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Quantum states
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Quantum states

quantum closed system S, pure state |¢(zg,t))

1h 5

— HS(xS)W(ZIJS, t)>

quantum open system S-+R, pure state |¢(zg, R, t))

8|¢(aj57 TR, t)>
ot

ih = [Hs(zs) + Hr(zr) + V(xs,zr)] [¥(zs, TR, t))

a quantum trajectory
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Stochastic unravelling (reconstruction) — different approaches
Why?

* foundations of quantum physics — decoherence and localization, quantum
jumps
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Quantum state diffusion

quantum open system S+R — Schrodinger equation

m%m — [Hs + Hr + Hsr] |4)
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Quantum state diffusion

quantum open system S+R — Schrodinger equation

m%m — [Hs + Hr + Hsr] |4)

reduced dynamics S-+R —— S, von Neumann-Liouville equation
for Born-Markov approximation (A. Kossakowski, G. Lindblad)
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unravelling — stochastic Schrodinger equation

|d) = [3p(t + dt)) — |¢(t)) = |drift) dt + | fluctuations) d€

d¢ is a complex \Wiener process with: d€ = 0, Re(d¢)Im(d€),

Re(d§)Re(d€) = Im(d€)Im(dE) = dt
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Example 1: Quantum chaos in a kicked top
JI, P. Peptowski, J.Phys. A 28, 2183 (1995)

p=—i[Ho+ Hy,p| + Ap

Hy = 8J, le%ZcS(t—k) J2
5

Ap=2([TppJ ] + he) + g—;([J_,pJ+] + hec)

2
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Example 1: Quantum chaos in a kicked top
JI, P. Peptowski, J.Phys. A 28, 2183 (1995)

p=—i[Ho+ Hi,p| + Ap
Hy = 8J, le%Z&t—k) J2
5

Ap= ;—;( [Ty,pJ] + hec.) + ;—j( [T, pJs] + he.)

properties

0 < a <1 - stable north pole AP
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Chaotic motion a = 3.00
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Example 2: Tunneling

Two-level approximation of a double-well potential




29-04-2003, 06-05-2003 QT -9

Example 2: Tunneling

Two-level approximation of a double-well potential

€ — EL — ER
A = wpexp [—d\/ZmAU/h]

1 1
Hy(t) = —§hAam + §heaz




29-04-2003, 06-05-2003 QT -9

Example 2: Tunneling

Two-level approximation of a double-well potential

€ — EL — ER
A = wpexp [—d\/ZmAU/h]

1 1
Hy(t) = —§hAam + §heaz




29-04-2003, 06-05-2003 QT -9

Example 2: Tunneling

Two-level approximation of a double-well potential

€ — EL — ER
A = wpexp [—d\/ZmAU/h]

1 1
Hy(t) = —§hA(7m + §heaz




29-04-2003, 06-05-2003 QT -9

Example 2: Tunneling

Two-level approximation of a double-well potential

€ — EL — ER
A = wpexp [—d\/ZmAU/h]

1 1
Hy(t) = —§hA(7w + §heaz




29-04-2003, 06-05-2003 QT -9

Example 2: Tunneling

Two-level approximation of a double-well potential

€ — EL — ER
A = wpyexp [—d\/ZmAU/h]
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Hy(t) = —57@Aaw + §heaz
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position ~ o0, =
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Pr(t) = 5 ((0=(t)) +1)

1
2

thermal bath coupled
through o,

position ~ o0, =
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von Neumann-Liouville evolution

S (oy(t)) —2k Ay 0 Aq
dR _ = 5 _ CA) | —Q0 O —Aq 0
dt = (oy(t)n(t))y |’ T 0 A7 —2k—-2v Ay

(o, (t)n(t)) ~-A; 0 —Ay —2v
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stochastic evolution

dop = (e + A(t) cos(¢) cot(9)) dt — /kIm(dE)

K

df = (A(t) sin(@) — 5 sin(0) cos(e)) dt — /r sin(8) Re(d§)
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stochastic evolution

dop = (€ + A(t) cos(¢p) cot(0)) dt — /kIm(dE)

K

df = (A(t) sin(¢) — 2 sin(0) 008(9)) dt — \/ksin(8) Re(de)




time static fluctuating
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Benefits and questions

Advantages:

single realization - insight into the very
foundations of quantum physics
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