. -
0’ IQS I' | INTEGRATED QUANTUM
SCIENCE AND TECHNOLOGY

Josephson Photonics -
Quantum Optics and Cooper Pair Tunneling

Joachim Ankerhold
Institute for Complex Quantum Systems & IQST
Ulm University, Germany

SRR

B. Kubala, V. Gramich (UIm)
A. Armour (Nottingham)

F. Portier, D. Esteve (Saclay)
S. Dambach (Ulm)

Helsinki, 19-09-2018



Photon emission from a dc-voltage biased Josephson junction
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Dynamical Coulomb blockade
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From Coulomb blockade to nonlinear quantum oscillator
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Josephson photonics
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Counting charges

R. Landauer:

The noise is the signal

Tunnel contact

Diffusive wire A
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Atomic point contact



Counting charges via photonic conductor

Mesoscopic Resonator=

Photon loss
conductor

Photonic conductor

I = lgiss + 1 Icoh,ph Iph

Steady state (I J> / 2e = (Icoh,ph> = (Iph>

Josephson @ low voltage [gjss = 0

Cooper pair noise from photon noise ?



Photon counting statistics

Generating function eXp[prh (X, t)] = Tr{eXp[EXt] ,0(0)}
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Coherent photon transfer — quasi-probability P(N’ t)

Kubala, Armour, JA, arXiv: 1606.02200



Photon counting statistics

-Fcoh,ph(an 'Yt > 1) = }-Ph(Xa 'Yt > 1)

Cumulants photon numbers 7};1_1;1;1’0((Nk>>coh,ph — ((Nk»ph/pk

Long times:

Statistics of emitted photons = statistics of transferred Cooper pairs



Full counting statistics
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Designing photon statistics: Towards single photon emission
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Towards single photon sources
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Designing photon statistics: Towards entangled photons

2eV = h(wg + wp)
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Non-classical light:
violation of Cauchy-Schwartz
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Two cavities: correlated photons
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Thermodynamic device: refrigerator

2eV + hwp, = hw,
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Cooling vs temperature gradient
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Thermodynamic device: Heat engine

2eV + hw, = hwy,
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» Quantum optics of mesoscopic conductors:

Josephson photonics

» Cooper pair noise «<—> emitted photon statistics

» Single photon emission
» Correlated photon pairs

» (Quantum) Thermodynamics devices
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