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THE BIG PICTURE

than we do its future. But we think we know more about where it came
from than where it might be going. Ultimately, even if we don’t realize it,
the source of our confidence is the fact that entropy was lower in the past.
We are very used to unbroken eggs breaking; that’s the natural way of
things. In principle, the set of things that could befall the egg in the future
is precisely the same size as the set of ways it could have arrived in its present
condition, as a consequence of conservation of information. But we use the
Past Hypothesis to rule out most of those possibilities about the past.

past histories future histories
compatible with compatible with
present information present information

[
ctpast ||
|
S |

current state
of the universe
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A 4

Y
v

low-entropy
beginning

Y
v

The Past Hypothesis of a low-entropy beginning breaks the symmetry between the past,
on the left, and future, on the right.

The story of the egg is a paradigm for every kind of “memory” we might
have. It’s not just literal memories in our brain; any records that we may
have of past events, from photographs to history books, work on the same
principle. All of these records, including the state of certain neuronal con-
nections in our brain that we classify as a memory, are features of the cur-
rent state of the universe. The current state, by itself, constrains the past and
future equally. But the current state plus the hypothesis of a low-entropy
past gives us enormous leverage over the actual history of the universe. It’s
that leverage that lets us believe (often correctly) that our memories are reli-

able guides to what actually happened.

Back in chapter 4 we highlighted how Laplace’s conservation of informa-

tion undermines the central role that Aristotle placed on causality.
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MEMORIES AND CAUSES

|
|
Concepts like “cause” appear nowhere in Newton’s equations, nor in our a u S a‘ Ity " -t h e

more modern formulations of the laws of nature. But we can’t deny that the

idea of one event being caused by another is very natural, and seemingly a

| |
good fit to how we experience the world. This apparent mismatch can be I n d e re ‘ ‘ a Of P h yS I C S

traced back to entropy and the arrow of time.
t might seem strange to describe the world as operating according to

unbreakable physical laws, and then turn around and deny causality a cen-
tral role. After all, if the laws of physics predict what will happen at the next
moment from what the situation is now, doesn’t that count as “cause and
effect”? And if we don’t think that every effect has a cause, aren’t we un-
leashing chaos on the world, and saying that basically anything can happen?

The strangeness evaporates once we appreciate the substantial difference
between the kind of relationship of the past to the future that we get from
the laws of physics, and the kind we usually think of as cause and effect. The
laws of physics take the form of rigid patterns: if the ball is at a certain po-
sition and has a certain velocity at a certain time, the laws will tell you what
the position and velocity will be a moment later, and what they were a mo-
ment before.

When we think about cause and effect, by contrast, we single out certain
events as uniquely responsible for events that come afterward, as “making
them happen.” That’s not quite how the laws of physics work; events simply
are arranged in a certain order, with no special responsibility attributed to v TR Cricius of LIPE. MEANING.
one over any of the others. We can’t pick out one moment, or a particular sad tac UNIVERSE [TSELF
aspect of any one moment, and identify it as “the cause.” Different moments
in time in the history of the universe follow each other, according to some
pattern, but no one moment causes any other.

Understanding this feature of how nature works has led some philosophers
to advocate that we eliminate cause and effect entirely. As Bertrand Russell

once memorably put it:

The law of causality, I believe, like much that passes muster
among philosophers, is a relic of a bygone age, surviving, like the
monarchy, only because it is erroneously supposed to do no
harm.
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PAPERS READ BEFORE THE SOCIETY,

1o12-1015. Causality: the
Cinderella of Physics

I—.ON THE NOTION OF CAUSE.

By BERTRAND RUSSELL.

Ix the following paper I wish, first, to maintain that the word
“cause ” is so inextricably bound up with misleading associa-
tions as to make its complete extrusion from the philosophical
vocabulary desirable; secondly, to inquire what principle, if
any, is employed in science in place of the supposed “law
of causality ” which philosophers imagine to be employed;
thirdly, to exhibit certain confusions, especially in regard to
teleology and determinism, which appear to me to be connected
with erroneous notions as to causality.

