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Motivation (Applications of JJs)

* Prospective objects for superconducting

electronics (e.g. voltage standard, SQUID)
e Useful as models for HTSCs

e Sources of powerful coherent THz radiation

(which can fill the 0.3-10 THz gap)
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In Greek mythology the chimera was a fire-breathing monster having a lion’s head, a goat’s body, and a serpent’s tail. Today the word refers to anything composed of incongruous parts, or anything that seems fantastical. Currently we are proposing that arrays of JJs can be used to realize mathematical chimera states, where an array of identical oscillators splits into two domains, one coherent and phase locked, the other incoherent and desynchronized. This is of interest to many branches of science and technology, especially as models of biological systems. For example, in dolphins and certain other animals, only half the brain sleeps at any given time, and the sleeping part of the brain appears to be in a synchronized state.


Motivation (Mathematical)

e Chaos synchronization and control
 Chimera states: Scientific Reports 6, 29213 (2016)
e Universality and Complexity Theory

“Instead of seeing chaotic behaviour as yet another
tool to help us probe the microscopic world, we
should think of this complexity as an essential
part of the world around us, and science should
attempt to understand it”

Robert C. Hilborn
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The universality of chaos presents us with a dilemma: several (apparently) distinct models might all predict the same (lets say) period-doubling route to chaos and so we cannot use the observation of chaos to help us decide which of these models is correct. One solution is look at finer details of the models, but this leads to models which become too specific to be of general use. Another possibility is to look for features that are common to all successful models, but this leads to something which is disturbing to many scientists: the common features are not physical features of the system, but rather common properties of the underlying state space. 
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Introduction

e Josephson effect (1963)

1o
Wle : Superconductor #1
Weak coupling
erl¢2 Superconductor #2
Josephson current-phase relation: | = |C Sin Q, where Q=Q,—Q
h do

Josephson voltage-phase relation: V = ———

2e dt
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In 1962 a 22 year old graduate student, Brian Josephson, suggested that it should be possible for a current to pass. between two superconductors, even if there were no voltage difference between them. An observation of this, “Josephson effect” was made in 1963 by Anderson and Rowell.
In the superconducting ground state the electrons form Cooper pairs, which synchronize in order to minimize the energy of the superconductor. Because  Cooper pairs all have the same phase the state of the system can be described by a single macroscopic wave function. 


Insulating layer

Introduction

RCSJ model for single JJ

/

C_— R Xl_sing

do_y
dr
dVv
dr
dw
dr

=1 —pV —sing + AsinW

Q
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RCSJ model was developed by W.C. Stewart and D.E. McCumber in 1968.


3.10

3.05

3.00

2.95

= 2.90

2.85

2.80

2.75

. 2.50

2.25

e
o
o

=
~
Ul

=
)
o

=
N
Ul

...................... 11.00

0.75

0.600

tion

Poincaré sec



Chaos 24, 033115 (2014)

4t A0 (a)

Previous work B

6
| 3r -
CHAOS 24 033115 (2014) ®:- s 5

Structured chaos in a devil’s staircase of the Josephson junction
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The phase dynamics of Josephson junctions (1Js) under external electromagnetic radiation is - = B O 3
studied through numerical simulations. Current-voltage characteristics, Lvapunov exponents, and 0 ald . . | . . 1 . |
Poincaré sections are analyzed in detail. It is found that the subharmonic Shapiro steps al certain 0 0.5 I 1
parameters are separated by structured chaotic windows. By performing a linear regression on the
linear part of the data, a fractal dimension of D = (1.868 is obtained. with an uncertainty of =0.012. b
I'he chaotic regions exhibit scaling similarity, and it is shown that the devil’s staircase of the sys- ( )
lem can form a backbone that unifics and explains the highly correlated and structured chaotic 1 SeCOl'Id SS
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Intrinsic Josephson Junctions

R e i Do
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superconductors, like
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BiO | W*yeyed I Josephson Junctions.
l ALLALELS




Coupled Junctions
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Charge screening length

High-T_ superconductor

Conventional SIS array
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In the superconducting state the charge screening length is the same as the Thomas-Fermi length in the normal state. Both length scales are shorter than the thickness of superconducting layers in conventional SIS arrays. As a result, the electric field generated at a junction site is completely screened out at the junction site; that is, charge neutrality inside the superconducting layers is almost strictly maintained and there is no longitudinal coupling between different junction sites. On the other hand, in HTSCs this is not the situation because the thickness of superconducting CuO2 bi-layers is comparable with the charge screening length. Hence there is imperfect screening across a single superconducting layer and the electric field induced at one junction site penetrates into neighboring junctions. The charge neutrality inside the superconducting layers is thus dynamically broken by this diffusive type of coupling.
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CCJJ+DC model

dv, . do or
—L=1]-sing, — : :
dr = F dr SoF
do 040F
d; =V, —Ot(VM +V€—1_2V£) §30_
2 = 20}
where a =-*_ and ok
1=1,2,..N. &5

|-V characteristics
— large hysteresis
— equally spaced branch structure
— fine structure in BPR (chaos)
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Here epsilon is the dielectric constant of the insulating layer and mu is the charge screening length.
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Chaos synchronization
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Onset of charging 2/3
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Parametric resonance

Step 2/3
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Conclusion

* There Is difference between the parametric
Instabllities that occur for subharmonics, in
comparison to harmonics

 Remarkable ordering in the sequence of
realizable subharmonic steps (continued fractions)

* s there a simple rule that can predict the

sequence of steps being charged as a function of
N, A, |, etc?
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