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ĉ

xPotential

â
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Can we extract relevant degrees of freedom from a continuum?
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ĉ

Canonical Hamiltonian

r

â
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ĉ(ω)

normal modes

=
∑
λ

αλ(ω)âλ
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1,2

Dominik Lentrodt, MPIK Heidelberg EAS41, Riezlern, 29.01.2020



cQED regimes Particle in a box The problem Ab initio few-mode theory Applications

Few-mode scattering

r

normal modes

ĉ
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â

?
bath modes system modes

b̂

W

Few-mode Hamiltonian

input-output
formalism

projection

diagonalisation

Input-output scattering

background
scattering

Full scattering
equivalent

S = SbgSio
Translates bath
to free states

DL & J. Evers, Phys. Rev. X 10, 011008 (2020)

Dominik Lentrodt, MPIK Heidelberg EAS41, Riezlern, 29.01.2020



cQED regimes Particle in a box The problem Ab initio few-mode theory Applications

Few-mode scattering

r

normal modes

ĉ
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â

equivalent

bath modes system modes

b̂

W

Few-mode Hamiltonian

input-output
formalism

projection

diagonalisation

Input-output scattering

background
scattering

Full scattering
equivalent

S = SbgSio
Translates bath
to free states

DL & J. Evers, Phys. Rev. X 10, 011008 (2020)

Dominik Lentrodt, MPIK Heidelberg EAS41, Riezlern, 29.01.2020



cQED regimes Particle in a box The problem Ab initio few-mode theory Applications

Few-mode scattering
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standard
scattering theory

Full scattering
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b̂
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Few-mode Hamiltonian

input-output
formalism

projection

diagonalisation

Input-output scattering

background
scattering

Full scattering
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S = SbgSio
Translates bath
to free states

⇒ Few-mode theory can apply in extreme regimes!

DL & J. Evers, Phys. Rev. X 10, 011008 (2020)
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Illustrative example
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Example: Two-sided Fabry-Perot cavity
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Ley & Loudon J. Mod. Opt. 34, 227-255 (1987)
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• Many degrees of freedom

• Often difficult!

• Much easier to solve!

• Many methods already exist!1,2,3

• Advantages to model version

⇒ Non-interacting system exact!

1 Carmichael, Statistical Methods in Quantum Optics 1(1999)
2 Gardiner & Zoller Quantum Noise (1999)

3 Kirton et al. Adv. Quantum Technol. 2, 1800043 (2019)
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• Many degrees of freedom
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• Much easier to solve!

• Many methods already exist!1,2,3
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⇒ Non-interacting system exact!

1 Carmichael, Statistical Methods in Quantum Optics 1(1999)
2 Gardiner & Zoller Quantum Noise (1999)

3 Kirton et al. Adv. Quantum Technol. 2, 1800043 (2019)

non-perturbative/non-Markovian perturbative/Markovian
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Benchmarks and advantages
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Convergence and extreme regimes
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Convergence of light-matter
coupling models is non-trivial!1

DL & J. Evers, Phys. Rev. X 10, 011008 (2020)

1 e.g. Krimer et al. Phys. Rev. A 89, 033820 (2014)
Malekakhlagh, Petrescu, Türeci Phys. Rev. Lett. 119, 073601 (2017)

Gely et al. Phys. Rev. B 95, 245115 (2017)
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X-ray cavity QED

New experimental platform:
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X-ray cavity QED

New experimental platform:

57Fe

C

Pt

C

Pt

x-rays

θ

nuclear responsecavity
response

Fabry-Perot + Many-body ensemble
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Ab initio few-mode theory for X-ray cavity QED
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Ab initio few-mode theory for X-ray cavity QED
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Linear scattering Ab initio few-mode

⇒ improves successful phenomenological model1,2
DL, Heeg, Keitel & Evers, to be submitted

1Heeg & Evers PRA (2013)
2Heeg & Evers PRA (2015)
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Overlapping modes effects beyond input-output models
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Overlapping modes effects beyond input-output models
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⇒ overlapping modes effect

DL, Heeg, Keitel & Evers, to be submitted
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Towards designing nuclear level schemes
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Conclusion

X Rigorous construction of few-mode Hamiltonians

X Exact scattering theory via input-output formalism

X Non-perturbative expansion scheme for interactions

X Linking ab initio theory and models in cavity QED

⇒ Access to new regimes!

!! Explore quantum effects in X-ray cavities

⇒ In progress: non-linear and correlation effects at XFELs

?! Extreme regimes of open quantum dynamics
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Thank you for your attention!
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Jörg Evers Kilian P. Heeg Christoph H. Keitel

DL & J. Evers, Phys. Rev. X 10, 011008 (2020)

Critical
questions
welcome!
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