All philosophers, of every school, imagine that causation
is one of the fundamental axioms or postulates of science, yet,
oddly enough, in advanced sciences such as gravitational
astronomy, the word “cause ” never occurs. Dr. James Ward,
in his Naturalism and Agnosticism, makes this a ground of
complaint against physics: the business of science, he
apparently thinks, should be the discovery of causes, yet
physics never even seeks them. To me it seems that
philosophy ought not to assume such legislative functions,
and that the reason why physics has ceased to look for
causes 1s that, in fact, there are no such things. The law of
causality, I believe, like much that passes muster among
philosophers, is a relic of a bygone age, surviving, like the

monarchy, only because it is erroneously supposed to do no

harm.




The reason why there's a noticeable
distinction between up and down for us
iIsn't because of the nature of space; it's
because we live in the vicinity of an
extremely influential object: the Earth.
Time works the same way. In our
everyday world, time's arrow Is
unmistakable, and you would be forgiven
for thinking that there Is an Intrinsic
difference between past and future. In
reality, both directions of time are created
equal. The reason why there's a
noticeable distinction between past and
future isn't because of the nature of time;
it's because we live in the aftermath of an
extremely influential event: the Big Bang.

The thing we need to add is an
assumption about the initial condition of
the observable universe, namely, that it
was in a very low-entropy state.
Philosopher David Albert has dubbed
this assumption the Past Hypothesis.

What we know is that this initially low
entropy is responsible for the
“thermodynamic” arrow of time, ...

Causality: the
Cinderella of Physics




The Block Universe

BLOCK TIME

All Time Like the Present

According to conventional wisdom, the present moment has special  Researchers who think about such things, however, generally argue
significance. It is all that is real. As the clock ticks, the moment pass- that we cannot single out a present moment as special when every
es and another comes into existence—a process that we call the moment considers itself to be special. Objectively, past, present and
flow of time. The moon, for example, is located at only one position future must be equally real. All of etemnity is laid out in a four-

in its orbit around Earth. Over time it ceases to exist at that position dimensional block composed of time and the three spatial dimensions.
and is instead found at a new paosition. (This diagram shows only two of these spatial dimensions.)

PAST
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Conventional view: Only the present is real Block universe: All times are equally real







Did we forget

Quantum Theory?



2rinciples for
Quantum Theory

1 {Causality |

P?2. Local discriminabillity
P3. Purification

P4, Atomicity of composition
P5. Perfect distinguishabillity
P6. Lossless Compressibility

p(i| 2, %) = p(i| 2, 9") = p(i| Z)

The probabillity of preparations o o
is independent of the choice of p(i, j, k, 1, m,n, p, g|circuit)
observations

no signaling without interaction
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FLASH'—A Superluminal Communicator
Based Upon a New Kind of
Quantum Measurement

Nick Herbert®

SPOOKY
ACTION AT

| The FLASH communicator consists of an apparatus which can distinguish
DlSTANCE - between plane unpolarized (PUP} and circularly unpolarized (CUP) light plus a

simple EPR arrangement. FLASH exploits the peculiar properties of
“measurements of the Third Kind.” One purpose of this article is to focus
attention on the operation of idealized laser gain tubes at the one-photon limit.
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FLASH'—A Superluminal Compaunicator
Based Upon a New Kind of
Quantum Measurement

Nick Herbert®

SPOOKY
ACTION AT

Received Jay , 1982

The 1SH communicator consists of an apparatus which can distinguish
veen plane unpolarized (PUP)} and circularly unpolarized (CUP) light plus a
simple EPR arrangement. FLASH exploits the peculiar properties of
“measurements of the Third Kind.” One purpose of this article is to focus
attention on the operation of idealized laser gain tubes at the one-photon limit.
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Fortuitous coincidence?

PEACEFUL COEXISTENCE l
BETWEEN QUANTUM
MECHANICS AND RELATIVITY

- Time ‘
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A falsification experiment for causality
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Principles for
Quantum Theory

A theory (OPT) is causal iff the marginal
probabllity of any test is independent on the

choice of any test that does not precede it.

/— A P B Cgl C . D —\
causality sets a W — 1} ) &
partial ordering al E

|
between events F "follows” A

B does not follows A



Quantum causality is the same as Einstein’s!

causality sets a
partial ordering
between events

partial ordering=cone

add homogeneity and isotropy 5



Quantum causality is the same of Einstein’s!

causality sets a
partial ordering
between events

add quantumness! = You get Lorentz!
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Special Relativity from Quantum theory

‘ Relativity Principle: Invariance of the dynamical law with the inertial frame

Inertial frame: a reference frame where the Newton inertia law holds for a
mechanically isolated system

Maxm_/ell * Einstein Special Relativity
equations

Poincare group: group of changes of inertial frame that leave the dynamical law
invariant.




