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Effective Two-level System

Effective von Neumann equation

Effective Hamiltonian

Effective density matrix

Effective Rabi frequency

Effective detuning



Molmer-Sorensen Gate – Interfering Paths

Ω𝑟𝑟 = Ω𝑏𝑏 = Ω



Adding the Motion Back



Interaction Picture:  Atomic Operators



To the Interaction Picture – Motional Operators



To the Interaction Picture – Motional Operators



Interaction Picture Hamiltonian



Matched Fields



Lamb-Dicke Regime

Red sideband

Blue sideband

Carrier



Multiple Beam Pairs + Rotating Wave Approximations

RWA

RWA

Slower compared 
to carrier



Molmer-Sorensen Hamiltonian



Time Evolution Operator

Time-independent:

Time-dependent:

… …

Magnus Expansion:



First-Order Term



Second-Order Term



Second-Order Term

𝑀𝑀2 𝑡𝑡1 ,𝐻𝐻 𝑡𝑡2 = 0
Therefore higher order terms 
in Magnus expansion vanish



Molmer-Sorensen Gate – Time Evolution
Spin-motion coupling Spin-dependent phase shift

Effect on atomic state?



Spin Operator



Matrix Form – Eigenvalues + Eigenvectors



Back to Bra-Ket notation



Entanglement
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