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Dynamical Coulomb blockade
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A simpler system

• Environment: single mode

• No quasiparticles: use Josephson junction polarized 
below the gap voltage
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A simpler system
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A simpler system
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A simpler system

V

E

ω = 2eV

2e

Cooper
pair

Cooper pair

V

0 1 2 3 4

1E-4

1E-3

0,01

0,1

1

 

 

Γ n

n

Z=160Ω

π δ ω→

−
Γ = −

= Ω ⇒

∑ 





2
2 exp( )

( )   (2 )
2 !

 160     0.08  

n
e J

n

r rE
V eV n

n
Z r

⇒



Josephson junction and resonator
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Josephson junction and resonator

500

0

Z
(Ω

) Z2=28 ΩZ1=100 Ω

on res: 640 Ω 16 Ω 50 Ω

50 Ω

ν1 = 25 GHz

Holst et al, PRL 73, 3455 (1994)

Two photon processes weak 
because

ν1
ν3 ν5



2
1 / 4Z h e



Goal

Dynamical Coulomb blockade:

• Effect due to photons

• DC side well established

• But no one has seen photons

Look on the bright side of….

Coulomb blockade



Setup
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Quarter-wave resonator 
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Calibration of the detection impedance
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Cooper pair and photon rate match

Cooper pairs

Photons (5-7 GHz)



Second order processes

Photons in mode ν0  (5 – 7 GHz)

Cooper pairs
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Spectral properties of emitted radiation
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V

Coulomb blockade with an arbitrary environment
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Spectral properties of emitted radiation
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Spectral properties of emitted radiation
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Emitting photon pairs
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Emitting photon pairs
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Emitting photon pairs

0 1 2

 

 Re(Z) [kΩ]

 Filter a

Filter b



Setup
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Tuning the photon emission rate
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Power fluctuations cross correlation
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Correlated photon pairs

Evidence of Poissonian emission of photon pairs
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2photon regime (2eVDS~hνa +hνb)
Shot Noise regime  (eVDS>2∆)
Theory: fully correlated 
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 2photon regime (2eVDS~hνa +hνb)
 Shot Noise regime  (eVDS>2∆)
Theory: fully correlated 

         Poissonian emission
         of photon pairs (νa, νb) 

S ab
 [G

Hz
]

(ΓaΓb)
0.5 [GHz]

2Γ

Correlated photon pairs

Deviations due to stimulated emission?

JE



Limits of Coulomb blockade theory

• So far good agreement with P(E) theory

• But need very low EJ to fulfill assumptions
– environment at equilibrium

– single Cooper pair regime: EJ P(2eV) << 1

• What happens if assumptions are violated?
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Out of equilibrium environment

increase EJ

Lasing-like 
transition ?

Incoherent 
pair tunneling

classical AC 
Josephson effect ?

Transition ?



Conclusions

• Photon side of Coulomb blockade:
– Cooper pair vs. photon rate

– multi photon processes

– spectral properties
arXiv:1102.0131, to be published in Phys. Rev. Lett.

• Perspectives: 
– interesting for quantum optics with 

microwave photons, need for a deeper 
characterization of the emitted radiation

– out of equilibrium environment (no theory 
yet)
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