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Quantum world
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Phenomena associated with single atoms/molecules



Can macroscopic objects (ensembles of particles) behave
In a quantum way, i.e. as they were a single particle?

Engineered artificial atoms consisting of many particles?
A collective state needed...

Well known example: LASER




Macroscopic wavefunction
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Derivation in h 2
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Can we see the phase?



Fluxoid quantization
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Superconducting Ring

J = 0 inside the ring due to the Meissner effect

screening current I flows only
on the surface of the ring

Doy = n D

Fluxoid quantization becomes
flux quantization !!!




Superconducting Ring —
Meissner effect

(D0=2—Z fluxon (flux quantum)



What happens if | # 07
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Josephson relations
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Derivation of Feynman relations:

Feynman, vol. lll, seminar on superconductivity



E-beam
lithography
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Figure 2.1 Fabrication of metallic structures by using positive electron beam lithogra-
phy and evaporation techniques. Bilayer resist is used to achieve the undercut struc-

ture shown in step 3.
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FIGURE 2.1 Principle of the self-aligning shadow evaporation technique. The tunnel
junction is formed between the two metallic layers (usually Al) evaporated at different
angles so that they overlap slightly. The tunnelling barrier is formed by oxidising the
first layer before evaporating the second one. As a side effect of the technique there
will be some extra lines, which are not used in measurements.




Photolithography
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Tunnelling Josephson junction (JJ)

current
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Tunnelling Josephson junction (JJ)
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Z00 of Josephson junctions

Atomic point contact

Diffusive weak link

AccV Spot Magn WD F——— 1um
150kv 1.0 32768x 15.1 17

200 nm

b EMT= 500kV Signal A=Inlens Contrast= 33.5% Date 119 Nov2012
Mag= 2500KX WD=48mm  Brightness = 48.8 %Time 113:18:21

Tunnel junction

AccV SpotMagn WD —— 2um
150kV 1.0 16384x 15.1 17

Note: The famous 1st Josephson relation
holds only for tunnelling junctions.

But it can be extended to treat all types
of JJ Il

— ANDREEV BOUND STATES
give a generalized picture of Josephson
effect



Ring + 1 Josephson junction
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Phase relation for a ring
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®, Fluxoid quantization for a ring

n®y = @por — Ly Ls(v) — 27! Interrupted with a junction

The total flux threading the ring is not quantized any more !!!



Screening current
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From weak to strong link...
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Heating due to a phase slip
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E. Gumus, et al., Calorimetry of a phase slip in a Josephson junction,
Nature Physics 19, 196 (2023) 18




Conservation of probability
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RCSJ model

(Resistively and Capacitively Shunted Junction)




RCSJ model
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map it into harmonic oscillator:
Q - quality factor, amplitude of harmonic oscillator falls
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Back to full equation:
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Wyglada jak harmonic oscillator, ale teraz restoring force
wynosi nie ky (jak w prawie Hooka) tylko:
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Tilted washboard potential
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Fig. 2.3. Tilted washboard potential associated to the dynamics of the phase in absence
of fluctuations (zero temperature in this classical model). For s < 1, the potential presents

wells in which the particle is trapped. For s > 1, the wells disappear and the particle gets
into to a running state.



Q (quality factor) <-> hysteresis
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Fig. 2.4. Dynamics of the particle in presence of fluctuations (finite temperature in this
classical model). The particle can overcome the barrier and escape out of the single well.
The dynamics of the particle depends on the damping. If the damping is small, the particle
gains enough energy to reach a running state, leading to a finite voltage. Otherwise, the
particle enters a diffusion regime, escaping from one well to be retrapped in a following one,
with a very small average velocity.



