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Standard Model of Dynamical Coulomb Blockade
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Tunnel element is coupled to an external  

voltage source via an environmental 

impedance.

Environmental modes influence the 

tunneling current
Circuit diagram of a voltage biased tunneling element

ሶ𝑄 = 𝐼 − 𝐼𝑇

Junction charge: 

Average currents 𝐼 and 𝐼𝑇 coincide only for dc driving 𝑃 𝐸 -Theory

Ac driving: driven environmental modes!



Hamiltonian
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with the quasiparticle tunnel operator

contains the phase:  𝑉𝑒𝑥𝑡 𝑡 =
ℏ

𝑒
ሶ𝜑𝑒𝑥𝑡 𝑡

Standard Hamiltonian of DCB-Theory:

Circuit diagram of a voltage biased tunneling element



Method
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Time dependent Hamiltonian:

Unitary Transformation for dc driving (standard theory):

𝒰 𝑡 = ℯ−𝑖𝑄𝜑(𝑡)

Average current can then be calculated along lines similar to standard 

𝑃 𝐸 -theory

A corresponding unitary transformation for ac driving must now involve the 

environmental modes:



Average Current
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Results for:

Fourier expansion:                                     , with fourier components:

Renormalized amplitude of the ac voltage across the junction and

suppression of the        harmonic of the current



Suppression of higher harmonics
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Results for:

Model circuit: LC-resonator with 

lead resistance R, inductance L and

quality factor 𝑄𝑓 =
𝐿

𝑅 𝐶

Modulus of the suppression factor of the 

nth harmonic amplitude for driving at 

the resonance frequency and quality 

Factor 𝑄𝑓 = 10



Current Noise
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Inserting the current fluctuations

𝑆 𝜔 = 𝛿𝐼 𝜔 𝛿𝐼 −𝜔

Spectral function of current fluctuations:

𝑆 𝜔 = 𝑆𝑁 𝜔 + 𝑆𝑇 𝜔 + 𝑆𝑁𝑇 𝜔

𝛿𝐼 𝜔 = 𝑌 𝜔 𝑍𝑡 𝜔 𝛿𝐼𝑇 𝜔 + 𝑖𝜔𝐶𝛿𝑣𝑁 𝜔

we find, that the spectral function consists of three contributions

1.Johnson-Nyquist noise: 𝑆𝑁 𝜔 = 𝜔𝐶𝑍𝑡 𝜔
2 2ℏ𝜔

1−𝑒−𝛽ℏ𝜔
𝑌′ 𝜔

transmission factor Johnson Nyquist 

noise of admittance

𝛿𝑣𝑁 𝜔 𝛿𝑣𝑁 −𝜔



3.Cross-correlation noise:

𝑆𝑁𝑇 𝜔 =
2𝑒

1−𝑒−𝛽ℏ𝜔
Ξ 𝜔 2 × ቄsin2 𝜂 𝜔 𝐼 𝑉 − Τℏ𝜔 𝑒 − 𝐼 𝑉 + Τℏ𝜔 𝑒 +

Current Noise
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2.Shot noise: 𝑆𝑇 𝜔 = 𝑌 𝜔 𝑍𝑇 𝜔 2 𝑒
𝐼 𝑉+ Τℏ𝜔 𝑒

1−𝑒−𝛽 𝑒𝑉+ℏ𝜔 +
𝐼 𝑉− Τℏ𝜔 𝑒

𝑒𝛽 𝑒𝑉−ℏ𝜔 −1

transmission factor Shot noise of tunneling 

current

𝛿𝐼𝑇 𝜔 𝛿𝐼𝑇 −𝜔

containing: 𝑌 𝜔 𝑍𝑇 𝜔 = Ξ 𝜔 𝑒𝑖𝜂 𝜔

𝛿𝐼𝑇 𝜔 𝛿𝑣𝑁 −𝜔 + 𝛿𝑣𝑁 𝜔 𝛿𝐼𝑇 −𝜔

H. Lee and L. S. Levitov, Phys. Rev. B 53, 7383 (1996)



Current Noise  LC-Resonator
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Contributions of 𝑆𝑇 and 𝑆𝑁𝑇 to 

the total noise spectrum for an 

LC-resonator with 𝑄𝑓=5



Current Noise  LC-Resonator
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Contributions of 𝑆𝑇 and 𝑆𝑁𝑇 to 

the total noise spectrum for an 

LC-resonator with 𝑄𝑓=5



Conclusion
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Influence of the electromagnetic environment on ac driven tunnel junctions:

• Suppression of higher harmonics of the average current

• Current noise spectrum is not a sum of shot-noise and Johnson-Nyquist                             

noise: Third component due to cross correlation

• Contribution of Cross correlation is not negligible 

• All contributions to the noise spectrum are already present for pure dc 

driving! In case of an ac driving, the spectral function can be expressed as 

a weighted sum of the spectral functions in presence of dc driving (Tien-

Gordon relation)


