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From Fluctuations in Quantum Information to Magic



Random Quantum Circuits:

2
Nature, 574,505–510 (2019) Nature, 634, 328–333 (2024)
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Random Quantum Circuits:

Science 374, 1479–1483 (2021)



Information Scrambling
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Information scrambling in quantum circuits

10Science 374, 1479–1483 (2021)
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Information scrambling in quantum circuits

Science 374, 1479–1483 (2021)



Explanation: 

12
Proc. Natl. Acad. Sci. U.S.A. 120 (17) e2217031120 (2023)
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Explanation: 

Proc. Natl. Acad. Sci. U.S.A. 120 (17) e2217031120 (2023)



There must be a better explanation: 

14

For Qutrit systems

A.A. & E.G. SciPost Phys. 16, 043 (2024)



Mana:

15A.A. & E.G. SciPost Phys. 16, 043 (2024)



Stabilizer Renyi Entropy:

16A.A. & E.G. SciPost Phys. 16, 043 (2024)



Information scrambling quantifiers:
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Entropic-based

Correlators-based



Entropic-based quantifiers:
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- Entanglement entropy
- Mutual information 
- Topological entanglement entropy
- Tripartite information
- …



Mutual information:
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By dividing the whole system into three subsystems of A, B and the  
complement of A and B:

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Mutual information meets magic:
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A

B

When |A|=|B|=N/4

A.A., J.H.,C.K. & E.G., arXiv:2408.03831
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Mutual information meets magic:

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Effective term in mutual information:
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|AB| = N/2

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Need to mention: 

23Quantum 6, 818 (2022)



Analytics: 
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Linear behaviour!

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Some more intuitive math:
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lly. It is important to note that this is not merely a consequence of the 
fluctuation of the Renyi-2 entropy being quadratic invariant.

4-Renyi Entropy is also a quadratic invariant: So if I average over 
4-Renyi Entropy I will see this effect as well! 

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



4-Renyi entropy:
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The Fluctuations 
are magical!

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Subsystem Size effect:
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A

B

When 
|A|=|B|=N/4
And |AB|=N/2

What if |A|=|B|=N/8 and 
|AB| = N/4 ?

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Spin measurement: 

28

A

B

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Magic in Measurement-induced Random Circuits:
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A.A., J.H.,C.K. & E.G., arXiv:2408.03831
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Magic in Measurement-induced Random Circuits:

A.A., J.H.,C.K. & E.G., arXiv:2408.03831



Who cares about magic in random circuits?
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Maybe not many people!



What about a generic unitary?

32A.A. & E.G. SciPost Phys. 16, 043 (2024)



Analytics:
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where

A.A. & E.G. SciPost Phys. 16, 043 (2024)



Calculation load:

34A.A. & E.G. SciPost Phys. 16, 043 (2024)

For Stabilizer Entropies:       Observables to be measured (as the number of 
Pauli strings) 

OTOC fluctuations: Fixed(!) number of OTOC instances (heuristically!)

● Google’s experiment had 53 qubits and OTOC instances was 130!
● It is not clear if it is only valid for Random Circuits or it is in general true
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The team



The whole group:
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Thank you for your attention!



Spin measurement fluctuations on EPTs:

38Phys. Rev. Lett. 131 020401 (2023)


