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Consistent Histories
Finding the World in Quantum Theory
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https://plato.stanford.edu/entries/qm-
consistent-histories/
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(1) Basics
Definitions and the Born Rule
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Q AND R ≡ Q ∧ R = QR
<latexit sha1_base64="IYVAMyqD2JCeA0lJKFDdw5kVKRM="></latexit>

Q OR R = NOT

⇣
(NOTQ) AND (NOTR)

⌘

= 1�
⇣
(1�Q)(1�R)

⌘
= Q+R�QR

Properties are defined by projection operators - the 
quantum analogue of regions in phase space.

Properties implemented by operators that commute 
are said to be compatible.  For those, we can do 

logical operations. 
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ℋ = Htf ⊗ . . . ⊗ Ht1 ⊗ Hti

Y = Ftf ⊗ . . . ⊗ Ft1 ⊗ Fti
<latexit sha1_base64="YtRjKKVFuISepYpT4dhNeMDe3dA="></latexit>

T (tb, ta)
�1 = T (tb, ta)

† = T (ta, tb)

T (tc, tb)T (tb, ta) = T (tc, ta)

T (ta, ta) = 1

K(Yα) = F α
tf T(tf, tf−1)F α

tf−1
. . . T(t2, t1)F α

t1 T(t1, ti)F α
ti

W(Yα) = Tr K(Yα)†K(Yα)

History 
Hilbert space

History trajectory

Dynamics

Historical weight 
(Probability)
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<latexit sha1_base64="BZjk5AyMsau/Ab43fntc3ce5quE="></latexit>

Y ↵ = P↵ ⌦ [ ]

Y 0 = 1⌦ (1� [ ])

Pr = ∥ PT(t1, t0) |ψ⟩ ∥2

Pr = ⟨ψ |T(t1, t0)†PT(t1, t0) |ψ⟩ = Tr (T(t1, t0)†PT(t1, t0)[ψ])

These definitions and postulate generalize, and are 
inspired by:



(2) “Consistency”
Motivation, Definition, Example
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W(Yπ) = ∑
β

∑
α

πβπα Tr K(Yβ)†K(Yα)

Yπ = ∑
α

παYα

<latexit sha1_base64="o5uz05121NCRbj4CUuUcsEONheM=">AAACXXicbVFNb9QwEHVSCm0o7QIHDlwsVkhbDqukh8IFUZULxyKxTav1Ek2c2V2rjhPsCWgVpT+SG730r+D9OJSWkSw9vfdGM/Oc11o5iuM/Qbj1aPvxk53d6Ones/2D3vMX56 5qrMSRrHRlL3JwqJXBESnSeFFbhDLXmOZXn5d6+hOtU5X5RosaJyXMjJoqCeSprEcix5kyLf5oVsy7TmjIUbe/wBAWKarZnLooHVxmolaH/Fo4AnllveNT137srrlwTSm0KhU57i2ZAF3PgacDfvl9jQ8jgaa4MyLr9eNhvCr+ECQb0GebOst6v0VRyaZEQ1KDc+MkrmnSgiUlNXaRaBzWfi2Y4dhDAyW6SbtKp+NvPVPwaWX9M8RX7N2OFkrnFmXunSXQ3N3XluT/tHFD0w+TVpm6ITRyPWjaaE4VX0bNC2VRkl54ANIqvyuXc7AgyX9I5ENI7p/8EJwfDZPj4fHXo/7J6SaOHfaavWEDlrD37IR9YWdsxCS7CViwG0TBbbgd7oX7a2sYbHpesn8qfPUXV/K2Qg==</latexit>

W (Y⇡)
?
=

X
⇡↵W (Y ↵)

Tr K(Yβ)†K(Yα) = 0 for α ≠ β

Consistent histories condition 
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<latexit sha1_base64="0ikoGCNCzis4yJYYAdY5Oork56k="></latexit>

Y 0 = [z�]⌦ 1⌦ 1

Y 1 = [z+]⌦ [x+]⌦ [z+]

Y 2 = [z+]⌦ [x+]⌦ [z�]

Y 3 = [z+]⌦ [x�]⌦ [z+]

Y 4 = [z+]⌦ [x�]⌦ [z�]

[z+] =
1 + σ3

2
etc .

<latexit sha1_base64="f+Nam9+FeuQmzE2KNFPTqEcN65s="></latexit>

TrK(Y 1)†K(Y 3) = Tr
1 + �3

2

1 + �1

2

1 + �3

2

1� �1

2

1 + �3

2

=
1

16
Tr(1 + �3 + �1 + i�2)(1 + �3 � �1 � i�2)

=
1

4
6= 0

Example of inconsistency



(3) Frameworks
The World(s?) in Many Worlds
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Meta-theory



(4) Emergence (?)
Must Frameworks be Imposed “From the Outside”?
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