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Device-indendenent certification (self-testing)

Quantum computers

Quantum random 
number generators

Quantum key 
distribution

New quantum technologies

Question: How to certify that these devices work according to their specification 
                      and operate on a given state/perform given measurements



Bell scenario: two parties performing measurements on their local systems                   

A B



Bell scenario: two parties performing measurements on their local systems                   

A B

Bell nonlocality

Bell inequalities: 

LHV models/
classical correlations



Certification of true randomness 
[Pironio et al., Nature (2010); Colbeck, Renner, Nat. Phys. (2012)]

Security of quantum key distribution 
                         [Ekert, PRL (1991); A. Acín et al., PRL (2007)] 

 Self-testing
           [Mayers, Yao, QIC (2004)] 

Non-locality is a resource for device-independent certification

Device-independent entanglement certification
                                 [J.-D. Bancal et al., PRL (2011)] 

 Certification of system’s dimension
                                                                        [N. Brunner et al., PRL (2008)] 



[Mayers, Yao, 2004]

The idea of device-independent certification

A B? ?

?



[Mayers, Yao, 2004]

The idea of device-independent certification

a violation of a Bell inequality

Given 

A B? ?

?

Deduce properties of the state 
and measurements 



[Mayers, Yao, 2004]

Self-testing

A B? ?

?

Self-testing:

Reference experiment we
want to certify

Etc.



 Example: Self-testing from violation of the CHSH Bell inequality

[Tsirelson 93;  S. Popescu, D. Rohrlich, 92
Mayers, Yao, 2003]

(maximal quantum value)

(only pure states 
are self-testable)



How to self-test a mixed state?



Some particular classes of measurements in various scenarios

How to self-test a arbitrary measurements?



Certification of measurements and states 
in quantum networks

Certification of measurements and states 
in quantum networks

S. Sarkar, A. C. Orthey, R.A.

arXiv:2312.04405

S. Sarkar, C. Datta, S. Halder, R.A.

Phys. Rev. Lett. (2025)



● projective measurements

Quantum measurements

s.t.

● POVM’s (generalized)



● projective measurements ● POVM’s (generalized)

s.t.

[Wikipedia]

extremalExtremal quantum measurements

[D’Ariano, Lo Presti, Perinotti, J. Phys. A (2005)]

Quantum measurements

● Quantum measurements form a convex set

●

● projective measurement

● extremal POVM’s



Star network
three two-outcome 
     measurements

Correlations
Objective: Characterize Eve’s second 

measurement

● 1st Eve’s meas. to certify the network
                           (GHZ basis)

● 2nd Eve’s measerument 

to be certified



Certification of the sources 

Maximal violation for any l
   First Eve’s 
measurement



Certification of external parties’ measurements

   First Eve’s 
measurement

   and

Tomographically complete set 
of measurements

DI tomography of the second 
Eve’s measurement

S. Sarkar, A. Orthey, RA,
arXiv:2312.04405 



Certification of the given composite measurement 

● projective measurements

● extremal POVM’s

For some given known 
extremal measurement

We want to show that



 Second Eve’s 
measurement

   

Swap of the measurement

Local quantum tomography 
        of the measurement

Pauli matrices

or

Generalization to any extremal measurement on



What about arbitrary nonextremal measurement

nonextremal

extremal

0

GHZ basis
measurement



Certified preparation ofquantum states states (with post-selection)

 Second Eve’s 
measurement

   

● pure states

● mixed states

3d – outcome extremal POVM

 s. t.

 s. t.

Impossible in the standard Bell scenario!

on



A universal scheme for certification of quantum measurements 
(projective and extremal)

The schemes allows for (indirect) certification of mixed states

Explore how robust are the schemes to noises and experimental 
imperfections

Extension to arbitrary quantum maps  certification of q. computations→

Make the schemes more practical (lower number of     
measurements, outcomes etc.)

?

Relax the assumption that the sources are independent 
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