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OUTLINE

1. Stochastic Path Integral formalism:
replaces Fokker-Planck and master equations.

2. Generalized Kramers’ problem:
beyond Gaussian noise.

3. Application to Josephson junction threshold detector:
dynamics in the extended phase space.

4. Remaing problems to be solved.



FIGHTING "CENTRAL LIMIT THEOREM”

Simplified measurement circuit:
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Bandwidth problem: - > 1/(eV)
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Solution: on-chip noise detectors!
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Kouwenhoven et al., (2004) Ensslin et al., (2004) Pekola et al., (2005)




JOSEPHSON JUNCTION DETECTOR

Kirchhoff’s law:

Is+Ip = (Ej/®g)sing +CV
= C®P3é+ Eysing = do(Is + Ip)

Ideal detector:

(Is) = Jg —GsV,  (Ig) #0

(Igy =Jp— GV, (I3) =2TGp



PHASE DYNAMICS

Equations of motion:

¢ = p/m, where “mass”’: m = ®3C

p= —0U/0¢ + Po(Ig — Jg)

Langevin
source

Tilted periodic potential:

U(¢) = —Ejcos¢ — Pg(Js + Jp)o

TwoO regimes:
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1. (¢) =V/¢pg = 0 = supercurrent
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%//‘\ 2. (¢) # 0 = dissipative current
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GENERALIZED KRAMERS' PROBLEM

A U

@ Hamiltonian dynamics
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Hamiltonian-Langevin equations:

p = —0K(p,q)/0q + Ip,

where sources are arbitrary, (I717") # 0

WHAT IS THE ESCAPE RATE?
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STOCHASTIC PATH INTEGRAL

Evolution operator:

P(p,q) = [DA/DR exp(S) where R = (p, q)
S=[d'/[-N-R+A-{R,K}+ H(A,R)]
— action in canonical form, Poisson bracket

H is generator: (IJI]") = 8};8}{;%(0,0)

Markov limit — “white” noise

o . = P(p,q) = exp[S(p,q)]
= Hamilton’s equations

Pilgram, Jordan, E.S., Bittiker, PRL (2003) Jordan, E.S., Pilgram, J. Math. Phys. (2004)



INSTANTON SOLUTIONS

Average dynamics: A =0

H(0) =0 = S = 0 = most probable path.

§S/SAN=0 = R={R,K}+ ()

NN

oscillations 92mping: (L) ~ —R

Uphill solutions: A =0

“Hamiltonian” A-{R,K}+ H = 0 is conserved

Gaussian noise, H = (I)A + (1/2)(I?)A?

=

time reversal path: —R = {R, K} + (I) = escape!

[Cescape = expP[Sin]




ENERGY DIFFUSION

Weak damping: Quasi-periodic motion.

Langevin equations = E = ¢I, — pl;. <—— new source
= S = [dt'[-AgE+H(\g4, —App)].

After many periods: S = [dt/[-\gFE + (H) ]

Instanton solutions:

(Mp=1:§dtH=0 = Xg=\n(E)

= |logln = - [A\h(F)dE | ——> formal solution




APPLICATION TO JOSEPHSON DETECTOR
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Escape rate:
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(I2)-contribution is small by fiwp/Tefr < 1

Total cumulant:

(I3 tot = (I2) — 3Terr dv{(I5) —> cascade correction

Important!

(I2Ntot = 3C%Got(V3) —>  equal time
correlator

Jordan, £.S., Pilgram, J. Math. Phys. (2004)



OUTLOOK

1. Semi-classical contributions to the prefactor.

2. Measurement of rare event statistics.

3. Josephson junction bifurcation amplifier.



