
Informa(on for nega(ve probabili(es and entropic uncertainty in phase space 
 

Tobi Haas 
 
Lying at the heart of informa3on theory, entropy func3onals quan3fy the sta3s3cal 
uncertain3es and correla3ons of random variables. However, they involve logarithms of the 
underlying probability distribu3ons, thus rendering informa3on theory heavily reliant on non-
nega3ve probabili3es. This poses significant challenges when analyzing informa3on in 
quantum systems using the Wigner W-distribu3on, which is well known to yield nega3ve 
values for nonclassical states.    
 
Here, we propose extensions of standard entropic measures to accommodate nega3ve 
probabili3es by accoun3ng for their sign with extra bits. We demonstrate that our defini3ons 
preserve, in a generalized sense, many fundamental proper3es of standard entropies, which 
allows us to prove a generalized variant of the Wigner entropy conjecture. Further, we put 
forward 3ght entropic uncertainty rela3ons (EURs) for mixed states and conjecture a novel 
EUR that is 3ght for all Gaussian states, whether pure or mixed. 


