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Wigner-Jordan:  SpiNs = fermions
tlip-flop XY =2>hopping of electrons

Ising - Hubbard
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complex many-body interactions—=> spin “diffusion”




Effective Hamiltonian for CLOSED Systems
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Simple Quantum
Dynamics
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Levstein, Chattah, HMP J.Chem.Phys. 121, 7313 (2004)
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many-spin dynamics=>» quantum spin “diffusion”

HMP, Levstein, Usaj, Phys.Rev.Lett. 75,4310 (1995
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Mesoscopic Echoes: NMR experiments

Time-resolved observation of spin waves in a linear chain
of nuclear spins

Z.L. Madi, B. Brutscher, T. Schulte-Herbriiggen, R. Briischweiler, R.R. Ernst

Laboratorium fiir Physikalische Chemie, ETH Zentrum, 8092 Ziirich, Switzerland

The study described in this letter has been inspired
1 by discussions with Professor H.M. Pastawski and
oo T e remri oo mem o7 57 Professor PLR. Levstein who calculated nuclear spin

A A S wave evolution under a ‘planar’ or ‘XY' Hamilto-
nian [3].
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13C-H coupling farb. u.]

“ideal PC-'H spin-swap gate”
evolves 1solated

but...’H spin bath interacts
with 3C-'H

NMR Qﬁantum Dynamics—> fermions




Effective Hamiltonian for OPEN Systems
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detailed dynamics Rufeil&HMP ChemPhysLett. 420,35 (2006)

» but density is not conserved...! 00 02 04 06 08 10 12 14 16
1987 f,lms]

Local Polarization

Levstein, Chattah, HMP, Raya&Hirschinger et al JCP 2004




Phenomenology of Decoherence

(Biittiker 1986)
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Decoherence and evolution:
Keldysh=GLBE

Hamiltonian formulation D’Amato and HMP Phys. Rev. B 41,7411 (1990); Datta JPCM 2, 8023 (1990)
HMP Phys. Rev. 46 4053 (1992) review see HMP-Medina cond-matt 0103219

* Any imaginary energy I' (as in the Fermi Golden Rule)
requires a thermodynamic limit and involves “irreversible” decay to the environment
* Needs to add a charge conservation

N
= R,L+Z TR,igiTi,L
i=1

T last place where a dephasing collision occured




swap gate

double dot charge g-bit
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decoherence rate and frequency
are non-analytic
on the SE interaction strength




raw experimental data theory (no-fitting)

fermions + open systems+ time = Keldysh = GLBE (Landauer-Biittiker)

—->quantum dynamical phase
transition conamatososssr scros
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Summary

--We observed experimentally that the dynamics of
swapping gate has a transition to a frozen regime...!
...consequence of the “observation” by the environment
i.e. the Quantum Zeno Effect.

--Once more...as occurs with the Loschmidt Echo,

the observables are non-analytic on the Hamiltonian

parameters... 2 dynamical phase transition
(bifurcation).

--SURPRISE: The isotropy in the spin-spin interaction
can prevent the Quantum Zeno Effect
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[1] answer your guestions. . .! !




KeldySh in re | NUtShe": GLBE Pastawski PhysRevB 92 quantum
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GLBE for Spins (numerical implementation)

Danieli, Alvarez, HMP

_ GUR (?f) G< (0) GUA ( ) (1 . )1 + (4) ChemPhysLett 2005;

Alvarez, Danieli, Levstein,
~ _ HMP JChemPhys06
. t-m.) E< ( m) G[]A ( m)p (1 » )n m , emPhys

[cond-mat/0504347]
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Vacuum Rabli splitting (Nature Phys. 2006)

Figure 1 Vacuum Rabi
splitting using an atom or
dot in a small-volume
cavity. a, Schematic of a
single two-level atom with
dephasing rate y coupled to
a cavity with photon loss
rate « by coupling strength
g. b, VRS spectrum for zero
atom-cavity detuning.
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Quantum Zeno Effect

(many body environment=measurement)

Misra&Sudarsham J.Math.Phys.18,756 (1977); experiments—>Levstein,HMP&Calvo J.Phys.Cond.Mat.3,1877(1991),

theory->HMP&Usaj Phys.Rev.B 57,5017 (1998)
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dynamics

b eyo N d Short time regime
F G R “u s /’— Exponential

E.Fiori&HMP, Chem.Phys.Lett. 2006 regime
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Antiresonances: Destructive interference
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Resonant Spectra and the Time Evolution of the Survival and Nonescape Probabilities

(. Garcfa-Calderdn, J. L. Mateos, and M. Moshinsky

Institute de Fisica, Universidad Nacional Autdonoma de México, Apartado Postal 20-364, 01000 México, D.F., México
(Received 12 May 1994)




Interactions:
Zeeman, rf, dipolar (Ising + XY)

H=-Y w|B,—wly|I"-mBI"
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Ouantum Spin Dynamics

- Tnitial Condition u "
(liquid)

)

VRN

e source of dynamics

* /. Spin Diffusion?

* No! Quantum Dynamics:

local polarization=® Mesoscopic Echoes
HMP, Levstein, Usaj PRL 1995.




a related problem: electron transtfer

Tuning the through-bond interaction in a two-centre

problem J. Phys.: Condens. Matter 2 (1990) 1781-1794.
B P R Levsteint, H M Pastawskit and J L D’ Amato

Lg Instituto de Desarrollo Tecnoldgico para la Industria Quimica, Giiemes 3450, 3000 Santa
Fe, Argentina

Received 16 May 1989, in final form 22 September 1989
Abstract. Two centres A and B connected by one or more sets of bridging states ( pathways)
define a graph in the space of states. The Hamiltonian is decimated in this space and the
problem is reduced to that of two sites with corrected energies E, and Eg and an effective
interaction V5. The goal of the method is to make evident how the pathways should be
modified in order to tune the resulting coupling. The condition for maximum coupling is
E, = Eg(resonance) and is related to a generalised reflection-inversion symmetry while the
coupling minimises if V45 = 0 (anti-resonance). This is a non-trivial situation allowed by the
topology of the system which occurs whien two or more pathways interfere destructively.
The effects of resonances and anti-resonances in electron transfer and other applications are
discussed.
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creating a “spy”’
in the atomic world:
the 'H-13C swapping gate in NMR
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FIG. 3. ""C-NMR spectm of polverystalline ferrocene after a simple cross-
polarization experiment with 85 ws and 3 ms contact times, respectively.

at room temperature
half of the spins are up
the other half is down IH-1H Dipolar

interaction
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our experiments: finite and infinite networks of nuclear spins
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