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Quantum Dynamical Phase TransitionQuantum Dynamical Phase Transition

in NMR, double quantum dots in NMR, double quantum dots 

and two level systemsand two level systems

Universidad Nacional de Córdoba

Facultad de Matemática, Astronomía

y Física  (50th anniversary)

Horacio M. Pastawski



Wigner-Jordan: spins fermions

Zhang, Meier y Ernst Zhang, Meier y Ernst Phys.Rev.LettPhys.Rev.Lett.1992.1992

flipflip--flop XY flop XY hopping of electrons hopping of electrons 

IsingIsing HubbardHubbard

complex manycomplex many--body interactionsbody interactions spinspin ““diffusiondiffusion””

interactionsinteractions

ON /OFF ON /OFF 

and scaled and scaled 

with r.f. pulseswith r.f. pulses



Effective Hamiltonian for CLOSED SystemsEffective Hamiltonian for CLOSED Systems
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Simple Quantum Simple Quantum 

DynamicsDynamics
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finite chain: real selffinite chain: real self--energyenergy
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mesoscopic echoesmesoscopic echoes

++……decoherencedecoherence

aa 1313CC

“spies”“spies”

thethe 11HH

spinspin

manymany--spin dynamicsspin dynamics quantum spin quantum spin ““diffusiondiffusion””

HMP, Levstein, Usaj, HMP, Levstein, Usaj, Phys.Rev.LettPhys.Rev.Lett.. 7575, 4310 (1995), 4310 (1995)
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Mesoscopic Echoes: NMR experimentsMesoscopic Echoes: NMR experiments
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??

““idealideal 1313CC--11H spinH spin--swap gate” swap gate” 

evolves isolatedevolves isolated

but…11HH spin bath interactsinteracts

with 1313CC--11HH

NMR Quantum DynamicsNMR Quantum Dynamics fermionsfermions

Levstein, Usaj, HMP JCP1998Levstein, Usaj, HMP JCP1998



Effective Hamiltonian for Effective Hamiltonian for OPENOPEN SystemsSystems
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Phenomenology of DecoherencePhenomenology of Decoherence

(B(Büüttiker 1986)ttiker 1986)
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Decoherence and evolution:Decoherence and evolution:

Keldysh=GLBEKeldysh=GLBE
Hamiltonian formulation  Hamiltonian formulation  D´Amato and HMP Phys. Rev. B D´Amato and HMP Phys. Rev. B 4141,7411 (1990); Datta JPCM ,7411 (1990); Datta JPCM 22, 8023 (1990) , 8023 (1990) 

HMP Phys. Rev. HMP Phys. Rev. 4646 4053 (1992)4053 (1992) review see HMPreview see HMP--Medina  condMedina  cond--matt 0103219matt 0103219

•• Any Any imaginary energyimaginary energy (as in the Fermi Golden Rule) (as in the Fermi Golden Rule) 

requires a requires a thermodynamic limitthermodynamic limit and involves “irreversible” decay to the environmentand involves “irreversible” decay to the environment

•• Needs to add a charge conservationNeeds to add a charge conservation
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swap gateswap gate
double dot charge qdouble dot charge q--bitbit

FermionsFermions spinsspins

CoulombCoulomb IsingIsing



decoherence rate and frequency
are non-analytic

on the SE interaction strength
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quantum dynamical phase quantum dynamical phase 

transitiontransition condmat0504347 JCP06condmat0504347 JCP06

fermions + open systems+ time Keldysh GLBE  (Landauer-Büttiker) 

raw experimental dataraw experimental data theory (notheory (no--fitting)fitting)



quantumquantum

dynamicaldynamical

phasephase

transitiontransition

k=0 Heisenberg

k=1  XY

b/ 2 k/ SE
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Summary
----WeWe observed experimentallyobserved experimentally that the dynamics of that the dynamics of 

swapping gate has a transition to a frozen regimeswapping gate has a transition to a frozen regime……!!

……consequence of the consequence of the ““observationobservation”” by the environmentby the environment

i.e. the i.e. the Quantum Zeno Effect.Quantum Zeno Effect.

----Once moreOnce more……as occurs with the Loschmidt Echo,as occurs with the Loschmidt Echo,

thethe observables are nonobservables are non--analyticanalytic on the Hamiltonian on the Hamiltonian 

parametersparameters…… dynamical phase transition dynamical phase transition 

(bifurcation)(bifurcation)..

----SURPRISE:SURPRISE: The isotropy in the spinThe isotropy in the spin--spin interaction spin interaction 

can prevent the Quantum Zeno Effectcan prevent the Quantum Zeno Effect
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Fernando Cucchietti and  Gustavo MontiFernando Cucchietti and  Gustavo Monti

Horacio, Ernesto Danieli, Gonzalo Usaj,Horacio, Ernesto Danieli, Gonzalo Usaj,
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Gonzalo AlvarezGonzalo Alvarez

who we arewho we are:



Thank you AntorchasThank you Antorchas…!!…!!



I’ll answer your questionsI’ll answer your questions…!!…!!



Keldysh in a Nutshell: GLBE Keldysh in a Nutshell: GLBE PastawskiPastawski PhysRevBPhysRevB 9292
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GLBE for spins GLBE for spins (numerical implementation)(numerical implementation)
Danieli, Álvarez, HMP Danieli, Álvarez, HMP 
ChemPhysLettChemPhysLett 2005; 2005; 

Álvarez, Danieli, Levstein, Álvarez, Danieli, Levstein, 
HMP JChemPhys06 HMP JChemPhys06 

[cond[cond--mat/0504347]mat/0504347]



Vacuum Rabi splittingVacuum Rabi splitting (Nature Phys. 2006)



Quantum Zeno Effect Quantum Zeno Effect 
(many body environment=measurement)(many body environment=measurement)

Misra&Sudarsham J.Math.Phys.Misra&Sudarsham J.Math.Phys.1818,756 (1977); ,756 (1977); experimentsexperiments Levstein,HMP&CalvoLevstein,HMP&Calvo J.Phys.Cond.Mat.J.Phys.Cond.Mat.3,3,1877(1991), 1877(1991), 

theorytheory HMP&UsajHMP&Usaj Phys.Rev.BPhys.Rev.B 5757,5017 (1998),5017 (1998)



dynamics

beyond

FGR…
E.Fiori&HMP, Chem.Phys.Lett. 2006



Interactions:Interactions:
Zeeman, rf,  dipolar (Ising + XY)Zeeman, rf,  dipolar (Ising + XY)
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introduction
Quantum Spin DynamicsQuantum Spin Dynamics

BB

d

•• Initial ConditionInitial Condition

(liquid)(liquid)

• source of dynamicssource of dynamics

•• ¿Spin Diffusion?¿Spin Diffusion?

local polarizationlocal polarization Mesoscopic EchoesMesoscopic Echoes
HMP, Levstein, Usaj PRL 1995HMP, Levstein, Usaj PRL 1995..

•• No!          Quantum Dynamics:No!          Quantum Dynamics:



a related problem:  electron transfera related problem:  electron transfer



creating a “spy”creating a “spy”

in the atomic world:in the atomic world:

thethe 11HH--1313CC swapping gate in NMRswapping gate in NMR

1H-1H Dipolar 

interaction

13C

at room temperatureat room temperature

half of the spins are half of the spins are upup
the other half is the other half is downdown



fermions

/

/

/

/

/

/

/

/



FerroceneFerrocene CymantreneCymantrene

our experiments: finite and infinite networks of nuclear spins

MBBAMBBA

C60(ferrocene)2
C60(ferrocene)2

5CB5CB

cobaltocenecobaltocene

8CB8CB




