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XI. Issues and Summary

A summary of key unresolved issues follows:

[) Can the intrinsic nonlocality of quantum mechanics be used for observer-
(0-observer communication?

2) If nonlocal communication is possible, can it be used to send messages
luster than the speed of light (i.e., across spacelike intervals)?

3) If nonlocal communication is possible, can it be used to send messages
hackward in time (i.e., across negative timelike intervals)?

4) If nonlocal back-in-time communication is possible, how can the para-
dloxes that result from this capability be resolved?

5) Is quantum mechanics perfectly linear, or are there small nonlinearities,
perhaps consequences of quantum gravity, that could be exploited for faster-
(han-light or backward-in-time communication?
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It is argued that immense physical resources - for nonlocal communication, espionage, and exponentially-fast computation -
are hidden from us by quantum noise, and that this noise is not fundamental but merely a property of an equilibrium state in
which the universe happens to be at the present time. It is suggested that 'non-quantum’ or nonequilibrium matter might exist
today in the form of relic particles from the early universe. We describe how such matter could be detected and put to practical
use. Nonequilibrium matter could be used to send instantaneous signals, to violate the uncertainty principle, to distinguish
non-orthogonal quantum states without disturbing them, to eavesdrop on quantum key distribution, and to outpace quantum
computation (solving NP-complete problems in polynomial time).
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Back From the Future

A series of quantum experiments shows that measurements performed in the future can influence the
present. Does that mean the universe has a destiny—and the laws of physics pull us inexorably
toward our prewritten fate?

By Zeeya Merali | Thursday, August 26, 2010

Challenging the no-signal theorems from Stapp to Kent. See David Kaiser's book How the Hippies Saved Physics for
the history.
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wre: 1) what is the causal connection between states acting in such phenomena,
and 2) can it possibly be used for sending state-to-state signals? The chapter
kes a close look at quantum entanglement, quantum nonlocality, the exper-
iments to explore them, and proposed experiments to test the causal and faster-
than-light (FTL) communication issues evoked by such physics.

Thfe question that will be investigated here is whether quantum nonlo¢
the private domain of nature, or whether it can be used in experimental Sit
to send signals from one observer to another. As we will see, there is prese
compellipg answer to this question. However, it is clear that if such no
communication were possible, it would have far reaching implications. In

ticulgr, it would represent an enabling technology for superluminal and re
sal signaling and communications. .

It was later demonstrated [6,7] that the 1ssues surrounding a violauon or e
Iiell inequalities could be separated into violations of either parameter indepen-
Jence (i.e., the outcome probability of a measurement on one of a pair of
ntungled particles is independent of the choice of parameters of a measurement
performed on the other member of the entangled pair) and violations of outcome
independence (i.e., the outcome probability of a measurement on one of a pair of
sntangled particles is independent of the outcome of a measurement performed
it the other member of the entangled pair). The observation of a violation of
(e Bell inequalities indicates a violation of either parameter independence or
uutcome independence (or both). Outcome independence is fairly evident in
e quantum formalism, while parameter independence is more elusive aqd
depends on specific assumptions. We will consider the implications of this
dichotomy in the context of the “no-signal” theorems.
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III. Quantum No-Signal Theorems

As Einstein asserted with his well-known “spooky actions at a dis
comment, the enforcement of quantum correlations across space-like and
tive time-like intervals by nonlocality is very counterintuitive. It appe
imply the twin possibilities of superluminal communication between obse
and of reverse causation through back-in-time communication bet



pvern. However, over the years, a number of authors [11] have presented
Wil it such nonlocal observer-to-observer communication is impossible
W the formalism of standard quantum mechanics. These theorems assert
A weparated measurements involving entangled quantum systems, the
s correlations will be preserved but there will be no effect apparent to
alerver in one sub-system if the character of the measurement is changed
e other sub-system. Thus, it is asserted, nonlocal signaling is impossible.
As mentioned above, EPR experiments can be viewed [5,6] as demonstrating
[stions  of outcome independence or parameter independence or both.
iome independence cannot be used for nonlocal signaling, while parameter
Jopendence could be used for such signaling. Thus, any test of nonlocal signal-
I, I effect, a test of the parameter independence of quantum phenomena and
o signal theorems are “proofs” of parameter independence.
10 these no-signal “proofs” really have the status of mathematical theorems?
liups not. Recently it has been pointed out [12] that at least some of these
ool ruling out nonlocal signaling are tautological, assuming that the
wsurement process and its associated Hamiltonian are local, thereby building
finul conclusion of no signaling into their starting assumptions. Standard
sntum  mechanical Bose—Einstein symmetrization has been raised as a
wnter-example, shown to be inconsistent with the initial assumptions of
e of these “proofs.” Therefore, at least from some perspectives, the possi-
ity of nonlocal communication in the context of standard quantum mechanics
Jinains open and appropriate for experimental testing.

