Title: Mechanics and Thermodynamics can be fundamentally united by density operators with an ontic status obeying a locally maximum entropy

production dynamics. But at what price?
Date: Oct 01, 2009 09:30 AM
URL: http://pirsa.org/09100088

Abstract: Perhaps the earliest explicit ansatz of a truly ontic status for the density operator has been proposed in [G.N. Hatsopoulos and E.P.
Gyftopoulos, Found. Phys., Vol.6, 15, 127, 439, 561 (1976)]. Their self-consistent, unified quantum theory of Mechanics and Thermodynamics
hinges on: (1) modifyng the &lsquo;state postulate&rsquo; so that the full set of ontic individual states of a (strictly isolated and uncorrelated)
guantum system is one-to-one with the full set of density operators (pure and mixed); and (2) complementing the remaining usual postulates of
guantum theory with an &Isgquo;additional postulate& rsquo; which effectively seeks to incorporate the Second Law into the fundamental level of
description. In contrast with the epistemic framework, where the linearity of the dynamical law is a requirement, the assumed ontic status of the
density operator emancipates its dynamical law from the restrictive requirement of linearity. Indeed, when the & Isquo;additional postulate& rsquo; is
replaced by the dynamical ansatz of a (locally) steepest entropy ascent, nonlinear evolution equation for the density operator proposed in [G.P.
Beretta, Sc.D. thesis, M.I.T., 1981, e-print quant-ph/0509116; and follow-up papers|, the (Hatsopoulos-Keenan statement of the) Second Law
emerges as a genera theorem of the dynamics (about the Lyapunov stability of the equilibrium states). As a result, the ontic status is acquired not
only by the density operator, but also by the entropy (which emerges as a microscopic property of matter, at the same level as energy), and by
irreversibility (which emerges as a microscopic dynamical effect). This & ldquo;adventurous scheme ... may end arguments about the arrow of time
-- but only if it works&rdquo; [J. Maddox, Nature, Vol.316, 11 (1985)]. Indeed, the scheme resolves both the Loschmidt paradox and the
Schroedinger-Park paradox about the concept of &Isquo;individual quantum state&rsquo;. However, nonlinearity imposes a high price: the
maximum entropy production (MEP) dynamical law does not have a universal structure like that of the Liouville-von Neumann equation obeyed by
the density operator within the epistemic (statistical mechanics) view. Instead, much in the same way as the implications of the Second Law depend
on the assumed model of a given physical redlity, the MEP dynamical law for a composite system is model dependent: its structure depends on
which constituent particles or subsystems are assumed as elementary and separable, i.e., incapable of no-signaling violations. See
www.quantumthermodynamics.org for references.
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“Tomography™ of a preparation (or ensemble) at time 7
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Statistical mixing of preparations (or ensembles) and the
notion of homogeneous preparation

Preparation

gque decomposition Into homogensons




The notion of quantum state is incompatible with QSM
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G.P. Beretta, Perimeter Institute. Sept. 27-Oct. 2. 2009
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Isolated and uncorrelated 2-level particle
Hamiltonian. /i h
ri(r) Bloch sphere.
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The von Neumann representation of het2rogeneous
preparations via density operators is incompatible
with the notion of individual state




Conditions for a mathematical representation
compatible with the notion of individual state
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Heterogeneous preparations in QSM should instead be
represented by probability density distributions over the
manifold of possible ontic QM states.
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To unite Mechanics and Thermodvnamies it is sufficient
to assume the existence of more ontic states than in QM

T'he density matnix p. even i non-pure. represents a real
ontological object. the actual state of the world (svstem. single
particle. even if unentangied)

O 18 not understood as needed to represent an epistemic
ignorance of which particular pure state the world 1s “reallv’ m
[ he ‘real state 1s p

The ontic status attributed to the densitv matrix also legitimates
treatmg the entropv —k; Tr p Inp as an ontic physical quantity.
like enerov or mass

—Kg Irp 1s not understood as measurmg how broad 1s an
kg Tr p Inp 1s not understood a: isuring how broad 1s a
epistemic probability distribution.
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Isolated and uncorrelated 2-level particle
Hamuiltonian. 77 h Ontic states also
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Isolated and uncorrelated 2-level particle
Hamuiltonian. 77 h Ontic states also

- K1) inside the Bloch
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Int J Theor Phys . 24_ 112 (1985)

GP. Beretta
References available at- www.gquantumthermodynamics.org




Isolated two-level svstem, Quantum Thermodvnamics

Hamiltonian. i h Inside
(1) the Bloch sphere.
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Entropy.

