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Coupled Quantum Mechanical Systems

Initial pure state
0p)= ¥ @ DAY ® D|
Reduced density matrix
p(t) = Tr,, exp[-iHt] p, exp[iFt]
= entanglement

— decoherence
PUIGY,

A(t) = Try{ p, (O}
0<P1)<1




Entanglement in bipartite chaotic systems

Semiclassical
vanishing coupling

Two-Body Hamiltonian
H=H &®IL+I1,®H,+ hl

Initiall product two-particle state / localised Gaussian wavepackets
V) ® | W) =W, W) , p=P, W ¥,

(x; W) eXp[iPOi(Xi'TOi_)] eXP['(_Xi'TOi)Z / 20°]
Calculate the reduced density: matrix and Its; purity

p,(t) = Tr, {exp[-ittt] p, exp[ittt]} , Pt) = Try{ p,(t)?}

Semiclassical tWo-palticle propagators

Fast one-particle actions S~

(%, || exp[-iH] [y = (1)ch wexp[ i{S.+S.+S, .+}]

S, s’
Classical paths
determined by H, and H, Slow two- partlcle action




Semiclassical Purity

[Fast one-particle phases} [SIOW two-particle phase]

Pty faxdy, 2 A, ATA, AT exp[id, ]

s,lLk,m

X [ds.,d {exp[i®, ]

Xxexpli D, ]}

Stationary Phase Approximation over one-particle phase :
D = S, (r,X58)-Sy, (1,X 50+, (1, 158) - S (14,Y450)

s m k 1
Slow two-particle phase reduced to :

(I)12= Ss, _Sk, +Sk, =5

S,




Semiclassical Purity

s k

P(t) e f dx,dy, f dx,dy, Szk |As|2 |Ak|2 @

s=k,

"4

3> Nondiagonal contribution; decays with phase




Semiclassical Purity

P(t) = exp[-\t] + exp[-/-t] + exp[-2I't]

system # 1
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Lyapunov_Regime

Chaotic system : kick rotator map
\Launov S —
Sz}tltuli'atlon
| <« Scaling of

decays with A




From Entanglement to Decoherence

Much shorter time scales : Faster Hamiltonian flow,

Increased chaoticity Ay
Bigaer IHilbert space: : N1

Unprepared initial state. — superposition off many: Gaussian

1
expli lexp[- 2/2062




Semiclassical Purity (becoherence case)

P(t) = exp[-\t] + exp[-/-t] texp[-21't]
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Quantum-to-Classical Crossover

Wigner function as a phase space representation

Quantum contribution
[ Classical dynamics J dominates after the

generated by Ehrenfest time

Poisson bracket
\ 'h 2n(_ 1 )n

_I_
2 220 (2n+1)!

atW — aX2n+1 V ap2n+1 W
How to kill the quantum contribution before
the Ehrenfest time and conserve

the classical dynamics ?

Heller & Tomsovic Physic Today 93

Ehrenfest time : t;= A"'Ln(I/h)
Casati & Chirikov Physica D 95




Phase space representation
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Conclusions

Decay: off purity: results from a competition; between; :
+ related to the
+ Quantum' Regime related to the Coupling:
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