To putitanother way, the nonlocal connections of entungled photo
segme{lted, light-like world lines that transform properly umlir I
formations. Therefore, there is no conflict between nonlocul sl
Lorentz invariance of special relativity. On the other hand, the prir
ahty.(l.e., cause must precede effect in all reference frames) uppenrs v
be violated (or at least violate-able) if nonlocal signaling is possible.
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VII. Nonloc_al Communication vs Signaling

As we :
unreqolvegz;::ul;mll:liidpou; abol\{le(, :he possibility of nonloc
, - 1t1s perhaps likely that the

nature’ : coherence /e
mat;z Slr‘:"‘[‘l{i:f P:_cvenung nonlocal signaling, but ll/1

i 3 section, we will assume th ’
will examine its implicat: ssume than nonlocal
amine its implications. As will be seen they are so far-reach
A 3 - o ‘

they could be take i

n as a syllogism that nat
P o Z > ure WO g Q1T
lherc;tore nonlocal signaling must be impossible uld not allow such thi

| & PPN -~ L ___

al communicntl
ntanglement try
at has not been

signaling is possl

VIIL.  Superluminal and Retrocausal Nonlocal Communiention
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IX. Paradoxes and Nonlocal Communication

[he sctup described above, with its retrocausal communication link, raises
Wine time-communication paradoxes. First, let us consider the issue of
“hilking.” Suppose that we construct one million linked systems of the type
siown in Fig. 8. Then the transmitted message would be received 40 sec
hwlore it was sent. Now suppose that a tricky observer receives a message
{yom himself 40 sec in the future, and then decides not 1o send it. This produces
i inconsistent timelike loop, which has come to be known as a “bilking
purndox.” Could this happen? If not, what would prevent it?

There are discussions of such bilking paradoxes in the physics literature by
Wheeler and Feynman [17] who were considering the retrocausal aspects ol the
wdvanced waves of absorber theory, and by Thorne and colleagues [18]
who were considering the paradoxes that might arise from timelike wormholes.
[he general consensus of this work is that nature will forbid it and require a con-
Jistent set of conditions. Thorne and co-workers showed that “nearby™ to any
{nconsistent paradoxical situation involving timelike wormholes there is always
1 self-consistent situation that does not involve a paradox. As Sherlock Holmes
\id. “When the impossible is eliminated, whatever remains, however improbable,
must be the truth.” These speculations asseit that equipment failure producing a
consistent sequence of events is more likely than producing an inconsistency

hetween the send and receive events. The implications of this are that bilking
- . L L1e ~eimmtn annld ha nradnced in avoidine it.
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The Landau-Ginzburg equation for spontaneous symmetry breaking to emergent Glauber coherent ground states is an
example of nonlinear quantum mechanics.
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there could also be another path to no

The no-signal theorems described in Section III are based on the |
of standard quantum mechanics. Such “proofs™ become invalid if ]
mechanics is allowed to be slightly “nonlinear,” a technical lerm
that when quantum waves are superimposed they may generate g sl
term not present in the standard formalism. Steven Weinberg, Nobel |
for his theoretical work in unifying the clectromagnetic and weak inter
i introduces small nonlinear corrections (o i
quantum mechanics [19]. The onset of nonlinear behavior is seen |1
areas of physics (e.g., laser light in certain media) and, he suggested,
also be present but unnoticed in quantum mechanics itself. Weiy
nonlinear quantum mechanics subtly alters certain properties of the st

theory, producing new physical effects that can be detected through oo
measurements,

Two years after Weinberg's nonlinear quantum mech

anics theory wiy
lished, Joseph Polchinski published a paper demonstrating that Weinberg 'y 1y

linear corrections upset the balance in quantum mechanics that pre

ible. Polchinski describes such an arrangement as an “EPR telephone,”
The work by both Weinberg and Polchinski had implications that
devastating for the Copenhagen representation of the wave function as “obye
knowledge.” Polchinski has shown that a tiny nonlinear modification
forms the “hidden” nonlocality of the standard quantum mechanics formalj
into a manifest property that can be used for nonlocal observer-to-obso,i
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ool ospace™ wave equation reduces to the Klem : Gorl : l((m wave oqerators e
Hion, some theoretical physicists have studied Dirac-like wave op
sl pice to handle spin.
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correlations between parts of o system can be established independent
separation of the parts in time and space.
Retro-Causal: Situations in theory or in the real world i which
precedes the cause, in violation of the principle of causality,
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