
C. Jess Riedel, REDUNDANT INFORMATION AND THE QUANTUM-
CLASSICAL TRANSITION this WEDNESDAY 2 pm in 3302 Broida,
a conference room directly across from the elevators 
on the 3rd floor of the physics building.

Topology in 

Superposition

• Phase winding by Bose-Einstein condensation 

• Miscibility-immiscibility quantum phase transition
• Critical dynamics of decoherence

• Assisted finite rate adiabatic passage through quantum critical point

• Topological Schrödinger Cat in a quantum Ising
chain

• Quench from Mott insulator to superfluid

Wojciech H. Zurek



Phase winding around the loop…
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Phase chosen independently in each of

Therefore, expected mismatch of phase of the “condensate” is:
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This implies a gradient of phase of             which implies a velocity:
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and a winding number:
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fragments of the loop

In a loop topology winding number is preserved.

(WHZ, Nature „85)
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First experiment: Polturak et al., Haifa, 2001… More recent experiments by Brian 

Anderson, Tucson;







All second order phase transitions fall into universality classes

characterized by the behavior of quantities such as specific heat,

magnetic susceptibility, etc. This is also the case for quantum 

phase transitions.

Equilibrium behavior of the relaxation time and of the 

healing length near the critical point will be essential; they 

determine density of topological defects formed by 

nonequilibrium phase transition -- by “the quench”.
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“CRITICAL SLOWING DOWN” “CRITICAL OPALESCENCE”
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“When symmetry breaks, how big are the pieces?”



Derivation of the “freeze out time”…
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Assume: 
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Relaxation time:              

determines  “reflexes” of the system.

The potential                                              changes at a rate given by:
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Relaxation time is equal to this rate of change when
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… and the corresponding “frozen out”

healing length
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Or:
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adiabatic adiabatic
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The corresponding length follows:
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WHZ, Nature, 317, 505 (1985)…



When symmetry breaks, how can one calculate     , 

the “size of the pieces”?
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Our simulation of Bose-Einstein condensation 

in a torus:

Arnab Das, Jacopo Sabbatini, WHZ
Nature Sci. Reports, 2, Article number 352
arXiv:1102.5474
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http://arxiv.org/abs/1102.5474






Winding number

Condensed atom #  

Angular momentum

Specific ang. mom.



(c) BEC buildup as a function 
of time lags behind: The critical 
point is traversed at t=0. All the 
plots overlap when rescaled by 
the characteristic time that follows 
from the KZM: 

“A” marks sharp “knee” where 
catching up with equilibrium N starts. 

(b) Winding number as a function 
of quench timescale. (Inset in (b): 
Distribution of winding numbers 
For a single quench time is nearly
Gaussian.)



2-D Simulation of BEC 

Formation

Das, Sabbatini, WHZ 











Critical Dynamics of 

DecoherenceIsing chain driven through the phase transition(s) is an 

environment of a single qubit. We study decoherence

factor. 

B. Damski, H. T. Quan, WHZ  
Phys. Rev. A83: 062104,2011

http://arxiv.org/find/quant-ph/1/au:+Damski_B/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Damski_B/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Quan_H/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zurek_W/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zurek_W/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zurek_W/0/1/0/all/0/1






Adiabatic crossing 

of a
quantum phase transition

A. del Campo, M. M. Rams, W. H. Zurek, PRL, arXiv:1206.2670

http://xxx.lanl.gov/abs/1206.2670


Take a time-dependent Hamiltonian with instantaneous eigenstates:

Write the adiabatic approximation

Look for a Hamiltonian for which the adiabatic approximation is exact

It follows that

Auxiliary  term:

Idea

Demirplak & Rice 2003, 2005; M. V. Berry 2009 



Quantum critical systems

Family of quasi-free fermion models

Model dependent vector

Examples: Ising, XY in 1D, Kitaev model in 1D, 2D
Auxiliary Hamiltonian in Fourier space

Long-range time-dependent interactions. Example: Ising model 

A. del Campo, M. M. Rams, W. H. Zurek, PRL, arXiv:1206.2670

http://xxx.lanl.gov/abs/1206.2670


Precluding the KZM scaling

Transverse field: linear quench of through critical point

Truncated Auxiliary Hamiltonian

KZM

Range of 
interactions 

M

A. del Campo, M. M. Rams, WHZ, PRL 

arXiv:1206.2670

To verify if it works:

http://xxx.lanl.gov/abs/1206.2670
http://xxx.lanl.gov/abs/1206.2670


arXiv:1106.2823 Topological 
Schrödinger cats… J. 
Dziarmaga, WHZ, M. Zwolak: 
Nature Physics 8, 49-54 (2012)

Topological Schrödinger Cat in a Quantum 

Ising ChainNon-local superposition

of “kinks”: 

http://arxiv.org/abs/1106.2823
http://arxiv.org/find/quant-ph/1/au:+Dziarmaga_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Dziarmaga_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zurek_W/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zwolak_M/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zwolak_M/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zwolak_M/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Zwolak_M/0/1/0/all/0/1










Vortices in 2D and 3D


