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Abstract: It is sometimes envisaged that the behaviour of elementary particles can be characterised by the information content it carries, and that
exchange of energy and momentum, or more generally the change of state through interactions, can likewise be characterised in terms of its
information content. But exchange of information occurs only in the context of a (typically noisy) communication channel, which traditionally
requires a transmitter and a receiver; whereas particles evidently are not equipped with such devices. In view of this a new concept in
communication theory is put forward whereby signal processing is carried out in the absence of a transmitter; hence mathematical machineries in
communication theory serves as new powerful tools for describing a wide range of observed phenomena. In the quantum context, this leads to a
tentatived€” and perhaps speculativea€” idea that the dynamical evolution of the state of a quantum particle is such that the particle itself acts asiif it
were a"signal processor”, trying to identify the stable configuration that it should settle, and adjusts its own state accordingly. It will be shown that
the mathematical scheme of such a hypothesis works well for a broad class of noise structures having stationary and independent increments. (The
talk will be based on work carried out in collaboration with L. P. Hughston.)
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The ‘best’ estimate

For a wide range of optimality criteria, we have

and from the
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The ‘best’ estimate

For a wide range of optimality criteria, we have
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and from the Bayes formula we have
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The conditional probability

Conditional on X r we have £ |y

It follows that
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The conditional probability

Conditional on X = x we have &|x-, = ot + By, so
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Innovations and the cause of uncertainty

A calculation, using (d£, 1 = (lt, shows that

Defining

AW, = (e,

one can show, on account of the Lévy criteria, that {1 } s a Brownian motion
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Innovations and the cause of uncertainty

A caleulation, using (€, = dt, shows that
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ne can show, on account of the Lévy criteria, that {W;} is a Brownian motion
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Stochastic Schridinger equation

itonian operator with eigenvalues
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with initial condition |y
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The energy-based stochastic Schridinger equation is the simplest known

dynamic model for state reduction in quantum mechanics consistent with the

Born probability rules and the principle of energy conservation

eduction parameter

werns the

The parameter o, which has the units o Ty
characteristic timescale 7y associated with the collapse of the wave function

The reduction timescale en by T [r* AH, where AH is the initial

value of the squared energy uncertainty.

It has been argued on phenament grounds that o?

hence the char tic timescale is of the

bservations for a number
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The energy-based stochastic Schridinger equation is the simplest known
By |
dynamic model for state reduction in quantum mechanics consistent with the

Born probability rules and the principle of energy conservation

Redun - parametef

The parameter o, which has the units ¢ energy] = [time] '/, governs the

characteristic timescale 7y associated with the coll of the w function

Thae reduction timescale is given by Ty i H, where AH is the initial

value of the squared energy uncertainty.

It has been a | on phenomenclogical grounds that o

hence the ch timescale is of the order

H is the initial energ (Hug n 1006)
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And what about mix states

ales rases interesting

The problem of state reduction in the case of mixed s

fuestions

ne can take the view that the ate” of a quantum system is described by a
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tensity matrix, which should ba subjectec appropriate dynamics

Is there an “energy-based” stochastic dynamics for the density matrix that leads

1o reduction consistently?
The ¢ cal equation for the density matrix g, w YR If

ILH el + ) It+ he((H W = Hy))aw,

Here L, is the so-c Lindblad operator

sfine the (conve ¢ {
lefine the (conventional) “expecte lensity matrix
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And what about mixed states?

The problem of state reduction in the case of mixed states raises interesting
questions.

One can take the view that the “state” of a quantum system is described by a
density matrix, which should be subjected to appropriate dynamics.

Is there an “energy-based” stochastic dynamics for the density matrix that leads
to reduction consistently?

The dynamical equation for the density matrix p, we propose is:
dpe = i[H, pldt + 2oLy pdt + go(m — H)pe+ po(H — H,))dl--i--*’,.
Here L is the so-called Lindblad operator:
L;p = HpH — 3pH? — SH? .
It follows that if we define the (conventional) “expected” density matrix

fro = E[py],

Information Theoretic Foundations for Physics Dorje C. Brody
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then

diy i
T I[H, fu) + b L gy
One can show that the dynamical equation for gy has the lollowing properties
(a) the trace is preserved
(b) positivity is preserved
(c) tha conditional expectation of the energy 1 a conserved quantity; and
(el) that the variance of the energy § to zero on average
Interestingly, a solution can also be obtained in this ¢

The solution can be expressed as follows
Let I be a random variable such that P(}

Here F; denotes projection onto the energy

S 18 the n initial density matrix
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Woa define the information process (£} as before by

£ = aHt+ B

Then the solution for A is given by

[TLER T

ical equation with the prescr
(a), (b), (c), and (d), as claime

ANy

Pirsa: 15050093 Page 16/20




Woe define the information process [£ ] as before by
£ m o Ht + D,

Then the solution for jy is given by
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Is Brownlan motion special?

One useful way of characterising the problem of

tion is to regard
notse as the mediator for tran

smitting the signal or message

o, let X be the unknown signal

ever, is obscured by the presence of noise, say, is given by
n {0y}

amatically, the transmission of the

form of a transformation of the ne

signal

The choice of the signal X then determines the information pr

In this an think of not just o

ns connected to |
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