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ABsTrRAcT ABSTRACT: Horowitz and Maldacena have suggested that the unitarity of the black hole .S-

condition : matrix can be reconciled with Hawking’s semiclassical arguments if a final-state boundary

string theo condition is imposed at the spacelike singularity inside the black hole. 'We point out
that, in this scenario, departures from unitarity can arise due to interactions between the

KEYwoRrD collapsing body and the infalling Hawking radiation inside the event horizon. The amount

Black Hole of information lost when a black hole evaporates depends on the extent to which these
interactions are entangling.
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Ad-hoc modifications of QT's formalism have proven to be
problematic in general...
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This_paper_presents a_general framework for introducing nonlinear corrections into
ordinary quantum mechanics, that can serve as a guide to experiments that would be sensitive

to such corrections. In the class of generalized theories described here, the equations that
determine the time-dependence of the wave function are no longer linear, but are of
Hamiltonian type. Also, wave functions that differ by a constant factor represent the same
physical state and satisfy the same time-dependence equations. As a result, there is no
difficulty in combining separated subsystems. Prescriptions are given for determining the
states in which observables have definite values and for calculating the expectation values of

observabies for- geﬁeral states, but the calculation of pfOblel]tleb Tequires detailed dnaxysm
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Communicated by J.P. Vigier

We show with an example that Weinberg's general framework for introducing non-linear corrections into quantum mechanics

allows for arbitrarily fast communications.

Recently Weinberg has proposed a general frame-
work for introducing non-linear corrections into or-
dinary quantum mechanics [ 1,2]. Although we fully
support his emphasis on the importance of testing
quantum mechanics, we would like in this Letter to
draw attention to the difficulty of modifying quan-
tum mechanics without introducing arbitrarily fast

actions at a distance. Below we show how 10 con-

struct, within Weinberg’s framework, an arbitrarily
fast telephone line. In ordinary quantum mechanics

to know what such an apparatus is... do you know
what is inside your phone?) In order to simplify we
consider only a single-bit message. The two direc-
tions z and u are in the xz-plane orthogonal to the
incoming flow of particles, and are 45° from each
other. The way the inhomogeneous magnetic field
acts on the particles is well-known from experimen-
tal evidence. After the apparatus there are two
counters. For each particle one of the counters will
click. This click will be amplified until all readers of
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The Principles in a nutshell:
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e Composition of systems satisfies "tomographic locality".
e Every two pure states are connected by reversible time evolution

— Assumes less than full QT formalism, respecting
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Why we think this is a good idea

e Probably most conservative way to generalize QT:
just drop assumptions of QT, and don't add new ones.

e Satisfies information preservation ("unitarity"), causality,
preserves subsystem structure, clear operational meaning.

e Mathematically fully rigorous.
Shows what elbow room there is, within one's favorite
physical properties / principles.
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Drawback

Not clear how to combine with the rest of physics
(Hamiltonians etc.)
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Thank you!



