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Derivation of quantum master equation

Breuer/Petruccione (Sec. 3.1.2)

— Starting point is ‘interaction picture’ dynamics for total density matrix p(t)

p(t) is a state, it makes sense it evolves under H;
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plug it back!

H = Hs + Hp

5 P(t) = —i[H1(t),p(t)]  or equivalently p(t) = p(0) — i f ds|Hi(s), p(s)] (B, Hs, pB)
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and do one extra step: take partial trace over bath (B)

ps = Trp(p(t))
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BUT on RHS we have still total density matrix dependence p(s)

FIRST APPROX: Born approximation p(s) = ps(t) @ pg
weak system-bath coupling (H;)

S ps(t) = / dstrp [Hy(t), [Hi(s), ps(s) ® ps]]

source: Breuer/Petruccione ’s book



Derivation of quantum master equation

(S BaH5®HBap)

H = Hs + Hp
d dstrp [H [Hy(
’ dtﬁs strp [Hi(t), [Hi 8) - ® pal Redfleld equation S, Hs, ps)
K}QY( @or certain physical systems PEEN
t) Pne has to stop here!) System
- - H H
SECOND APPROX: Markov approximation p(s) = ps(t) @ pg
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— now perform the <~~~ change of variables s > t — s
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— ASSUMPTION on timescales separation:

e we want the integrand to decay sufficiently fast for s > tp (75 IS the time scale over which corr. functions of the bath decay)

memory effects with it (ps(s) = ps(t)) assuming here infinitely large reservoir, otherwise there are recurrences!



Initial conditions
—
|

are washed out

Derivation of guantum master equation
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— our final goal Is to convert the integro-differential equation for p into a differential one with fully local time-dependent
terms

Hr = Z Ao ® Ba. +h.c. — A, and B, evolve with their respective free hamiltonians

k/ k/ Operators of the bath (reminder: we are in interaction picture). | eeff’s* A, (w)e_iHst — e WiAQ (w)
operators of the system

Hi(t) =) e ™!'Ay(w) ® Ba(t) +h.c.
for instance, a can be lattice indices oW
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Derivation of quantum master equation
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we assume the reservoir is in a steady state (|Hg, pg

— Iy (w) will be t-independent and the integral can be performed freely over s

= () — Its correlation functions are time translational invariant
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we have assumed that the reservoir is in a steady state (|Hg, pg] = 0) — the correlation functions are time translational

Invariant

— I'yp(w) will be t-independent and the integral can be performed freely over s
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ADA(t—s) ~e i@+t 5 fast oscillations (rotating-wave approximation/RWA)
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© ps(t) = ~i[Hys, ps(6) + D(ps (1)
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Yap(@) = Ta (@) + Do (w) = / dse* (Bl,(s) B3 (0))

diagonalize and get the standard form of Lindblad guantum master equation
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the generator of dynamics for ps Is called
Liouvillian

o Giteinatareiderigagondn the

— concrete derivation for
an atom coupled to EM field

(Breuer/Petruccione Sec. 3.4)

gquaptum Brownian motion
and Caldeira-Leggett model

(Breuer/Petruccione Sec. 3.6)



