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‘Phase phenomena in probabilistic theories’ 



Phase phenomena in probabilistic theories: motivation 



Overview 



1. Probabilistic theories 



Probabilistic theories: 1/5 “Everything is real” 



Probabilistic theories 2/5: Understanding states 

Measurement Outcome Tossing type 1 Tossing type 2 

Coin side H 0.7 0.5 

T 0.3 0.5 

State 1 State 2 

Measurement Outcome Preparation 1 Preparation 2 

M1 +1 1 1 

-1 0 0 

M2 +1 1 0 

-1 0 1 

Another example 

State 1 State 2 

Relative 
frequencies 



Probabilistic theories 3/5: State spaces 

Bloch Sphere 
is one 
example of a 
state space 



Probabilistic theories 4/5: Transformations of states 

Rotation of 
sphere: a 
transform-
ation 



Probabilistic theories 5/5: Beyond quantum 

State with 
<X>=<Y>=<Z>=1 

State with 
<X>=<Y>=-<Z>=1 



2. Phase in probabilistic theories 



Phase in probabilistic theories (1/3) 

Phase 



Phase in probabilistic theories (2/3) 

Z = +1 

X = +1 

Z = +1 



Phase in probabilistic theories (3/3) 

X = +1 

<Z>=+1 

X = -1 

Y = +1 

Y = -1 

<Z>=-1 

<X>=+1 <X>=-1 



3. Phase in interferometers: 
How uncertainty enables 

phase dynamics 

Photo courtesy of 
English National Ballet 



Why interferometers implement phase dynamics 



A stronger restriction: branch locality 



Branch locality, as visualised on Bloch sphere 



How uncertainty enables phase dynamics 



4. Post-quantum particle exchange phase 



Making particle exchange phase observable 



What if systems are not quantum? 



Particle exchange phase in post-quantum theories 

This example has phase 
elements that square to 

identity, yet do not 
commute-> non-

Abelianicity in 3D space?  



Summary and Outlook 



 

 

Acknowledgements: Discussions with Mehdi  

Ahmadi , Caslav Brukner, Yuval Gefen, Jerry  

Finkelstein, Libby Heaney, Markus  

Johansson, Markus Muller, Jonathan  

Oppenheim, Felix Pollock , Matt Pusey and 

Anton Zeilinger. 

  Thank you 



More general statements 



Particle exchange phase, extension to probabilistic theories 



Particle exchange phase, extension to probabilistic theories 


