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Thermal Activation in Josephson Junctions

Point Josephson junction (no spatial dependence of coordinate q=¢, superconducting
phase difference between electrodes )

U(¢) = E; (-y-cosd) with E;= @/l /2n
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Rate of thermal escape from potential well, T :
Iy, =(oy/21) exp (U /kgT)

I'y, can be directly correlated to measured switching distribution as a function
of the bias current P(I)
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Is it possible to quantize Josephson phase and

flux ?

[Caldeira and Leggett PRL 46, 211 (1981) ]
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The conditions for the observation of the quantum
effects were said to be a quantum dissipation

regime and a temperature such that
T <hoj/27kp



Thermal escape under pwave
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Our idea is to analyze the escape process when
the system is irradiated by rf, but working at
temperatures high enough to be in the classical

regime: T > [27kg



Measurements procedure

We send rf at fixed frequency @y,

and we ramp the bias current 1 unfil
we record the switch from the
superconducting to the voltage state.

We repeat for 2-10'000 times and we
evaluate the switching probability

p(M).

We find two peaks in the
switching current distribution
due to the enhancement of the
escape due to the rf excitation
driving the junction.

Junction parameters:
I.=143 nA: C=6pF : f= 44GHz

T=16 K ;dI,/dt=800mA/s
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AC driven small classical JJ

% = 476-10747 = 16K — 7 = 2.1.10"8 ] = 0.84/s —

o =0.00845. R =742 — I. = 143puA — T = 320mK.
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Simulation Experiment



® Circles: exp. results O Square: simulation

---- Dashed: linear resonance ——solid: anharmonic
N.Gragnbech-Jensen et al. PRL 93, 107002 (2004)

T=16 K
I.=143uA
i=0,8A/s
T'=340mK

0.60 0.60 070 080 08980 71.00
7}:[&3[‘/[(:



ac excitation
E

ac

Thermal
excitation—"
kT




®_ action

Q Readout
Tunable SQUID

element m

)

The approximate potential energy function reads (J3)
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Bose-Emstein condensation m inhomogeneous
Josephson arrays

R. Buntont!, D. Cassi!, I Meccowt!, M. Raserm®,
S, Recmva !, P. Sopano? and A, VEzzant!
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Fig. 3 - The agemvector corresponding to the lowest enery state, It 15 constant along the backbone
direction and it dacreases exponentially as acp|-arcsh(2) - 2 | along the fingers.
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Conclusions

The new and interesting results on "classical” macroscopic
quantum effects in the Josephson junctions demonstrate
that it would be very desirable to produce unambiguous
experimental evidence that Josephson phase and flux obey
a "super” quantum description

It would be desirable as well to clarify the energy scales
and the nature of the islands interaction leading to the
anomalous gradients in the Josephson currents of the
graph arrays. The experimental results show that mean
field theories could (still) produce surprises when analyzing
superconducting island interactions through Josephson
potentials.
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