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Parametric Down Conversion

: Splitting a photon into two
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Delayed Choice Quantum Erasure
REVISITED

Kim et al., PRL84, 1(2000); C.K.Hong and T.G.Noh, JOSA B15, 1192(1998)
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Entanglement

• Systems A and B are interacting. 

• There is no state vector description of system A. 
Only the density matrix description of system A 

is available by tracing over the rest of the total 
system. 



Entanglement and Decoherence

A

B or Environment

When system A is entangled with environment, 

state of A cannot be described by a state vector, 

but by a density matrix.



Zurek, QP/0306072



Quantum to Classical

• Isolated, closed system scenario:

• Open system scenario:

Decoherence



Quantum to Statistical

• Isolated, closed system scenario:

ETH (Eigenstate Thermalization Hypothesis)

• Open system scenario: 

Decoherence



• Classical Equilibrium Statistical Mechanics 
maximizing probability

• Quantum Statistical Mechanics inherits this. 

?



Decoherence Picture

• An equilibrium state [steady] corresponds to 
an energy eigenstate [steady] of the total 
system. 

• By tracing out the environment (bath), 
the system A can be described by a density 
matrix 

cf. G. Mahler et al., Physica E, 29, 53-65 (2005)
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Energy conserving Random walk in conjugate basis space

Model
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• Temperature ~ eigenenergy of the total system

• Entropies of subsystems ~ extensive/additive

Entropy of the total system = 0



\sum
\sum

\sum

Using lowest eigenstates
… highest states ~ negative temp

instead of 

Approximate Hamiltonian matrix

16,777,216 x 16,777,216



Using lowest eigenstates



What I expect: 

• Demonstrate equilibrium as a decoherence.

• Clarify Temperature and Entropy. 

• Understand ‘Isolated vs Open’ 
in the emergence of 
classical mechanics and statistical physics.




