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Model: Kicked Top
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Model: Kicked Top

Rotation of PO by ‘p’ about Jy Rotation of P0’ by ‘kJ.’ about J.
4 Z
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Chaotic Model: Kicked Top

m 4
= F g T
_QJTJerpJV;)A(t nr)

X =

J
Classical equations of motion

X' = ZcoskX +:Y sinkX
Y' = —-ZsinkX + Y coskX
Z' =-X
X' = X(nt+1),X = X(n1)

X¢+Y:+2Z:=1.

.. Polar co-ordinates
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Chaotic Model: Kicked Top

Classical equations of motion

X' = ZcoskX 4+ YsinkX

i ZsinkX + YcoskX

Figure: Classical stroboscopic phase space

k=30and p=1n/2

. Polar co-ordinates
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Kicked top: Periodic orbits

Period | @ Period | Period 2 @ Period 4
® 'criod @ Period 8@ Chaot i

Figure: Classical stroboscopic phase space,' »

'Ruebeck et. al, PRE 95, 062222 (2017)
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Motivation: Entanglement vs classical dynamics?

e Chaudhury et. al, Nature 461, 768 (2009):

“...purely quantum property of entanglement is a good signature of
classical chaos" in a 6-qubit kicked top.

Thaoratical ime-averagoed antanglamant

(as a function of initial conditions

Exparimantal time-averaged antanglemant
(as a function of Inltal conditions ying on

Horizontal green ling in middle Nigure)
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Motivation: Entanglement vs classical dynamics?

Experimental investigations:

@ "Quantum signatures of chaos in a kicked top", Chaudhury et. al,
Nature 461, 768 (2009):
" ...purely quantum property of entanglement is a good signature of
classical chaos" in a 6-qubit kicked top

e "Ergodic dynamics and thermalization in an isolated quantum
system", Neill et. al, Nature Physics 12, 1037 (2016):
In a 3-qubit kicked top,
Classically chaotic dynamics - high entanglement
Regular dynamics - low entanglement.

Theoretical and numerical investigations:

e Ruebeck et. al, PRE 95, 062222 (2017)
In a 2-qubit kicked top,
classically chaotic dynamics - medium level entanglement
regular dynamics - either high or low entanglement.
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SCS: Quantum analog of classical states

Classical state
Quantum state
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SCS: Quantum analog of classical states

0,0) = R(0, )/, ))

where R(0, ¢) = exp (i0(J.singd — J, cosd))
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Quantum dynamics using Husimi function

Husimi phase space distribution

4—1_()] -+ ])1(”‘ t’,'l‘/J!U, ("J>

Figure: Evolution of SCS with Hamiltonian
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Quantum dynamics using Husimi function

Husimi phase space distribution

Q(0,d) = (24 + 1)(0, d|p|0, D)

Evolution on sphere = Evolution in (0. ¢)
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QKT: Quantum dynamics for a stable period-2 orbit

No. of kicks = 14

Figure: s
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QKT: Quantum dynamics for a stable period-2 orbit

No. of kicks = 26

Figure: s
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QKT: Quantum dynamics for a stable period-2 orbit

No. of kicks = 43

Figure: s
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QKT: Quantum dynamics for a stable period-2 orbit

101 kicks 102 kicks 103 kicks 104 kicks

I' N l
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QKT: Quantum dynamics in the chaotic regime

No. of kicks = 24

Figure: x 3, ) =40

Pirsa: 22030055 Page 28/36



QKT: Quantum dynamics in the chaotic regime

No. of kicks = 19

Figure: n = 3, j = 40 (different range for colour axis)
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QKT: Quantum dynamics in the chaotic regime

No. of kicks = 39

.,

Figure: n = 3, j = 40 (different range for colour axis)
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QKT: Quantum dynamics in the chaotic regime

No. of kicks = 29

-

| %

40 (different range for colour axis)
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QKT: Quantum dynamics for a stable period-2 orbit

101 kicks 102 kicks 103 kicks 104 kicks

I' N l
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QKT: Husimi distribution of eigenfunctions

Figure: Classical stroboscopic phase
Figure: Husimi distribution for space. k = 3.0and p = m/2
eigenfunctions. x = 3.0 and p
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QKT: Husimi distribution of eigenfunctions

.5

Figure: Classical stroboscopic phase
Figure: Husimi distribution for space. k = 3.0and p = m/2
eigenfunctions. x = 3.0 and p
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QKT: Husimi distribution of eigenfunctions

Figure: Classical stroboscopic phase
Figure: Husimi distribution for space. k = 3.0and p = 7/2
eigenfunctions. x = 3.0 and p
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QKT: Husimi distribution of eigenfunctions

Figure: Classical stroboscopic phase
Figure: Husimi distribution for space. k = 3.0and p = m/2
eigenfunctions. x = 3.0 and p
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