
Verification of Continuous-
Variable Quantum Memories

(and other devices)

Paolo Abiuso, CEQIP 2023



Some motivation

• Storing
• Sending
• Interfacing

• Preparations
• Gates
• Measurements
• …..

Manipulation

vs

Distribution



• Memory

• Transmission Line

• Transducer

“Preserve information as well as possible”



What should a memory do?
• Channel should be as close as possible to the identity

• Or should it?                                  is “equally” good 

(also, isometries cannot be resolved without full trust in the devices)

• Fundamental property of a quantum memory: 

being non Entanglement-Breaking (nEB)

 
EB channels

=
Measure&Prepare



The true title of this talk…

Certifying non Entanglement-Breaking channels 
(nEB)

• A,E, both trusted: tomography

• A untrusted: trivial

• A trusted, E untrusted: “interesting”

A E



Measurement compatibility
• A set of measurements  is compatible, or jointly measurable, if

• EB channels break the incompatibility of any set of measurements

• EB channels  IB channels 

•  



Pusey 1-mode measurement-device-independent scenario

A E

                         Entanglement
breaking

Incompatibility 
breaking

Detectable

Channels



Measurement-device-independent scenario:

Untrusted quantum providers

A

Q

However: how do we know the memory was used in the first place? (similarly for transmission lines, transducers)
no way to guarantee in general

MDI certification of nEB channel= Tomography of the induced measurement



Bipartite scenario

• A,E, both trusted: tomography

• A,E both untrusted? device-independent protocol, with no additional assumptions, is 
not possible

• An MDI protocol is "minimal" in this scenario, can guarantee the use of the memory 
and can be constructed without using entangled sources

A E



Protocol by Rosset et al., PRX 8
A E• Send 

• Wait memory time  
• Send 
• Eve’s measurement:
 ,  

 

WITNESS of nEB



In case the memory is entanglement breaking



A look at MDI protocols vs nEB channels, 
from the point of view of induced measurements

• Pusey scenario: compatible vs incompatible measurements

• Rosset scenario: All bipartite measurements vs 1-LOCC measurements

 



Some experiments



MDI witnessing of all nEB channels!

However:

• Only for finite-dimensional memories

• One needs to know the specific witness



A proposal for continuous-variable 
systems

Main result

arXiv
2305.07513



Idea of the proof

Estimating                 and               

with minimum error

Memory is EB ~ measuring       separately



What channels can we witness this 
way?
• That is, for what class of channels can one achieve                          ? 

=Gaussian non Incompatibility-Breaking channels

i.e. those such that

For all Gaussian measurements  

Second main result

ALL WITH THE SAME WITNESS 
+ simple attenuations/amplifications

Lossy channel with efficiency η



Other devices?

• Time, position, frequency…..

• Time is different  irreversibility allows 1-way certification



…and that’s a wrap!

• Good quantum memories (lines, transducers…) are non Entanglement-Breaking

• Certification of nEB channels makes sense (mostly) in the MDI scenario

• Constructive protocol for discrete-variable memories

• Simple protocol for CV memories

• Outlook: other devices, MDI certifications in networks, practical protocols for 
honest users with untrusted providers…

• Papers: Pusey, 2015; JOSA B, 32(4),
Rosset, Buscemi, Liang, 2018; PRX, 8(2).
Abiuso; 2305.07513
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