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Motivation

Interference in time domain, 
Coherence and Decoherence

Quantum effectsQuantum effects

How can we use NMR at room temperature
as an effective one-body quantum system?

OneOne--dimensional dimensional systemssystems

OneOne--bodybody dynamicsdynamics

Non-Markovian environment, many-body superposition states
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Mapping to non-interacting fermions

Pair correlation function in a 5 spin chain, Liquid state NMR.
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Mapping to non-interacting fermions
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Local Polarization, autocorrelation function

Survival Probability

i Single-particle state localized at site i
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System-environment; Survival probability
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Wide band approx, Markovian approx

Exponential decay with a rate given by the Fermi Golden Rule (FGR) approx

FGR � 1st order approx in a perturbation theory, no returns from the environment, 
no memory effects...  If one consider a non-Markovian environment...

Well-defined
resonance
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SCSC--FGRFGR return correction from the environmentreturn correction from the environment

Survival Probability and LDoS

system without 
localized eigenstates

Resonance

( ) ( ) ( )[ ]
2

0

0

/

0

//´/

00 ´´ε´0 ∫
∞

−−−−Γ− −−−+= εεεε εεεε
iNeiNeedea(t)P U

ti

L

titti ULr ����

Analytic continuation of LDoS

discrete

spectrum

localized

eigenstates

Continuous spectrum

Extended eigenstates



Survival Probability; Exponential Decay
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Survival Probability; Short time behaviour
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Short cross-over time and QZE

In the range of quadratic decay a recursive projective measurement of state |0> at a 
time interval τφ would produce a deceleration of the decay, Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.Quantum Zeno effect.
Then, an upper bound for this time-scale is τφ < < < < tStStStS....
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Survival Probability; Long time behaviour
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Long cross-over time and AZE
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Survival collapse:
destructive interference
between pure survival

(exponential) and
return (power law) amplitude
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acceleration of the decay



summary (of the first part...)
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Non-interacting fermions
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Mapping to non-interacting fermions
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Effective one-body quantum dynamics manifested 
in the MQC orders

do not conmute with thermal 
equilibrium state

mixes subspaces with different spin 
projection (total magnetic 
quantum number) creating

many-body superposition states: 
Multiple-Quantum Coherences
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Solid-state NMR N identical spins 1/2  � dipolar Hamiltonian:
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Off-diagonal elements of the density matrix, in the z-basis, the coherences
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involved in the transition:
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Zero Quantum Coherence
and poblations

+/- 1 Quantum Coherence
Transversal Magnetization

+/- 2 Quantum Coherence

Multiple-Quantum Coherence
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Ca5(OH)(PO4)3.

Arrangement of  linear columns of protons 
in calcium hydroxyapatite.

Hexagonal Hydroxyapat
Ca10(PO4)6(OH)2

P O Ca H

Hydroxyapatite: a one-dimensional system



Dynamical effect -> Quantum Zeno effect
ratio between characteristic time in the chain to cross-chain (FGR) dynamics
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only Zero- and 2-order coherences

Mapping to non-interacting fermions
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HDQ dynamics
2nd order quantum coherence,
4th order quantum coherence x 10.

ONLY 2-QC!!!

HXX dynamics
2nd order quantum coherence,

4th order quantum coherence x 10.

Experiental results: M-QC dynamics

0 30 60 90 120 150

0.00

0.02

0.04

0.06

 

 

2
Q

C
 a

n
d
 4

Q
C

 I
n

te
n

si
ti

es

τ, preparation time [µs]

H
DQ

 2-QC

 4-QC x 10

0 30 60 90 120 150 180 210

0.00

0.02

0.04

0.06

0.08

 

 

2
Q

C
 a

n
d
 4

Q
C

 I
n
te

n
si

ti
es

τ, preparation time [µs]

H
XX

 2-QC

 4-QC x 10 
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� By using solid state nuclear magnetic resonance in a quasi 1d 
network of coupled spins, we built an effective one-body 
quantum dynamics and checked how it is manifested in the 
MQC orders. Results indicate that, in spite of the 
unavoidable residual nnn interactions, HAp can be used as a 
"quantum simulator" of non interacting fermion dynamics. 

� Decoherence is tested through a form of Loschmidt echo 
experiment which reveals that in this 1-d system, the 
double-quantum dynamics presents an exponential decay, in 
contrast with results (Fermi-like decay) in 3-d systems.

Summary (of the second part)



Experimental results: Loschmidt Echo under HDQ
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