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Question: What happens when a quantum state
evolves through a coherent superposition of two
different dynamics?
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We study a new setting where the .
two branches correspond to

regular and chaotic dynamics.
J

initial state

-

This allows us to ask:

.

How does classical chaos modify the quantum
interference pattern between two evolutions?
Understanding this may provide insight into quantum-classical
correspondence, scrambling, and quantum control.
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Introduction of kicked top
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Flow of the talk
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Quantum and classical
dynamics
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Mach-Zehnder setup with
kicked top evolutions
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Post selection and classical
mixture

Entropy generation and
observations




Quantum kicked top

- A finite dimensional system with fixed total spin (angular momentum) j.

« Periodically driven system
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precession about y-axis

periodic impulsive non-linear twists

h
 Chaotic in classical limit (7 - 0)

« Used to study quantum chaos.
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Classical dynamics (j — o)
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Classical Kicked Top Trajectory

Classical Kicked Top Trajectory

Haake, Z. Physik B - Condensed Matter 65, 381-395 (1987)



Stroboscopic phase space

5

=0

(a) K




Quantum kicked top
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« The QKT system with spin j can be considered as an 2j
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Quantum dynamics

Floquet unitary operator for one kick -
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Comparison with classical dynamics
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Question: what happens when we
superposed two chaotic evolution?



Quantum kicked top in the Mach-Zender interferometer
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Quantum kicked top in the Mach-Zender interferometer

Initial state:

Pr+s(0) = pr(0) ® ps(0)
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Quantum kicked top in the Mach-Zender interferometer
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Quantum kicked top in the Mach-Zender interferometer

Input: g,
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Entropy difference

Von Neumann entropy:
S(p) = —Tr(plogp)

4 )

Superposition with post-selection:

Py (ny o1, 01502, 02)
— cos?(%) cos?(3)pl! (n) + sin?(%) sin®(%) p22(n)

+ i sin(a) sin(a; ) (ﬁi(l.r:z—tpl) p12(n) 4 e—ilpr—en) y21 (n)) Single-qubit entropy difference:
- 4 AS(n) = S(Trn-1(p)) = S(Trn-1(p2%))
Classical mixture: AS > 0: classical mixture has more entropy,

P (n; 01, 01) = cos? (01/2) pit + sin? (0, /2) p22 AS < 0: post-sclected coherent superposition has more entropy




Case 1: 01 = 09 &gﬂl = @9

Single-qubit entropy difference:

AS(n) = S(Try-1(p)) = S(Tra—1(p%))

AS

0'16 I I T T L] I I I 1 D-]-S T T 1 1 1 T T 1
—e—x = (0.5,1) —e—o2 = 0.331
0.14 | = -4 = (0.5,2)4 0.14 - ¢ o2 = 047 -
,’;"_*‘:\ —a--£ = (0.5,3) —a--a) 5 = 0467
0.12 ’:_f \“1‘ —— g = {'0.5, 4) = 0.12 T 0.537 i
I";’ "-‘l ==y = (05, 5)
L r:‘ o — 4 P Y - - =G
0.1 ¥ ’{ y=0 0.1 Jn o -9 . ~o--0--
0.08 \ 0.08 ]
0.06 wn
.06 E
q 0.0
0.04
0.04 T - ! b
0.02 p 3% ) ~ger B~ ' - ‘-\‘E“"a_-‘ﬂ"*ﬁ""
e 0.02 ' ~ R ., N
PO - T “Q
; 0 b S ——— |
0.02 - \h_ i R . . N
b -0.02}F ! M S S S
_0.04 | _ B e - - el - e m e = M
1 L L 1 1 1 1 L L -0.04. 1 1 L L L L L 1
0.0r 01w 027 037 0dx 05«0 06«0 070 087 097 107 0 1 2 3 4 5 [ T 9
ad1.2 Ka — K1

Regular 4 chaotic superposition can generate more entropy than classical mixing,
when the chaotic branch has sufficient weight.
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Regular + chaotic superposition can generate more entropy than classical mixing,
when the chaotic branch has sufficient weight.
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Summary

Key idea

Coherent dynamics beyond
classical mixing

Regular vs chaotic branches

Phase-space sensitivity

Impact

Message

A post-selected interferometer produces a coherent combination of two
kicked-top evolutions. The result is controlled by interference terms, not
only by probabilistic weights.

Entropy enhancement appears when the two branches belong to different
dynamical regimes and post-selection favors the chaotic branch.

The generated entropy depends on the underlying classical phase-space
structure, such as regular islands, mixed regions, and chaotic seas.

This provides a new way to probe how chaos modifies quantum
interference, with possible relevance for quantum-classical
correspondence, scrambling, and coherent control.

[ Open question: Does the effect sharpen in the limit of large-j/ semi-classical limit? ]
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Case 1: 01 == o)) &(pl = @9
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Regular + chaotic superposition can generate more entropy than classical mixing,

when the chaotic branch has sufficient weight.
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Spin coherent State

Initial state
7:0,0) = R(0,9)|7.7) = exp [i0(J, sin¢ — J, cos 9)]|7. )

Coherent states are minimum-uncertainty states

h
AJidSx = 5| A

Husimi probability distribution for j = 4 and j = 50 and max value 1 corresponds to SCS.
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Classical mixture vs superposition
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difference in avg entropy of one qubit(200 kicks, Cl-Ps)

Classical mixture vs superposition

spin = 25, (0, ¢) = (2.25,1.1), Post-selection vs classical mixture
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spin = 25, (#,¢) = (2.25, —1.6), Post-selection vs classical mixture
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Classical mixture vs superposition

spin = 25, k; = 0.5, (8, ¢) = (2.25,1.1), Post-selection vs classical mixture
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Classical mixture vs superposition

spin = 25, Post-selection vs classical mixture
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