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MotivMotiv
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Theoretical Theoretical 
• Theoretical complexity of cavit

systems differs dramatically

• Cavity QED: “easy” to solve

• Limited Hilbert space
atoms

• Input‐output equation: relates
cavity to dynamics insidey y
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• Non‐cavity QED systems
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• One photon already represents

approachesapproaches

upled 
bers 

hC
Waveguide QED

hC
des

propagating fields
s an infinite Hilbert space!



ManyMany‐‐body phybody phy
• Possible to prepare strongly co

• Many interesting proposals:

Ch ll l i ll l• Challenge to analytically solve 
• Continuum, driven, open, o

ysics with light?ysics with light?
orrelated states of light?

Crystal of photons?Crystal of photons?
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Theoretical Theoretical 
• Work in regimes of classical op

Photon stPhoton st
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• Real degrees of freedom are ju
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Electromagnetic Electromagnetic 
• Formalism: quantum atom‐ligh
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The fields: claThe fields: cla
• Classical scattering from polari

• Know the radiation pattern for
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Atomic dAtomic d
• Substitute field into equations 

• Master equation for atoms q
• Coherent evolution (emission a
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• Atomic ensemble

A i t i d d t• Approximate: independent em

ng to 1Dng to 1D

i i i t th dmission into other modes



1D spin1D spin
• Spin model in 1D

• Single atom:

• Not very physical – photon alw

n modeln model

Plane wave propagation in 1DPlane wave propagation in 1D

ways emitted into 1D channel
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1D spin1D spin

• Add phenomenological decay r

• Model connects quantitatively
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Atoms -
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Calculating oCalculating o
• Apply input‐output formalism 
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Dynamics Dynamics 
•

• Larger systems: use matrix pro

• MPS in a nutshell:

Re-shape tensor

• Representation:
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Exact wavefunction

Rank N tensorRank-N tensor



Dynamics Dynamics 
• Exact representation: matrix si
• Approximation: truncate at mapp

• Interpretation:
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Dynamics Dynamics 
• Procedure for dynamics
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• Does the formalism work??
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Vacuum induceVacuum induce
• Replace classical control field w
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MPS simMPS sim
•

• Coherent state input:
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MPS simMPS sim
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• Coherent state input:
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MPS simMPS sim
•

Eff t f ti l b ti• Effect of partial absorption

Post-selection – no jum
detected photons in tra
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• Distortion of a two‐photon wa
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• Promising technique to solve fo
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