Special Relativity from Quantum theory

Relativity Principle: Invariance of the dynamical law with the inertial frame

Inertial frame: a reference frame where energy and momentum are conserved
for a mechanically isolated system.

Poincare group: group of changes of inertial frame that leave the dynamical law
invariant.




Special Relativity from Quantum theory

Relativity Principle: Invariance of the dynamical law with the inertial frame

Inertial frame: Representation of the dynamical law for given values of the
constants of motion for an isolated system.

Inertial representation of the Dynamical law: expressed in terms of the
values of the constants of motion.

Poincare group —> group of inertial symmetries of the dynamics:
group of changes of inertial frame that leave the dynamical law invariant.
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Special Relativity from Quantum theory

Relativity Principle: Invariance of the dynamical law with the inertial frame

Inertial frame: Representation of the physical law in terms of eigenspaces of
the constants of the dynamics k := (w, k)

Inertial representation of the Dynamical law: eigenvalue equation

Ak, w) = ek, w) w — w(k)

Group of inertial symmetries of the dynamics: group of changes of

representations in terms of eigenspaces of the constants of dynamics that leave
the eigenvalue equation invariant.
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A. Bibeau-Delisle, A. Bisio, G. M. D'Ariano, P. Perinotti, A. Tosini, EPL 109 50003 (2015)

Planck-scale effects: Lorentz covariance distortion

Transformations that leave the dispersion relation invariant
a)(i)(k)
3]

wr (k) = £cos (/1 —m?2cosk)

>

Lg ::D_l OLﬁ O D
L : (w,k) = (W, k) = 7(w — Bk, k — fw)
D(w, k) := (sinw/cosk,tank) ~:= (1 — 52)—1/2




Special Relativity from Quantum theory

m=0: Weyl Quantum Walk

Group of inertial symmetries of the dynamics: nonlinear Lorentz (Poincareé).

Usual Lorentz recovered for k<7

'r)l - .d;[‘ ('2 I’
0.2 0.4

A. Bisio, G. M. D’Ariano, P. Perinotti, PRA 94 042120 (2016)




Special Relativity from Quantum theory

m=0: Weyl Quantum Walk

Group of inertial symmetries of the dynamics: nonlinear Lorentz (Poincareé).

Usual Lorentz recovered for k<7

0.4
0.2 |
k, 0.0

-0.2

-0.4

0.4

FIG. 2: The distortion effects of the Lorentz group for the discrete Planck-scale theory represented by the quantum walk in
Eq. (6). Left figure: the orbit of the wavevectors k = (k5,0,0), with k, € {.05,.2,.5,1,1.7} under the rotation around the z

axis. Right figure: the orbit of wavevectors with |k| = 0.01 for various directions in the (k., k) plane under the boosts with 3
parallel to k and |3| € [0, tanh 4].

A. Bisio, G. M. D’Ariano, P. Perinotti, PRA 94 042120 (2016)



Special Relativity from Quantum theory

m>Q: Dirac Quantum Walk Classically
Group of inertial symmetries of the rest-mass 771 and proper time T
dynamics: nonlinear De-Sitter canonically conjugated variables

The rest mass m becomes a variable H(Go,Pa,Tsm) = Pafa + *mi — L

Quantum
Linear De Sitter recovered for k< 1 m, T  Fourier-conjugated
+1

Linear Lorentz recovered for k,m« 1 !
m € S~ (from unitarity) @

0

A. Bisio, G. M. D’Ariano, P. Perinotti, PRA 94 042120 (2016)
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A. Bisio, G. M. D’Ariano, P. Perinotti, PRA 94 042120 (2016)

Particle notion without mechanics

Particle: irrep. of the group of symmetries of the dynamics.
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The Brillouin zone separates into four Poincaré-invariant regions diffeomorphic to balls,
corresponding to four different particles.

Fermion doubling: Additional symmetries from topology of interactions
give rise to new particles.
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This is more or less what | wanted to say

Thank you for your attention!

Follow project on Researchgate: The algorithmic paradigm:
deriving the whole physics from information-theoretical principles.

G. M. D’Ariano, Physics without Physics, Int. J. Theor. Phys. 128 56 (2017),
[in memoriam of D. Finkelstein]
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