Int I Theor Phys:, 24. 119 (1985)




Isolated and uncorrelated 2-level particle
Hamiltonian. 77 h Ontic states also
- TF(F) inside the Bloch
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Isolated and uncorrelated 2-level particle

Hamiltonian. /i h On the surface of
- Tit) the Bloch sphere.
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Int I Theor Phys: . 24 119 (1985) _
G.P. Beretta,




Ontic interpretation of the eigenvalues of p

[solated and uncorrelated N-level particle

Enecrov levels 2.\ (cigenvalues of H)
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Ontic interpretation of the eigenvalues of p

[solated and uncorrelated N-level particle

evels ¢ =12

(crgemvalues of H)

energy (assuming pH = Hp)

aloes p of the densitv operator p

usually mterpreted as "probabilities”

can be physically thought as measuring the degree of

mvolvement of level ¢ in sharmng the enerev load

G.P. Beretta, Perimeter Institute. Sept 27-Oct. 2. 2009
References available at- www.quantumthermodynamics.org
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[solated and uncorrelated N-level particle
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The eigenvalues p of the densitv operator p
usually mterpreted as "probabilities”
can be physically thought as measuring the degree of

lvementof level ¢ in sharmmg the energv load

G.P. Beretta, Penmeter Institnte. Sept. 27-Oct. 2, 2009

References available at- www.gquantumthermodynamics.org




Ontic interpretation of the eigenvalues of p

[solated and uncorrelated N-level particle
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The eigenvalues p  of the densitv operator p
usually mterpreted as "probabilities”
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Perimeter Institute. Sept. 27-Oct. 2. 2009
References available at- www.quantumthermodynamics.org




Ontic interpretation of the eigenvalues of p

[solated and uncorrelated N-level particle
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The ecigenvalues p of the densitv operator p

usually mterpreted as "probabilities”

can be physically thought as measuring the degree of

mvolvementof level ¢ in sharing the energv load

entropv measures the

Example, N=7, different
distnbutions with same E and S

Perimeter Institute. Sept. 27-Oct. 2. 2009
References available at- www.gquantumthermodynamics.org




Giving an "ontic"” status to entropy and the Second Law
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Unitary dvnamics cannot decribe relaxation to
equilibrium, nor extraction of the adiabatic availability
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Perimeter Institute. Sept. 27-Oct. 2, 2009
References available at- www.quantumthermodynamics.org




Giving an "ontic” status to entropy and the Second Law
cigenvalues of p (for simphicity. assume pH = Hp)
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No need for linearity of the dvnamical law
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Perimeter Institute. Sept. 27-Oct. 2. 2009
References available at- www.gquantumthermodynamics.org




Giving an "ontic"” status to irreversibility

storage that are acecssible to the particle
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Giving an "ontic"” status to irreversibility

Penmeter Institnte. Sept. 27-Oct. 2, 2009

References available at- www.quantumthermodynamics.org
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Giving an "ontic"” status to irreversibility

Penmeter Institute. Sept. 27-Oct. 2, 2009

References available at- www.gquantumthermodynamics.org
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Perimeter Institute. Sept 27-Oct. 2. 2009
References available at- www.quantumthermodynamics.org
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Hamiltonian dvnamies:
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Perimeter Institute, Sept.27-Oct. 2. 2009
References available at- www.gquantumthermodynamics.org
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Steepest-entropv-ascent:
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Steepest-entropv-ascent:
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References available at- www.guantumthermodynamics.org




Steepest-entropy-ascent:
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Existence and uniqueness of solutions p(t) for any p(0))

‘vood behavior™ as a dvnamical equa-

Nuovo Cimento B, 82, 169 (1984); 87, 77 (1985)
G.P. Beretta. Perimeter Institute. Sept 27-Oct. 2. 2009

References available at- www.quantumthermodynamics.org
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Equilibrium states for a 4-level isolated particle
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Relaxation to equilibrium for a 4-level isolated particle
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Relaxation to equilibrium for a 4-level isolated particle
The trajectorv passes
verv close to an
unstable equilibrium state
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Relaxation to equilibrium for a 4-level isolated particle
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No free lunch!
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Conclusions




Steepest entropy ascent:
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Uniting mechanics and statistics

An adventurous scheme which seé¢'Ks [0 tncorporate thermodvnRdmics (nfo the guantuwm (aws of motion
may end arguments abow! the arrow of twme — but ondy if it works.

S

g
, Umiting mechanics and statistics
¥ None of this implies that the arguments
about the reconcihation between micro-
scopic reversibility and macroscopic ir
reversibiity will now be stilled. Indeed.
while for as long as the present justifica-
non of the basis of statistical mechamics
holds water, there will be manvy who say
that what Beretta er al. have done 1s strnict-
Iv unnecessary. But thas i1s a field in which
the proof of the pudding 1s in the cating.
John Maddox




Measurable effects?
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