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But first... Atom-light Interaction Recap!
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First-order Interaction Term
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Magnetic dipole (M1) interaction Electric quadrupole (E2) interaction



Wave Functions vs Density Matrices

 |wavefunction  |DemsityMatrix |
Notation: [ (©)) p(0)

Pure states Pure or mixed states
_ N X1 vector NXN matrix
m Schrodinger equation von Neuman equation
SR




Density Matrix — General Form
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Interpretation: p; is probability to be in state [y;)



Density Matrix — Expectation Values
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Density Matrix — Pure vs Mixes States
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= Zpi =1 & p; = 6;; (pure state)
; <1 (mixed state)

The trace of p? is necessary and sufficient to determine state purity.

In general: % < Tr(p) < 1 where d is the dimension of the Hilbert space



Density Matrix — Matrix Representation
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pii € (R > 0) are called the populations Zf\il pii = 1

pi; € C are called the coherences Pij = Pji



Density Matrix — Time Evolution
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Integrate directly: [p(t) — e—th/hp(O)eth/ﬁ]




Density Matrix — Time Evolution
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Density Matrix — Partial Trace

Trp(pap) = pa Ha@Hp — Ha

* Partial trace effectively averages over system B to yield the state of system A.
» Typically used if we can’t probe system B

*  Must behave correctly: Tr(Xp4) = Tr[(X ® 1p)pap]
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Open Quantum Systems — Problem Definition

Open quantum systems allow for coupling between the system of interest with an environment (bath)
» Bath often has infinite degrees of freedom
e Cannot perform measurements on bath

* No control over bath
* Goalis to describe system and eliminate bath dependence
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Open Quantum Systems — Interaction Picture
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Open Quantum Systems — Time Evolution
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Open Quantum Systems — Approximations
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Weak system-bath interaction
“Large” bath
(Born approximation)

System kernel only depend
on current state
(Born-Markov approximation)



Open Quantum System — System-Bath Separation
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Open Quantum Systems — Fast Bath Dynamics
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Open Quantum Systems — First Lindblad Form




Open Quantum System — Standard Lindb
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