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The world’s most entangled state!



Macroscopic Order Parameter (Wave function)

w=Jpe?  p=density of Cooper pairs

All Cooper pairs have the same phase.

Superconducting Energy Gap A

When T << A, excitations (broken pairs) are exponentially suppressed.

For Niobium, A= 18 K Experiments: <100 mK



The Josephson relations:
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Equation of motion for particle of "mass" [2%) C, "position" ¢ and friction coefficient [gj R
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SQUID: Superconducting QUantum Interference Device
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Take I, =1,
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Fluxoid quantization:
In a SQUID, flux 1s not strictly quantized.
27D /D, + ¢ =270
b= +L1
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Full Hamiltonian
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Two Control Fluxes
- @, tilts the potential =<0 >0
- D, adjusts the barrier height © O
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(Rouse, Han & Lukens, 1995)
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external B
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What if ®_ =1, *

Macroscopic Cat

107 circulating
electrons

magnetic moment:
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Friedman et al., Nature, 2000.

See also: van der Wal et al., Science, 2000.
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Intrinsic line width from interwell and intrawell relaxation (spontaneous decay) caused by
resistive environment:
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Intrinsic line width from interwell and intrawell relaxation (spontaneous decay) caused by
resistive environment:
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In our case, ®, ~ 0.6 GHz and R, = 3.4 kOe.

0 = ;= 130 GHz:
R =210MQ = I' = 12kllz = line width = 0.5 n®,

o =A=7GHz:
Ry =14MQ = vy =3.6 MHz = line width = 180 n®,
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Intrinsic line width from interwell and intrawell relaxation (spontaneous decay) caused by
resistive environment:
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Inhomogeneous broadening due to low-lrequency flux noise from PdAu case.
Calculated flux noise using SQUID geometry:

0.1 m®, = measured width of peaks.
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Charge ¢

Interference pattern 1s

modulated by flux ® with
period ®,=hc/q
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H =

2 2 2
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Two degrees of freedom:
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ght-binding model.
d for large E
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Averin, PRL, 2002.

J. R. Friedman and D. V
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- g=e

Eigenstates are symmetric
and antisymmetric
superpositions of charge
states.

O =d,/2
Eigenstates are symmetric and antisymmetric
superpositions of flux states.
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» Anticrossing of two excited states i an rf-SQUID,

» Schrodinger’s Cat (Macroscopic Quantum Coherence) of
flux states:

» Future Experiment?: Suppression of Flux Tunneling by
the Aharonov-Casher-Effect
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