Why Causal Correlations are Applicable to
Quantum MEChanics Conclusions:

e Causality in classical physics relates to casual relations
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Grand Challenge:

e Quantum physics refers to the study of the behavior and nature
of microscopic particles (Clegg 2019)

e Gravity Is a force that is well-defined in terms of classical
physics, or the behavior and interaction between groups of
particles on the macro scale

e A model for causality in terms of quantum physics currently does
not exist (Ball 2017)

o Causality is generally presented through the concepts of

“cause” and “effect”

m In terms of classical physics, this definition and how
causality is modelled is much more complex (Allen et al.
2017)

o Our group decided to focus on researching how quantum
mechanics can abide by a definition of causality

o 3 Scenarios within causal correlations 1
m Perceived cause results in the perceived effect (direct
cause)
m A hidden variable is responsible for the perceived effect
while the perceived cause is unrelated (indirect cause)
m Both a perceived cause and a hidden variable are
responsible for the perceived effect (Both)
e Quantum Causality (Quantum Physics)
o Main Conclusion: The scope of quantum causality goes
beyond causal correlations, but can include causal
correlations 2
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o (Only allows for certain types of o Include amuch /arger scope of
correlations correlations beyond casual correlations

o This includes casual correlations Jj © Example of Bell Correlations
o Result from observing quantum particles

o Affecting one quantum particle agpearsto
affect another quantum particle regardless
of the distance between them

= Such particles are considered
"entangled"

CauSality — the relationship between cause and effect

e The Term classical causa|ity_ refers to the rules

Quantum - language adapted to the study of the
behavior and nature of microscopic particles

that govern the manifestation of causality in
classical physics.

What We Did:

e SCI 150:
o Research into a history of Quantum Gravity (roots,
experimentation, etc.) (Clegg 2019)
o Creation of concept maps based on research
o Meeting with Dr. Silva, an expert in quantum physics,
specifically researching quantum causality
m 1. Define causality in terms of classical physics
m 2. ldentify why classical causality comes into conflict with 1
quantum mechanics — W‘M
m 3. Define causality in terms of quantum physics, ocf'f,j;f’f:r{j‘t’;;ffj;;*ge”;if:rt:‘é'”
accounting for the conflict(s) found in previous step

"~ e Get into contact with Dr. Silva and additional Quantum Causality
experts
o Discuss potential avenues we can take in regards to refining
our definitions of quantum causality
m Based on such definitions, create a representation
(conceptual or mathematical model) of quantum causality
o Discuss avenues to take in order to spread awareness of our
conclusions within the field of quantum physics
e Return to our original Grand Challenge of modelling Quantum
Gravity based on our conclusions about quantum causality

In classical causality, cause

must come chronologically
before effect.
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Classical causality views

time as an arrow that only

points forward.

(depicted below)
o According to Special Relativity,
nothing in the universe can move
faster than light.

To put this into perspective, because entangled particles appear to
affect each other simultaneously, quantum particles agpear to move
normally without having to observe the faster than light, and thus violate causality in classical terms.

Gravity, or more specifically, properties or behavior of subatomic

projectile motion in this example,

is a concept in classical physics. partiCIes' . . .
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Meanwhile, person B might observe changes in particle Y, but
will not know whether it was caused by person A interacting
with particle X.

time is separate from what is
observed while Einstein viewed that
time is part of an entity called
"Spacetime," a model of the universe
that unifies space and time.

m Entangled Particles (quantum) vs Theory of Special
Relativity (classical) (Valente 2014)
o Meeting with Dr. Silva

e Allen J-MA, Barrett J, Horsman DC, Lee CM, Spekkens RW.

2017. Quantum common causes and quantum causal models.
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