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Photon emission from a dc-voltage biased Josephson junction
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Charge-light coupling: 
„fine structure constant“

Dynamical Coulomb blockade

H. Pothier, PhD thesis, 1991
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From Coulomb blockade to nonlinear quantum oscillator

Rotating frame

Cavity field:                                                                                                                
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Josephson photonics
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Counting charges

Diffusive wire

Tunnel contact

Atomic point contact
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The noise is the signal

R. Landauer:



Counting charges via photonic conductor

Resonator=
Photonic conductor

Mesoscopic
conductor Photon loss

Steady state

Cooper pair noise from photon noise ?

Josephson @ low voltage 



Photon counting statistics

Generating function exp[Fph(χ, t)] = Tr{exp[Lχt] ρ(0)}

Unitary transformation in Liouville space

New generating function

P̃ (N, t)Coherent photon transfer – quasi-probability

Kubala, Armour, JA, arXiv: 1606.02200 



Photon counting statistics

Cumulants photon numbers 

Long times: 

Statistics of emitted photons = statistics of transferred Cooper pairs



Full counting statistics

Kubala, Armour, JA, arXiv: 1606.02200 

P̃ (N, t)→ P (N, t)

p = 1



Designing photon statistics: Towards single photon emission

g(2)(τ) =
ha†(τ)a†a a(τ )ist

hni2st

Anti-bunching

Bunching

Weak driving

Gramich, JA et al, PRL 113, 027001 (`14)
Dambach et al, PRB 92, 054508 (’15)



Towards single photon sources

Rolland, Portier, JA et al, to be submitted this week 
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Designing photon statistics: Towards entangled photons
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ωa ωb

h̄ωa h̄ωb
2eV

Leppäkangas et al, NJP 2014
Armour, Kubala, JA, PRB (2015)

2eV = h̄(ωa + ωb)
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Non-classical light: 
violation of Cauchy-Schwartz



Two cavities: correlated photons

g
(2)
ab (0) ≤

q
g
(2)
aa (0) g

(2)
bb (0)

g
(2)
ab (0)

g
(2)
aa (0)

g
(2)
bb (0)

NRF =
Var(na − nb)
hna + nbi

Number squeezing

Portier, Esteve, Kubala, JA et al, PRL 137001 (2017) 



Thermodynamic device: refrigerator
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Dambach, Kubala, JA, arXiv: 1806.07700 

Cooling vs de-tuning

Cooling vs temperature gradient



Thermodynamic device: Heat engine
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Hofer, Souquet, Clerk, PRB 041418 (2016)

Net current against bias



 Quantum optics of mesoscopic conductors:
Josephson photonics

 Cooper pair noise emitted photon statistics

 Single photon emission

 Correlated photon pairs

 (Quantum) Thermodynamics devices


