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Superconducting qubits as nonlinear elements for the 
photon interaction

A series of works by the group(s) of O. V. Astafiev
Nat. Commun. 8, 1352 (2017); Phys. Rev. A 98, 041801(R) (2018); Phys. Rev. A 100, 013808 (2019),...

Amplitude of the elastically scattered wave:

Spectrum of scattered radiation 
(spectrum analyzer):

Hypothesis: peak heights should be sensitive to photon statistics



Maxwell-Bloch equations in the rotating-wave approximation: 

I. Two classical signals



Quasi-stationary solutions of Maxwell-Bloch equations

I. Two classical signals



I. Two classical signals

Spectral components



I. Two classical signals



II. Classical signal and squeezed light

Degenerate parametric amplifier (nonlinear medium)

Effective Hamiltonian:

Output field (squeezed light, photon pairs, broadband signal):



Equations of motion for the qubit degrees of freedom:

Quasi-stationary solution:

II. Classical signal and squeezed light



Spectrum structure

Qualitative picture: 

- The peak structure differs from the case of mixing two classical signals. 

- Nonzero squeezing (parameter M) together with the classical signal generates side 
peaks. 

- Without the classical signal, squeezed light does not generate any peaks.

II. Classical signal and squeezed light



The limit of weak driving:

Features of multiphoton 
processes:

- Photons from the squeezed light signal 
always appear in multiphoton processes as 
correlated pairs; the signal is broadband.

- The amplitudes of the side peaks are 
proportional to the corresponding powers 
of the squeezing parameter m.



III. Классический сигнал и источник состояний «0 + 1»

Смешение волн:

- Что будет, если смешивать

классический сигнал и периодически

возбуждаемые состояния типа

«0+1» с однофотонного источника?



Гамильтониан:

III. Классический сигнал и источник состояний «0 + 1»

Уравнения движения в гейзенберговской картине:

…



Состояния эмиттера:

Приближение Маркова-Борна:

Состояния рассеивателя (период T большой):

III. Классический сигнал и источник состояний «0 + 1»



Перекрестные корреляторы:

Уравнения движения на корреляторы:

III. Классический сигнал и источник состояний «0 + 1»



Приближенное решение:

Структура спектра: Единственный многофотонный процесс:



IV. Wave-mixing in a cascaded two-qubit system

- Source atom: light antibunched  

in the time domain

- Second-order correlation function:



IV. Wave-mixing in a cascaded two-qubit system

We need to take into account uni-directional 

coupling between the 

source and the probe via the waveguide 



IV. Wave-mixing in a cascaded two-qubit system



IV. Wave-mixing in a cascaded two-qubit system



IV. Wave-mixing in a cascaded two-qubit system



Summary
- Wave mixing of classical and nonclassical signals on a single qubit

- The spectrum of the scattered wave differs from the case of mixing two classical
signals

- The structure of the spectrum can indicate the photon statistics in the
nonclassical mode
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