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The multicopy method by T. Brun



The multicopy technique [1]

Goal : Evaluate the following polynomial function

Then there always exists a multicopy operator whose mean value on multiple copies of the state evaluate the function :

where 

[1] T.A. Brun, Measuring polynomial functions of states, Quant. Inf. Comp. 4, 401 (2004)



Optical nonclassicality

Glauber-Sudarshan P-function [2] :

A state is said to be classical if its Glauber-Sudarshan P-function is a probability distribution : 

If the Glauber-Sudarshan P-function of a state     fails to be interpreted as a probability distribution, then 
the state is nonclassical.

[2] R. J. Glauber, Phys. Rev. 131, 2766 (1963) & E. C. G. Sudarshan, Phys. Rev. Lett. 10, 277 (1963)

where        coherent state

≠

Known witnesses: Mandel parameter, squeezing parameter, Shchukin et al. hierarchy of nonclassicality
witnesses, quadrature coherence scale 



Physical Review A, 106: 043705, October 2022.



If there exists a     s.t.                 then 
the state is optically nonclassical

Nonclassicality and matrix of moments [3]

[3] E. Shchukin et al., Phys. Rev. A 71, 011802(R) (2005)

Shchukin, Richter and Vogel hierarchy 
of nonclassicality criteria based on 

normally ordered moments



2-copy nonclassicality observables:       and

Squeezed and even cat states Fock and odd cat states

Interpretation



Phys. Rev. A 108, 023730 – Published 31 August 2023



•

•

•

Quadrature coherence scale [4] 

[4] S. De Bièvre, D. B. Horoshko, G. Patera & M. I. Kolobov, Phys. Rev. Lett. 122, 080402 (2019)

Definition for a state      of     bosonic modes: 

where 
(purity) 

Properties: 

is nonclassical

Nonclassicality measure: the larger the QCS, the further it is from 

Classical states: QCS lower or equal to 1

Average coherence scale of any pair of conjugated quadratures



Measurement of the quadrature coherence scale [4]

QCS for one mode system:

Separated multicopy measurements Need of 2 copies

where (purity) 

is nonclassical

[4] S. De Bièvre, D. B. Horoshko, G. Patera & M. I. Kolobov, Phys. Rev. Lett. 122, 080402 (2019)

How to measure the QCS? 



Measurement of the purity

where

[5] A. J. Daley, H. Pichler, J. Schachenmayer & P. Zoller, Phys. Rev. Lett. 109, 020505 (2012)
[6] R. Islam, R. Ma, P. M. Preiss, M. Eric Tai, A. Lukin, M. Rispoli & M. Greiner, Nature 528,77–83 (2015)

Measurement of the swap operator already implemented in a many-body Bose-Hubbard system [5][6]



Measurement of the purity
Fock state

Squeezed state

Even



Objective

Measurement of the QCS



Measurement of the QCS

where



Other results and comment

QCS for n modes Numerical simulations of the result

[7] A. Z. Goldberg, G. S. Thekkadath & K. Heshami, Phys. Rev. A 107, 042610 (2023)

Experimental implementation 
already done [7]



o Try to improve our results by using homodyne or heterodyne detection and/or active elements 
(e.g. implement           )   

Conclusion and perspectives 
• Multicopy technique: efficient way of measuring some expectation values experimentally.  

[7] A. Z. Goldberg, G. S. Thekkadath & K. Heshami, Phys. Rev. A 107, 042610 (2023)

[7]

• Perspectives:

o Use multicopy technique to implement new criteria

o Analyze the mathematics behind multicopy (link with algebra, Jordan-Schwinger map)



Thank you for your 
attention !
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