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Robertson–Schrödinger Uncertainty Principle

�OX�OZ � 1

2
|h�|[OZ ,OX ]|�i|

A statistical statement for two (specified) 
measurements and a (specified) state 

To (verify) test this inequality, we require the accurate preparation of 
the specified input state and the specified measurements.
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Maassen-Uffink Entropic Uncertainty Principle

H(X) +H(Z) � � logmax

x,z

|hx|zi|2

�X ,�Z

Example.

Choose the measurements as the Pauli X and Z operators 

H(X) +H(Z) � 1

H(X) = 0 ) H(Z) = 1

Certainty vs Uncertainty, e.g.,





(Informal) Problem Statement:
How do we know if the setup “respects” the uncertainty principle?





{Pr[X = x|A = a]}
x,a

Accessible statistics in the Expt: 
conditional probabilities



However, in this situation, there is always a 
classical strategy that can be used to explain any 
statistics (predicted by quantum mechanics).  



In that case, lets try to imagine a bipartite scenario... 

Where we know that there are certain correlations 
that cannot be explained by any classical strategies.



Bell’s theorem!!!



{Pr[X = x, Y = y|A = a,B = b]}
x,y,a,b

Accessible statistics in the Expt:



{Pr[X = x, Y = y|A = a,B = b]}
x,y,a,b

Accessible statistics in the Expt:

Say, we consider the CHSH inequality

S =
X

x,y,a,b

(�1)a^b�x�y Pr[x, y|a, b]  2
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�X ,�Z
�Z + �Xp

2
,
�Z � �Xp

2
A: B:



Observation 2. 
All non-local correlations respect the “monogamy” 
law

That is, if we observe the maximal CHSH value, then 
we can be sure that no one in the universe can be 
correlated to our observed statistics.



Lets gather what we know now:

1. The CHSH test allows us to certify if the measurements 
are maximally non-commuting, which allows us to check if 
the setup is respecting the uncertainty principle. 

2. Also, the correlations generated from the CHSH test 
respect the “monogamy” law.
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In the limiting case where the CHSH test generates the maximal violation, 

H(X) +H(X 0) � 1
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Quantum Cryptography

ProtocolKint

Initial 
Secrecy Eve

Brief overview and Secret Key Length

Output Keys

{KA,KB ,?}

In theory, establishing meaningful bounds on H(X|E) is hard.

The length of the final secret key

|KA| ⇡ H(X|E)�H(X|B)
Renes and Renner 2012
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Security proof sketch.

|KA| ⇡ H(X|E)�H(X|B)
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How to avoid the detection loophole

Device-Independent QKD 
with local Bell test
Lim, Portmann, Tomamichel, Renner 
and Gisin 2012.
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Thank you

For more information, see
• Quantum Cryptography with Local Bell test, Lim et al, arXiv:

1208.0023 (2012)

• Tight Finite-Key Analysis for Quantum Cryptography, Tomamichel et 
al, Nature. Commun. 3 634 (2012)

• Entropic uncertainty relations - A survey, Wehner and Winter, New. J. 
Phys. 12 025009 (2010).

• The Uncertainty Principle in the Presence of Quantum Memory, Berta 
et al, Nature. Phys. 6 659-662 (2010).


