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conceptions of event relativity

A bomb explodes relative X, but not relative to Y

e Everett: X and Y are branches

e Consistent histories: X and Y are consistent sets

» “Relational” approaches: X and Y are observers

« events obtain relative to the system that “observes', as a result of an interaction
with the observed system
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gquantum influences and event
relativity

« quantum influences are just what we need to articulate a better
understanding of event relativity

* it is a concepftion of event relativity that avoids the problems with consistent
histories and Everett, which formalises some (though not all) of the ideas from
relafional approach, but which does so in a way that is conceptually clear
and mathematically precise

- ultimately, we will be led to a precise, observer-independent reformulation
of quantum theory, in which causation is fundamental, and relational events
emerge from it
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what is causation?

» Signalling => causation
» But causation =/> signalling:

CNOT(i, j) = (i, j+i)
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what Is causation?

classically, there is causal influence from the variable A to the variable B
if and only if B depends nontrivially on A in the function that fully
describes the dynamics

the full function tells you whole the dynamical structure, including how
one system depends on another; the causal structure just tells you
whether one system depends on the other
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gquantum influence as unitary
dependence
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gquantum influence as unitary
dependence

no causal
influence from A
to D if and only if:

irsa: 23090026 Page 10/44




equivalent notions

[UA®Ig)UT, Ic D] =0
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nice properties

U(A® Ig)UT,Ic ®@D] =0

- time symmetry: 4 influences D through U if and only if D influences A through U1

* causal supervenience: influences between composite systems are uniquely fixed by
influences between subsystems

» e.g. Ainfluences D;®D, if and only if either A influences D, or A influences D,

Pirsa: 23090026 Page 13/44




equivalent notions

[UA®Ig)UT, Ic D] =0

Pirsa: 23090026 Page 14/44




nice properties

U(A® Ig)UT,Ic ®@D] =0

- time symmetry: 4 influences D through U if and only if D influences A through U1

* causal supervenience: influences between composite systems are uniquely fixed by
influences between subsystems

* e.g. Ainfluences D;®D, if and only if either A influences D, or A influences D,

Pirsa: 23090026 Page 15/44




gquantum causal models

» define causal structure of an arbitrary unitary circuit or supermap

» determine whether a nonunitary supermap is compatible with a given
causal structure

» show that a nonunitary supermap is compatible with a DAG if and only if it
satisfies a markov condition for that dag

» quantum analogue of Reichenbach's common cause principle and d-
separation theorem

« do-calculus
» extension to systems affected by sectorial constraints
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projective decompositions and
projective algebras

Ha = @7{34

» projective decomposition {P4};: the set of projectors onto each subspace

» projective algebra
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projective decompositions and
projective algebras

Ha = @7{34

» projective decomposition {P4};: the set of projectors onto each subspace

 projective algebra P, := Span({Pﬁ}i)
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Inferference influences

equivalently: an agent who
chooses a channel with Kraus
operators from P, can signal to
an agent who chooses a
measurement with operator
elements from Pp

no interference influence from Pa to Pp if and only if:

[U(PA®Ig)UT, Ic @ Pp] =0
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nice properties

U(Ps® 1)U, Ic @ Pp] =0

1

. time symmety: Pa ik Pp < Pp E Pa

« causal supervenience: A —- D < 3P4, Pp : Pa — Pbp

» 50 the interference causal structure is strictly a fine-graining of the previous sort of
causal structure
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events and projective
decompositions

{Ph}i, {P5};, {PE}e
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events and projective
decompositions

{Ph}i, {P5};, {PE}e

» event = the selection of a single projector from a
certain projective decomposition
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events from influences
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events from influences:
preference

« definition: D prefers P4 " if and only if:

Pa 4 PoVPp
[Py, Pa] #0 => IPp : Py — Pp

essential uniqueness: if the above two conditions still hold when we
substitute P’ # P4 for Py, then P’ is a coarse-graining of Py
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events from influences:
preference

» definition: “D prefers P4 ” Pa # PoVPp
if and only if: [P4,Pal #0 = 3Pp : Py — Pp

essential uniqueness: if the above two conditions still hold when we
substitute P’y # P4 for P4, then P’ is a coarse-graining of P4

« theorem: D prefers P if Pa = centre((A® Ig) N comm(U " (Ic ® D)U))
and only if: — centre(A N comm(D))
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events from influences: frames

frame F ={A, B, C}
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events from influences: frames

frame F ={A, B, C} : . .
Py Py P&

Ain Bin Cin

U

Aout Bout Cout

out out out
PA PB PC

preferred by A" @ B'* @ ¢
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consistent histfories from frames

« theorem: the decompositions derived using a single frame form a consistent
set of histories, so we can “consistently” use the probability formula:

/
/ / - €n
Prob(ej,eq,...en,€,) = Tr(PA?LuJ’Ai . PS

Pe‘ (I/d)PE‘ P

P i P“ )

Am 1t

.. where “consistently” means that the probability function is linear
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a causal explanation of
consistency

« when decompositions, the probability formula simplifies to

! ’

! / € e e

Prob(es, €3, . - -n,€,) = TH{(P 2 Pyt PAE{.,t
n

e P (T/d) P P - - PR P32)
1

out - in
A? Air

/

= STr(P%, PCL., ... Py PSn

d Ailn Acl)ut . A:':] A?:,Ut)
which is manifestly linear.

« this simplification is due to the causal structure...
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a causal explanation of
consistency
OUt Ve Pout Pout Pout Pout . Pout
v 4 PP
out 7L) P

Pt - Py i PR

Prob(ex, €}, . . en, €4) = Tr(Ppue P - PAmP‘” UL ot o O P

1 ’

= ~Tr(Pgh, Pjgu,,. PR )

Aout .
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a causal conception of event
relativity

» an event takes place relative to the frame in which its corresponding projective
algebra was derived

» when the same projective algebra is derived in two different frames, there is no
requirement that the events match on a given run
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a precise, observer-independent
reformulation of quantum theory

. DYNAMICS are given by unitary circuits. That a circuit takes place is taken
as a primitive and observer-independent fact about reality.

. An EVENT is the selection of a projector from a projective decomposition.
Events take place relative to a frame, and correspond to projectors that
are preferred by that frame.

3. Events are RELATIONAL, in the sense that if the same projective decom-
position features in two different frames, it needn’t be the case that the
same projector is selected on each run. However, the fact e that an event
e took place relative to the frame F' is absolute.

. In a given frame, the PROBABILITY of a set of events are given by taking
the matrix product of all the corresponding projectors, then tracing and
dividing by the dimension of the Hilbert space.

Pirsa: 23090026 Page 34/44




prepare, measure
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three box paradox

consistent set S: in on the left and out on right
=> |eft path between beamsplitters

consistent set §': in on the left and out on right
=> middle path between beamsplitters
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three box paradox

« consistent set S: in on the left and out on right
=> |eft path between beamsplitters

consistent set §': in on the left and out on right
=> middle path between beamsplitters

but both S and S’ form chains of interference
influences, and so the decompositions
cannot be derived in a single frame
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Wigner’s friend extended Wigner’s friend

Pirsa: 23090026 Page 39/44




a precise, observer-independent
reformulation of quantum theory

. DYNAMICS are given by unitary circuits. That a circuit takes place is taken
as a primitive and observer-independent fact about reality.
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are preferred by that frame.
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same projector is selected on each run. However, the fact e that an event
e took place relative to the frame F' is absolute.

. In a given frame, the PROBABILITY of a set of events are given by taking
the matrix product of all the corresponding projectors, then tracing and
dividing by the dimension of the Hilbert space.
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