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In pre-relativistic physics, time was lost by being “spatialised” as (merely) a fourth
dimension.

In General Relativity, physical time is proper time and elapses locally along
worldlines. GR undoes the spatialisation of time because temporal order is a
partial order not a linear order.

There is no global Now in GR & the physical world is a spacetime. This has
suggested a “block universe” view to many physicists and philosophers.
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The Physical world as a block
—End of universe

A la recherche du temps perdu

To do justice to the temporal
nature of our perception whilst
maintaining the spacetime nature
of the physical world in General
Relativity, a “growing block”
seems to be called for (Broad):

This requires a physical
process of “becoming”
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Unveiling
IS a
synchronised
becoming

M

The process of becoming cannot be such an unveiling of the block because that
would introduce a physical, global time. Is it possible to realise becoming within
physics without a global time, what R. Sorkin calls “asynchonous becoming™?

This goal can act as a heuristic in the quest to create new physics: quantum gravity.
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Causal sets: the marriage of causal order and atomicity

It is widely expected that spacetime will not be well-described by a
differentiable Lorentzian manifold close to the Planck scale. Spacetime
atomicity is perhaps the simplest way to realise this expectation.

Causal set theory is an approach to quantum gravity based on the hypothesis

that spacetime is fundamentally discrete or atomic and takes the form of a
transitive, directed, acyclic graph or “discrete order” or *“causet”

The elements are the atoms of spacetime. At
\ macroscopic scales, the order relation gives

rise to the spacetime causal order and the

number of elements gives the 4-d spacetime
volume.
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Dynamical emergence of GR

® |Let us assume “kinematical emergence” of continuum spacetime from
causal sets: a causal set can contain all the geometrical information of a
Lorentzian spacetime on scales larger than the discreteness scale.

® To claim that GR emerges from quantum gravity, such causal sets,
approximate-able by solutions of the Einstein equations, must arise
dynamically in the fundamental theory.

e Causal sets are inimical to a Hamiltonian approach so we take the Path
Integral as the basis for a Quantum Causal Set Dynamics.

® Attitude: Path Integral Quantum Theory is a species of generalised
stochastic process. Quantum Mechanics is a generalisation of Brownian
motion.

® Therefore, as a warm up for quantum causal set theory, we try to
construct classical stochastic models for causal sets. Here, the notion of
Becoming played a heuristic role in the discovery of an interesting
class of models: Classical Sequential Growth
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Classical sequential growth models (Rideout&sorkin)

A random process of continual births of new spacetime atoms

2 6

The same causal set (with different labels) can be grown in other ways.
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Asynchronous becoming

* The physical order in which spacetime atoms are born is their order in the
resulting causal set, a partial order: there’s no global time.
* The “present” is NOt any particular collection of spacetime atoms, the

present is the birth process itself

* There is no “god’s eye view” of the physical world: the birth process is
objective but the “world that exists now” is subjective and is the causet to
the past of a particular spacetime atom being born.

“[The model] provides an objective correlate of our subjective
perception of “time passing” in the unceasing cascade of birth-
events” Sorkin

This aspect of time — that we experience it passing — seems not to be
captured in GR in the Block Universe picture. So, if the birth of space-time
atoms survives as a process in full quantum gravity, the passage of time will
not be “emergent” but fundamental.
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The Parable of the Sceptical Newtonian!

|7th Century Scientist: There is a physical force of weight on you -- look at
celestial mechanics, etc. The Newtonian theory perfectly accounts for all that data
|7th Century Sceptic: But | don't experience this gravitational force of weight
whereas | do experience other forces of comparable magnitude.

Scientist : The force of weight exists. So your lack of experience of lack of force
must be due to neurology, psychology, the way the mind and body work to produce
experience.

Sceptic: Maybe. But maybe this is telling us to look for a theory in which there is no
force of weight.

Note |: The lack of experience of a force of weight did not contradict Newtonian
gravity, it was not even a fact within it. The |7th Century Scientist held an
unassailable position!

Note Il: The lack of experience of a force of weight is evidence from a regime far
from that in which full GR is required (strong gravity).
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“Nothing happens until emission”
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D An absorber, even very far away and
operating much later, takes an integral part
in the process by merely non-absorbing!

WRONG!
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Decay and the uncertainty principle

« decaying state is a system with uncertainty of lifetime (i.e. mean life
7) that is bound to the uncertainty of total energy given by:

h
AEAt = —
2
* uncertainty in energy of an excited state is reflected in the line
shape of the radiation emitted in decay to the ground state.

B probability of measuring energy E given by Lorentzian distribution:

1
P(E) = E, is the central energy

(E — Eo)2 + F2/4 ris full width in half height (FWHM)

h

r
* because Iis FWHM then 5= AE andthus I'=hw = =
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Conclusion
In every emission which 1s subject to the
time/energy uncertainty, the source 1s constantly
being measured, with observable consequences,
even though no particle seems be emitted.
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The Quantum Liar Paradox version 2

@l

1. Prepare 1 excited & 1 ground atom

More precisely, the state in Version 2, stage 2 is
,0<< 1,

where ¢
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The Quantum Liar Paradox version 2

d N
< g @) )
(.]. I' 2. Close the left cavity after time 7

and the right after time 7 + d/c. You get:

1. Prepare 1 excited & 1 ground atom EU A A, %)+ 4, %) A2>)
. . . . |
More precisely, the state in Version 2, stage 2 is I+l AN A, N +J1—¢g| A *)| A, +\/§ AV A,
where ¢, § << 1. \/24.5[ ’ '> 2 > | ! ) ..> ‘ 1> ~>]
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The Quantum Liar Paradox version 2

d N\
‘ g @) 19
(.]. I' 2. Close the left cavity after time 7

and the right after time 7 + d/c. You get:
A, %) +|4,%)| 4,))

1
1. Prepare 1 excited & 1 ground atom EU A1>

@l &)

3. Measure for excited/ground.
Whence the entanglement?

A, )T 2| 49| 4,)+ 3| 4)

Az)]

More precisely, the state in Version 2, stage 2 is ] [, 1+ ¢ ’ A1>
where g, § << 1. v2+0
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A.C. Elitzur (1992) Locality and indeterminism preserve the second law, Physics Letters A 167, 335.
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Time: The Naive View
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Time: The Relativistic View
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Time: The Relativistic View
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The Pole and the Barn Paradox
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The Pole and the Barn Paradox

B o
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The Lorentz-Fitzgerald Contraction:
A Straightforward Consequence of the “Coexistence” of Past and Future States
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“Time and space are essential forms of any thought
and of any PowerPoint slide.”
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The Significance of Non-Particles

* The overwhelming majority of physical interactions in the
universe are of the IFM kind, both spatial and temporal

* Hence there 1s much more entanglement between faraway
parts of the universe, mediated by non-photons and other
non-particles

* Which has many bearings worth considering on
thermodynamics, Mach’s principle, etc.
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Naive Becoming
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Let’s Go Quantum:

Quantum interaction takes place beyond the “Now,”
hence outside of spacetime.

“Collapse” gives rise not only to the particle in its
location, but to all the points in empty space
where it could have been.
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Becoming at the
quantum level
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[f wishes were horses, beggars would ride
[f turnips were watches, I'd wear one by my side.
[f "if's" and "and's" were pots and pans,

There'd be no work for tinkers' hands.

Comment on the uniqueness of quantum mechanics

Comment on the uniqueness of

Page 34/35



Pirsa: 16060118 Page 35/35



