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Light from an electric torch
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Frogs can see individual photons
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Light travels in straight line?

:'h Penumbra
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Pattern for a white beam

Black rings
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Blue edge
Red edge
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Shadow cast by a barrier of two straight parallel slits
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4 vs 2 slits
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Hilbert Space Structure

Let
H=Hs RQ3HsQ HE

denote the Hilbert space of system, apparatus, and environment.

Initial state:

wo) = (Yails)) @ o) @ Eo), D lel =1.

1
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Unitary Measurement Interaction

Measurement interaction is unitary:

U(ls) @ |Ag)) = [si) @ A7),
By linearity:

V1) = cils) @ 14) @ |E).

1

No collapse invoked.
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Decoherence

Environment interaction:

|Ai)| Eo) — |Ai)|E;), (EilEj) =~ 6j5.

Final global state:

|Winal) = Z cilsi) ® |Ai) ® | E).

1

Decoherence suppresses interference between branches.
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Copenhagen Interpretation

Add projection postulate:

e With probability |ck|?, the state collapses to

[Sk) ® |Ak) @ |Ex).
@ All other components are removed.
[Weinal) — |sk) @ |Ax) @ |Ek)-

Non-unitary, stochastic postulate.
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Everett (Many-Worlds) Interpretation

No projection postulate.
The full state

Winal) = Y cilsi) @ |A) @ |E;)

1

is physically complete.

Each decohered term defines a branch.
Observers in branch i experience outcome i.

Born rule:
p(i) = |cil?

interpreted as branch weight.
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Double-Slit: No Which-Path Detection

After slits:

) = —=(IL) + |R)).

f
Screen amplitude:

2

1
Pi) = | 5 (0) + Ur(x))

Interference term:

2Re(¢L (x)¢r(x))-
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Double-Slit: With Which-Path Detection

Entanglement with detector:

_ L
V2

Reduced density matrix:

V) (ID[Dc) + |R)|DR)),  (Di|Dg) ~ 0.

ps = 5 (IL){LI+ RY(RI).

No interference:
1 2, 1 2
px) = Sl ()R + 3 ur()P
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Essential Difference

Shared Formalism:
@ Hilbert spaces
@ Unitary evolution
@ Decoherence

@ Born probabilities

Single Divergence:
@ Copenhagen: collapse is a physical process.

@ Everett: universal unitary evolution; collapse is branch-relative
conditioning.

Mathematics identical. Ontology differs.
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