatly
masked by rflectig onthe Impacto et remltan o

yshich means that ench cigerstat s alncar combinationof
basis states that all have the same number of down spins. In
oiher words, the Hamilionian for an array of L Spne is &
block-diagonal matrix, with one block for each number of
‘down spins. Itis useful to think of each down spinasa qua-
siparticle, and the state of all up spins as the vacuum state.
‘The wavefunction for a single quasiparticle looks very
much like the wavefunction for o fre particle n a e

rn physics, ranging fro: found n the field
o cacly sotved models i Aatsical echanies o insights
into the sublle nature of quantum many-body effects ob
served in cold quantum gases.

Bethe (figure 1) completed his PhD inthearetical physics
under Amold Sommerfeld in 1928, During his subsecuent
tne ttheUriversty of Mich et e 2 aveling ik
lowship o goto Cambridge inthe al of 193 an to Rome

ring, the Spring terms of 1931 and 1932, His 1931
puhhshd in German in Zeitschrif fiir Physik, was submitted
from Rome. That period was one of the most exci
in the history of physics; the theory of
was being refined and applied to reveal the intricate nature
of the quantum realm. Those breathiaking developments

paper,

along with encounters with pioncers such as Heisenberg,
el Dirng and Encico Ferm dmrl\, i seong influence
the's res al details, see the

Pl of 21 Een e with o of ore partices are more
complicated because the particles interact —but the interac:
tion is short-range, since only pairs of nearest-neighbor spins
contribute to the Hamiltonian.
Bethe developed his ansatz by looking at those reions,
anfigration spae of quasiparides where il the
quasiparticles are separated from . For 1 quasi
partics there are nf suchregios in e mersonal con
e, one for each ordering o
B b lea was fo hape that he avehundion in cach
region is a superposition of plane waves, as if the quasipar-
ticles were not interacting at all. By matching the wavefunc
tions on the interfaces bol\\m\n ihose regions e worked out

et 2008 Hone Bete specal issie of PHYSICS ToDAY;for
Bethe's own account of his time spent with Fermi in Rome
sce PHISICS TODAY, June 2002, page 25,

pmno e T v s
then o longer oy e multiples of /L. Taking the place of

q , or simply the Bethe eq

Figura: M. Batchelor. Physics Today 60, 36 (2007).



Cadeia de Heisenberg antiferromagnética
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4. --Withultracold quantum gases

Immanuel Boch et a.

Detecton possbilites and exteme
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Avariety of nteractions can be
‘engineered with high precision

Article metrics and the first proof-of-principle
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Abstract with photonic systems

Al Aspuru-Guzk and Phifp Wather

B vonikeovertree space ana in
B waveguide structures, these

One of the simplest quantum many-body systems s the spin-1/2 Heisenberg antiferromagnetic enable the natural investigation of

quantum transport phenomens.
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chain, a linear array of interacting magnetic moments. Its exact ground state is a macroscopic
singlet entangling all spins in the chain. lts elementary excitations, called spinons, are fractional See complete feature »
spin-1/2 quasiparticies created and detected in pairs by neutron scattering. Theoretical predictions

states, yet to be experimentally located, are predicted to participate in the remaining. Here, by .
naturejobs.com ¥

antiferromagnetic chain compound, we account for the full spectral weight to within 99(8)%. Our Clinical Geneticist
data thus establish and quantify the existence of higher-order spinon states. The observation that, University of Colorado Denver School of Medicine

within error bars, the experimental line shape resembles a rescaled two-spinon one with similar

accurate absolute normalization of our inelastic neutron scattering data on a spin-1/2 Heisenberg

POSTDOC In Cardiopulmenary Molecular Blology
boundaries allows us to develop a simple picture for understanding multi-spinon excitations. o e L e
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Cadeia de Heisenberg antiferromagnética

» Hamiltoniano local

1
Hijr1=5J

2
> (Sj + Sj+1) ~-S7 - SJ2+1] ;o (11)

