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Quantum potential scattering

Wave equations with a potential [1, 2]:
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Schrédingér equation Maxwell wave equation

= Quantized Hamiltonian: H,,, = Jdkw(k)

= With interactions: hard problem

Non-interacting theory: Equivalence and resonance extraction

equivalent
ﬁ

ADb initio few-mode theory

System-bath ﬁcav equivalent to diagonal scattering
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= Gardiner-Collett Hamiltonian [3, 4]

= Discrete set of system modes

= Solvable via input-output formalism [3, 4]
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Interactions: Few-mode expansions
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Effective few-mode expansions

e Extract relevant degrees of freedom from a continuum in an open quantum system + reduce Hilbert space size
e Simplifies the theoretical pictures = Many methods already exist in few-mode theory!

e Our ab 1nitio theory provides practical advantages to phenomenological models!

Effective

external bath

cavity /potential

Interfaces with recent developments [7, 8, 9]
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Mode contributions in control-field-free EIT .

Hard X-ray cavity QED with Mdssbauer nuclei

e First observed in [15] 10— Node s 10— Mode s
. R Mode 2 = 56
* EIT without a control field 2 Mode 3 z —
. . ) g 0.5 - Fe -g 0.5 - mirror
e Two 81m11ar COIlﬁngI'&thIlSl o — :iljror <
= Only one shows EIT! = | A o
= Why? ~10 0 10 20 30 —20 10 0 10 20 30
Depth [nm] Depth [nm)]
.. Nuclear spectrum at first rocking minimum 6, Nuclear spectrum at first rocking minimum 6
# Phase SenSltlve mOde — linear dispersion — linear dispersion
coupling . AR (mod 1,21 - AR (modes: 1. 2
—— AIFMT (modes: [1, 3]) —— AIFMT (modes: [1, 3])
0.5 —— AIFMT (modes: [1, 2, 3]) 0.5 1 —— AIFMT (modes: [1, 2, 3])
== AIFMT (30 modes) == AIFMT (20 modes)
= Towards designing 041 z 04
. 3 3
effective nuclear level 203 £ 035
schemes 021 0.2
= More insights from Green's ] & 01

function methods [17, 18] 00 T o 5 o

[1] S. Rotter & Gigan Rev. Mod. Phys. 89, 015005 (2017)

[2] Datta Electronic Transport in Mesoscopic Systems (1995)
[3] Gardiner & Collett Phys. Rev. A 31, 3761 (1985)

[4] Gardiner & Zoller Quantum Noise (1999)

[5] Domcke Phys. Rev. A 28,2777 (1982),

[6] Viviescas & Hackenbroich, Phys. Rev. A 67,013805 (2003)
['7] Gribben et al. arXiv:1907.02932 [quant-ph]

[8] Strathearn et al. Nat. Comm. 9, 3322 (2018)

[9] Tamascelli et al. Phys. Rev. Lett. 120, 030402 (2018)

References

Aly]

[10] Malekakhlagh et al. Phys. Rev. Lett. 119,073601 (2017)
[11] Rohlsberger et. al. Science 328 5983 (2010),

[12] Heeg et. al. (including DL) Science 357 6349 (2017)
[13] Heeg et. al. arXiv:1607.04116 [quant-ph]

[14] Lentrodt, Heeg, Evers in preparation

[15] Rohlsberger et. al. Nature 482 7384 (2012)

[16] Lentrodt, Keitel, Evers to be submitted

[17] Asenjo-Garcia et al. Phys. Rev. A 95,033818 (2017)
[18] Tomas Phys. Rev. A 51, 2545 (1995)

]

Field intensity

Reflectance

The formalism

Feshbach projections [5, 6] gives system-bath expansion of normal mode operators

= ) a(b)a,+ [dk’ﬁ(k, k)b,
A

= Choose states to extract resonances

e Simplify continuum structure

* Relevant dynamical degrees of freedom captured

lllustration of the concept

e Resonance selection
without approximation

e Example: Fabry-Perot
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Multi-mode convergence

Advantages:
e Non-interacting system

locally complete basis

Strong coupling b Multi-mode strong coupl.

treated exactly!
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e Direct connection to

existing toolbox
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Ab initio quantum parameters

Quantum optical parameters [arb. units]
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