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Multimode squeezed vacuum states 
(Cluster states)

MULTIMODE ENTANGLEMENT STRUCTURE IN CONTINUOUS VARIABLES

Z. Z. Qin, M. Gessner, Z. Ren, X. Deng,  
D. Han, W. Li, X. Su, A. Smerzi, and K. Peng,  
npj Quant. Inf. 5, 3 (2019)

CV Entanglement in all (multi-)partitions detected
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• Single parameter sensitivity gain (diagonal)

• Multiparameter gain (off-diagonal)
nonlocal squeezing, mode entanglement

local squeezing, particle entanglement

Violation of this bound: 
metrological entanglement 

witness 

Not saturable in general!

Optimal observables for different 
parameters do not commute

Covariance matrix

Saturable lower bounds on multiparameter sensitivity 

• Collective squeezing of a set of observables 
• Sensitivity 

M. Gessner, A. Smerzi and L. Pezzè, arXiv:1910.14014

(Covariance matrix)
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General scenarios 
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(Covariance matrix)
• Cramér-Rao bounds are of limited use 

(not saturable) 

• New approach required! 

• So far, no satisfactory answer is known!

General scenarios 
 (non-commuting generators)

Generalizing the Fisher information 
(Bounds that do not require an asymptotic limit)

Role of stronger quantum correlations than entanglement 
• “Einstein-Podolski-Rosen steering” 
• Violation of Bell’s inequalities

Optimization of observables for general scenarios?
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QUANTUM PARAMETER ESTIMATION 

CONCLUSIONS

Metrological sensitivity 
of quantum systems

Quantum correlations
Quantum states

Observables

Controllable many-body quantum experiments

Thank you for your attention!
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