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Quantum picture of reality

* We live in a superposition of worlds with copies of
ourselves enjoying different lives.




Quantum picture of reality

* Atoms, electrons and photons are not actual reality,
but states of knowledge.

* But then, what is reality?




Plan

* Next we look at the logical inner-structure of QM.

 Unvell the fact that the measurement postulates are
a logical consequence of the rest of quantum
postulates.

 Thatis, the measurement postulates are redundant.



Postulates of QT

States Dynamics
Y € PC ) — Utp, U e SU(d)

Composite states
C'=C*®C

Measurements

P(QY) = WIQ[), 0<Q <1
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Postulates of QT

States Dynamics
Y € PC” Y — Usp, U € SU(d)

Composite states
C‘=C*®C’

Measurements
P(fly) = () f e Fy
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Example 2



Properties of Jf4
f: PC* — [0,1]
f*cFq = ), p " € Fy

SU(d) action U : Fg — Fy4
U:f(y)— f(Uy)

Alternative measurement postulate
—»- alternative SU(d) representation



Properties of Jf4

*: Fo X Fp = Fap
(fxg)(¢Y® o) =1(¥)g(9)
(e P2 %) % g =), o (f* * g)
(foU)xg=(fxg)o (U ®1)
(fxg)xh=fx(gxh)



Properties of Jf4

Assumption (possibility of state estimation). Fach
finite-dimensional system C? has a finite list of outcomes
fl ... f% € F,; such that knowing their value on any
ensemble (V,, pr) allows to calculate any other OPF g &€
Fq on the ensemble (.., p,).



Theorem (measurement). The only family of OPF
sets Fo, F3, Fa,... and Fs equipped with a x-product sat-
isfying the “possibility of state estimation” assumption
and conditions (7-14), has OPFs and x-product of the
form

f(p) = (o|Flo) , (15)
(fxg)(W) = W|F o GlY) , (16)

for all p € C* and ip € C* @ C°, where the C*-operator
F satisfies 0 < F' < 1, and analogously for G.



Postulate (post-measurement state-update rule).
Each outcome 1s represented by a completely-positive lin-
ear map A\ related to the operator () via

trA([Y)XY]) = (P1Q[Y) (2)

for all ¢. The post-measurement state after outcome A
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A (full) measurement is represented by the maps corre-
sponding to its outcomes Ay, ..., A, whose sum > ., A;
1S a trance-preserving map.

(3)



Conclusions

* The guantum measurement postulate is the only
possibility that Is compatible with the dynamical
part of QM.

* Hence, the content of the measurement postulate
does not need to be postulated.



Conclusions

* This Is a repeated pattern in the history of physics.

 Example 1: the rebranding of the symmetrization
postulate as the spin-statistics theorem.

 Example 2: the derivation of the laws of
thermodynamics form the principles of mechanics.