» Estado fundamental local: singleto
1

=110 -14) (12)

» Estados excitados locais: tripleto

1)
=9 H(th+1n)
| )
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Cadeia de Heisenberg antiferromagnética

v

Estado fundamental do sistema: singleto macroscépico (todos
os spins estdo emaranhados );

v

ExcitacBes elementares

w = Flsin(k)| (13)

onde k & o momento da cadeia,

v

Excitacdes com spin total ndo nulo;
Gapless : Teorema de Lieb-Schultz-Mattis;

v
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Cadeia de Heisenberg antiferromagnética: susceptibilidade
magnética

Q.10 = L - i 0,10
JIX
3N

0.08+

0.06+

0 05 10 :'.sk _l;mz’.o 25’
Figura: J. C. Bonner e M. E. Fisher. Phys. Rev. 135, A640 (1964).
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Cadeia de Heisenberg antiferromagnética: funcdo de
correlacdo

» Funcdo de correlacdo spin-spin

(1)
(S7S7, ) ~ , (14)
» Decaimento algébrico das correlacdes: ordem de quasi-longo

alcance;

» T =0 é a temperatura critica do sistema;
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Cadeia de Heisenberg com interacdes aleatdrias

» Hamiltoniano da forma

N
Ho = JiSi-Sjt1 (15)
j=1

onde J; > 0 e fixos no tempo;
» Distribuicdo de acoplamentos P(J; ), com 0 < J < Qo;

» Distribuicdo larga: desordem forte (strong disorder);
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Renormalizagdo no espaco real (Ma e Dasgupta)

> J1, J2 < Q;
» Teoria de perturbacdo de segunda ordem

Hlocal — const. + J'S1-Ss (16)

» Acoplamento efetivo

S

'
S = 20

<<J17J27Q ’ (17)
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Renormalizagdo no espaco real (Ma e Dasgupta)

» Reducdo da escala de energia;
» Alteragdo da distribuicdo de probabilidades P(J; Q2);

Ly-ue
| 3K

J=1/4

J=12

03

L L]
KA

Figura: S. K. Ma, C. Dasgupta e C.-K. Hu. Phys. Rev. Lett. 43, 1434
(1979).

Eduardo Nascimento Cadeias de Spins Desordenadas



Renormalizagdo no espaco real (Ma e Dasgupta)

» Equacdo de fluxo

Q
—8P(J;Q):P(Q;Q)/ dJldJQP(Jl;Q)
o002 0
_ S
X P(JQ,Q)é(J _ ﬁ) . (18)
» Solugdo de ponto fixo (Daniel Fisher)
(Q) Q 1-a(Q)
(6
P (J; Q)= ——| = Q- 19
=225 we-) . )
onde )
Q=—— 2
o= taTy (20)
» Renormalizag3o assintoticamente exata em baixissimas
temperaturas;
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Fase de singleto aleatério

> A o0 o oo a o> oo 5 a v s

Figura: D. S. Fisher. Phys. Rev. B 50, 3799 (1994).

» Spins arbitrariamente distantes formam pares singleto;

» Carater localizado;
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Previsdes sobre o comportamento do sistema

» Fracdo de spins ativos na escala de energia Q = Qge "

» Distancia tipica entre os spins
1 Q ?
L(T) ~ ~ | In |2 22
(N~ 5~ | ( - ) , (22)
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Previsdes sobre o comportamento do sistema

» Susceptibilidade numa escala de energia Q = T

n~" 1 , (23)

T[In(Qo/T)r

» x(T) diverge quando a temperatura dimunui;
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Previsdes sobre o comportamento do sistema

» Correlacdes médias

1
S S~ (24)

» Raros pares singleto fortemente acoplados;

» Correlacdes tipicas muito fracas

Ciic(p) ~ e™*V" . (25)
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Muito obrigadol

Eduardo Nascimento Cadeias de Spins Desordenadas



