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Outlines

1. What is Quantum Information Scrambling .?

2. Wooter’s Concurrence.

3. A Mathematical Connection .
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The work
3



Scrambling
4

From omelette, one can not recover eggs (irreversible process) 



Quantum Information Scrambling
● A measure of quantumm chaos:
● Quantified through out of order time correlator (OTOC): 

Dicvovered in 1968 in Fermi Gas.

5

A. Larkin and Yu. N. Ovchinnikov, Quasiclassical Method in the Theoryof 
Superconductivity, Sov.  Phys. JhETP 28, 6, 1200 (1969)



Quantum Information Scrambling (QIS) 6

Bounded Operators 

Conditions for QIS



QIS Simplified
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Where



Uhlmann Fidelity and QIS: Mathematical 
Connection
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Following Eq. 1 and using cyclic property of Trace operation we can 
rewrite the factor Re(Z)

Where Forward evolution of pure state 

Backward evolution of pure state 
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If

W. K. Wootters, Statistical distance and Hilbert space, 
Phys. Rev. D., 23, 357 (1981).

Uhlmann Fidelity for Pure States



QIS and  Bures Metric: Mathematical 
Connection 
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From Eq (2) and (4)

If



QIS and Two Qubits Concurrence: 
Mathematical Connection
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Concurrence

If we assume

Hence the concurrence in chaotic matrix M can be calculated as

Since we now 

Hence
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In general M is non-Hermitian

Analytical structure of M
All the elements 
of matrix are 
complex numbers
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Eq. (11) becomes

If

Adjusting  Eq. (2) and (13)

 The relation is Linear



Properties of QIS
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Thanks
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