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Josephson relation: Constant voltage bias:
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Josephson relation: Constant voltage bias:
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Assumption: Noise is Gaussian
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Equilibrium (Johnson-Nyquist) noise in the environment (circuit)
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Zero-temperature limit:
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Independent shot-noise source
Delahaye, Lindell, Sillanpaa, Paalanen, Sonin, and Hakonen, cond-mat/0209076

Summary
of observations:

Zero-bias conductance
grows with the noise current

Shift of the conductance
minimum from zero-bias
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What voltage fluctuation oV
is produced by the current fluctuation 6/, ?
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1 What voltage fluctuation o1/
ISTEZ' Cq is produced by the current fluctuation 47,7
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Contribution of the shot noise to the phase fluctuation: ¢ = g + ©s
J(t) = Jo(t) + Js(2) Js(t) = ([ps(t) — s(0)]s(0))
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Long-time asymptotic: J(t) = ——;[pB(T + Tn)t Iy = EﬁlISIR
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Nonanalytic dependence on the noise current! Valid only for small p

No explanation of the conductance minimum shift
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Low noise currents (sequence of well separated voltage pulses) |I,| < £ :
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Odd momenta (asymmetry effects):
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The shape of the 1V curve at small voltage
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The shape of the 1V curve at small voltage
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IV curve at low voltage bias

Effects of shot-noise asymmetry
(odd moments):

/ 1. Shift of the conductance

|4 minimum V, ;.. (observed)

2. Ratchet effect 1}, (to be
-V observed)

Odd moments:
Theory:
Levitov & Reznikov, cond-mat/011057
Beenaker ef al., PRL, 90, 176802 (2003)
_ Gutman & Gefen, PRB, 68, 035302 (2003)

Experiment:
Reulet ez al., PRL, 91, 196001 2003)




Asymptotic expressions at p > 1:

2208
8ed

m .
G, = p3f2|]3| Vo = sign(Z)

a = sign (1) 5102

2C\/p’
.-"_ 2
o , b= ?TC Vin = —Sign(fs)i —




Asymptotic expressions at p > 1:
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Convergence of integrals at long times £ > 7
Jo(t) x —2pInt (cos Ap,) o< t

> Jo(t)
GSDC-/E:- tdte’®'"” (cos A ;) o a2

o dt «

€

2C\/p’

— 2
© . 3 b= s P Vm’in - _'Sign(IS)E - —Eig,'.[l(fg) =

 convergentat p > 1.5



Asymptotic expressions at p > 1:
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Convergence of integrals at long times £ > 7:

Ju(t) o< —2p].l'lt (CGE .&QQQ X t convergent at p > 1.5
Jo(t)
Gy x f.} tdte (cos Ap,) ox fﬂ 1353

Transition from low-impedance (non-analytic) to high-impedance (linear) dependence
at p=1.5:

Gs |IS| at p> 1.5
Numerical confirmation:
G, x | IS[EP—Z at p< 1.5 Pietila & Heikkila (unpublished)



Methods of integration in the plane of complex t

Johnson-Nyquist noise:

Shot noise,
high impedance p > 1:
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Conclusions:

The effect of shot noise from an independent source on the Coulomb
blockaded Josephson junction in a high-impedance environment has
been analyzed theoretically

The theory took into account that the shot noise produces non-Gaussian
phase fluctuations at the Josephson junction

Non-Gaussian character of fluctuations results in asymmetry of IV curves:
(1) the conductance minimum at nonzero voltage bias;
(ii) the ratchet effect (nonzero current at zero voltage bias)

The asymmetry effects are a clear manifestation of the odd moments of the shot
noise, which are difficult for experimental detection by other methods

The analysis demonstrates, that the Coulomb blockaded tunnel junction
in a high impedance environment can be a sensitive noise detector

We expect that other types of noise (e.g., 1/f noise), produce
similar effects, and the Coulomb blockaded normal junction
also can be used as a noise detector



