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Josephson physics

=Yl leTidd;

/=140 sin(84;
+1,7)

+1 =/p/+1 [elidlj+1

lj+1,)=6l/+1-6li

External optical field £=£Y0 cos(wl/P t) induces a phase differenc:

V=Ed=h/2€6’¢j+ll, '
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Josephson physics

Assume no excitations above the superconducting gap [/ [~const

l L=h/2e/ll0 cosdij+1,/
C—— [ wl/PT2=1/LC

T

A strong driving field will change the oscillator strength

Alj+1,7=60L/+1 —-6);

JSY+1,7=/10 cos (840 cos(wi/P ) )P0 =2ed/hwl/P EI0



Linear vs non-linear regime
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Pump and probe field

From the Josephson equations we get

—1 /vy 064j+1,) /ot —elr /cT2 T2 84/+1,) /0tT2 =
wWdpT2 elr /cT2 8/+1,)

The oscillator strength is modified by the driving tield
J()=wd/PT2 (1-640T2 (1+cosQwi/Pt) )/4 )

The probe field is described by

1/y d8iprobe /ot +elr /cT2 IT2 Blprobe /dtT2 +
wdpT2 elr /cT2 (1-640T2 (14+cosQRwi/P¢t) )/4 )
dlprobe =0

This is a damped Matthieu equation



Including spatial variations and BCs.

Junction described by a Sine-Gordon equation

o712 84j+1,7 /oxT2 —1/y 060L/+1,) /Ot —€lr /cT2 OT2 8Lj+1,) /OtT2 =wipT2 elr /
cl2 6l/+1,)

and boundary conditions for the electric Zand magnetic field #
determined by the Maxwell equations

[ELi (0)+ Elr (D) Na=—0 =Flc (t)x=+0 =HI0 Jwl/P Velr (984j41,) /0t )ix=
+0

[HLi (¢)+Hir () [x=—0=Hlc (t)ix=+0 =—HI0 ALj (06/+1,] /Ox )Ix=+0

with #00 =¢l0 /27d1l; and #.0 =hc/2e the flux quantum.



Results
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Amplification of the probe field
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—xternal currents and phase space & Siconn
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Eout

vanishes

External current: sin(¢g) = Jext

withc rent

Fluctuations: sin(¢g + ¢.) = sin(¢g) + cos(pg)de

External currents change (enhance) nonlinear
recsnonse



Currents: Steady states
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Phase space diagrams
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Switching |: SC — resistive state
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Switching I: resistive state - SC
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Switching Il: SC — kink

Excitation of traveling Kink
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Switching Il: kink - SC
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Parameter space |
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Parameter space |: SC » 7
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Driving amplitude A

Parameter space ||
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Parameter space: resistive — ?
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Equations of motion
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Closed Boundaries: h,, = QHea:t(’T)

Adn magnetic field in y-direction in units of critical field

The system is solved by discretising the spatial dimension, and
the use of the IDA (Implicit Differential-Algebraic solver)
package, developed at the Center for Applied Scientific
Computing of Lawrence Livermore National Laboratory.



Problems: Resolution

Calculating optical signals - Reflectivity 1.0
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Problems: Resolution

Close-up to small values
Spatial grid size:
| * 250
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Problems: Resolution

Close-up to small values
Spatial grid size:
| 500
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Problems: Resolution

Close-up to small values
Spatial grid size:
| ﬂ 1000
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Problems: Resolution

Close-up to small values
Spatial grid size:
| 3000




Summary

» Amplification of plasma waves

» Manipulation of currents with THz
pulses

» Control of the system’s phases

Challenge:

» Get accurate numerical
results in the highly non-
linear regime
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Noise

Dashed line: ¢ (w) = € (\/l — Joxt —

Single realisation:
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Parameter space |
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Parameter space || B 5¥oRD
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Long junctions: traveling kinks
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Parameter space |

Evolution of uniform oscillations:
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