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Measurement problem



• A theory making predictions incompatible with measurement outcomes 
being absolute? (Vilasini, Ormrod, Barrett, 2023)

• …how, or whether, wavefunction collapse occurs (wikipedia)

• …collapse and unitary evolution cannot be reconciled. This is the core of 
the “big” measurement problem (Baumann et al 2016, Bong et al 2020) 

• How to reconcile the vastness of the Hilbert space of possible states with 
the observation of a comparatively few “classical” macrosopic states, 
defined by having a small number of determinate and robust properties 
such as position and momentum? (Schlosshauser 2005)
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Local Friendliness & FR no-go theorems

Can quantum theory 
describe the use of itself 

consistently?

Are events 
absolute?
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Using linearity of unitary map
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5 - C Y C L E  W I G N E R ’ S  F R I E N D  P R O T O C O L
“ C F  5 - C Y C L E ”

To obtain context {1,5} we must 
commute
U_{M_5} past 4,3,2 until U_{M_1}:
• So we must replace Locality by 

Commutation Irrelevance
• Similar to Bell → KS 

noncontextuality

violates Commutation 
Friendliness



5 - C Y C L E  W I G N E R ’ S  F R I E N D  +  P R E P A R E - A N D -
M E A S U R E
“ L F  5 - C Y C L E ”

Measurement Bob depends on choice y
❑ y = 0 measure outcome a1
• (by Local Agency also gives 
     conditions on case y=1,b=+
❑ y = 1 measure in +,- basis:
• If outcome = +: U_{M_1} is
    undone and other 5-cycle 
    contexts are obtained

violates Local Friendliness
(using possibilistic contextuality)
as p(a1,a2,a3,a4,a5 |x_{1-4}=0,y=1,b=+)
is global NC distribution (which cannot
exist)



A  L O C A L  F R I E N D L I N E S S  P A R A D O X  
B A S E D  O N  T H E  P E R E S - M E R M I N  

S Q U A R E



C O N T E X T U A L I T Y  A N D  N O N L O C A L I T Y :
P E R E S - M E R M I N  M A G I C  S U A R E
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• violates Local Friendliness

• State-independent!



T H E  C F - P E R E S -
M E R M I N  S C E N A R I O

What if no additional prepare-and-
measures?
• Violates Commutation 

Friendliness
• State-independent!



L O C A L  F R I E N D L I N E S S  V S .  T H E  G H Z — F R  P A R A D O X



D I S C U S S I O N  A N D  C O N C L U S I O N



T H A N K  Y O U
Q ?
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