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Probe incompatibility
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Tradeoffs in optimal probe state
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(F = quantum Fisher information)

FYI: these limits can be related through Kramers–Kronig relations  
[I. Gianani, FA, A. Verna, V. Cimini, R. Demkowicz-Dobrzanski & M. Barbieri, Optica (2021)]



Probe incompatibility
Necessary conditions for joint optimality
• optimal phase estimation ~ large number uncertainty  
 
optimal loss estimation ~ small number uncertainty  

• necessary conditions: 
 
i) most photons in the phase arm (loss)  
 
 
ii) sub-Poissonian statistics (phase)


• possible for large N!
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Measurement incompatibility
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→ 1

L = symmetric logarithmic derivative (SLD), 
optimal observable for each parameter

lower bound on total error 
(attainable without  
meas. incompat.)

attainable total error  
with meas. incompat.
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[L̂ω, L̂ε] →= 0



Results
(large photon number limit)

N-photon states 
(non-Gaussian) Gaussian states

(1) single-mode Probe ✅ 
Measurement ❌

Probe ❌ 
Measurement ❌

(2) two-mode 
(entanglement assisted)

Probe ✅ 
Measurement ❌

Probe ✅ 
Measurement ❌



Features of optimal states
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N = 307 teeth-structure: estimate  
loss even with large N variance

1-mode

2-mode
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• No method to tackle both incompat. together for large N yet! 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• Future: thermal noise (microwave regime)



Thank you for your attention! 
(and feel free to get in touch if you are interested  

in multiparameter quantum metrology)
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