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Quantum optics of quantum conductors 
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Glauber (1951): 
Classical currents create classical light 



Quantum optics: Light-matter interaction 

circuit QED: superconductors cavity QED 

Quantum electronics: Single charge transfer 



Charge transfer in Josephson junction – cavity devices 



Josephson photonics 

Correlated/Entangled photons Josephson-STM 

PRL 111 , 247001 (2013) 

Single photons 

Nature Commun. 7, 13009 (2016)  

g(2)(0)

Nonlinear Quantum Oscillator Josephson laser 

PRB 91, 184508 (2015) 
arXiv: 1702.07931 



Agenda 

Single charge transfer and quantum optics 
 
Non-classical light sources 
 
Full counting statistics of charge and light 
 



Josephson junction 
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Josephson junction 
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Grabert, Devoret, 
Single Charge Tunneling, 1992 

Inelastic Cooper pair tunneling 
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Sequential charge transfer 



Hofheinz et al, PRL 106, 217005 (`11) 
Altimiras  et al, PRL 112, 236803 (`14) 
Rimberg  et al PRB 90, 020506(R) (`14) 

Leppäkangas et al, PRL 110, 267004 (`13) 
Armour et al, PRL 111, 247001 (`13) 
Gramich et al, PRL 111, 247002 (`13) 

Bright-side of single charge transfer 

Sequential charge flow 



Hofheinz et al, PRL 106, 217005 (`11) 
Altimiras et al, PRL 112, 236803 (`14) 
Rimberg et al PRB 90, 020506(R) (`14) 

Leppäkangas et al, PRL 110, 267004 (`13) 
Armour et al, PRL 111, 247001 (`13) 
Gramich et al, PRL 111, 247002 (`13) 

Bright-side of coherent charge flow 

!J = !0

!J = 2!0
Coherent charge flow  



[a; ay] = 1

Resonator mode Josephson junction 
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Gramich, Kubala, JA et al, PRL 111, 247002 (`13) 
Armour et al, PRL 111, 247001 (`13) 

Quantum dynamics 
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Gramich, Kubala, JA et al, PRL 111, 247002 (`13) 

Quantum dynamics 
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No feedback onto JJ: 
Charge well defined 

Strong feedback onto JJ: 
Large charge fluctuations 
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weak strong 



Current noise: Sequential and coherent charge flow 
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Towards single photon sources for microwaves 
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Bunching 
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Weak driving 

Gramich, JA et al, PRL 113, 027001 (`14) 

T12(® = 2) = 0



Photon noise: anti-bunching 
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®
S. Dambach, JA et al, PRB 92, 054508 (`15) 



Towards single photon sources 

Experiment: Saclay, December 2016  
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g(2)(0) = 0:29



Correlated photon sources 
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2eV

Leppäkangas et al, NJP 2014 
Armour, Kubala, JA, PRB (2015) 
F. Portier, D. Esteve, JA et al, to be submitted 

2eV = ¹h(!a + !b)

Non-classical light:  
violation of Cauchy-Schwartz 
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Two cavities: correlated photons 

Portier, Esteve, Kubala, JA, to be submitted 
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Full counting statistics for photons and charges 
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Full counting statistics for photons and charges 
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Long times ° t À 1



FCP (pÂ; t) ! Fph(Â; t)

Full counting statistics for photons and charges 



Large deviation distribution 

Poissonian 



  

     
• Quantum optics of coherent conductors 
 
• JJ-cavity devices: Weak to strong coupling 
 
• Tailored photon sources 
 
• Full counting statistics of photons and charges 
 

 
                    

Summary 
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Fundamental resonance (1-photon resonance) 

     + cavity damping and local voltage noise 

Gramich, Kubala, JA et al, PRL 111, 247002 (`13) 
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Quantum dynamics 

H = Hres + HJ V = VJ + Vres

!J ¼ !0

@ 
!J = _'¡ _Á



Superconducting devices 
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No loss channel 
 
High conversion rate 
 
Highly tunable 
 
Weak to strong coupling 



Non-classical light sources 

Science 290,  2282 (2000) 

Nature Phys 7,  154 (2011) 

• Quantum communication 
• Quantum computing 
• Quantum sensing 
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