arXiv:hep-th/0612123v1 13 Dec 2006

Parity Violation and Arrow of Time in Generalized Quantum Dynamics

Vadim V. Asadov^{⋆1} and Oleg V. Kechkin^{+ ⋆2}

+Institute of Nuclear Physics, Lomonosov Moscow State University, Vorob’jovy Gory, 119899 Moscow, Russia

⋆Neur OK–III, Scientific park of MSU, Center for Informational Technologies–104, Vorob’jovy Gory, 119899 Moscow, Russia

Abstract It is shown, that parity violation in quantum systems can be a natural result of their dynamical evolution. The corresponding (completely integrable) formalism is based on the use of quantum theory with complex time and non-Hermitian Hamiltonian. It is demonstrated, that starting with total symmetry between left and right states at the initial time, one obtains strictly polarized system at the time infinity. The increasing left-right asymmetry detects a presence of well-defined arrow of time in evolution of the system. We discuss possible application of the general formalism developed to construction of modified irreversible dynamics of massless Dirac fields (in framework of superstring theory, for example).

PACS No(s). : 05.30.-d, 05.70.-a.

The second low of thermodynamics states, that all closed dynamical systems have essentially irreversible evolution. In this connection, one says about ‘arrow of time’, which

1asadov@neurok.ru 2kechkin@depni.sinp.msu.ru

separates initial and final states of the system in absolute manner, and must be guaranteed by any realistic dynamical theory without fail [1]–[5].

Recently we have shown, that quantum theory with complex time parameter (τ), and non-Hermitian Hamiltonian structure (H) provides natural framework for quantum systems with irreversible dynamics [6]. In this generalized quantum theory, the state vector Ψ is analytic function on τ, defined by the conventional Schrödinger’s equation

ih̄Ψ_{,τ} = HΨ. (1)

Here, in the general case, H must be analytic on τ too, but we put H_{,τ} = 0 in any concrete consideration. Then, in [6] also it was argued, that one can perform the parametrization τ = t − i h̄ 2 β, H = E − i h̄ 2 Γ (2)

for the quantities τ and H in terms of the ‘usual’ time t, the inverse absolute temperature β = 1/kT (where k is the Bolzman constant), and also the energy and decay operators E and Γ, respectively. In the theory under consideration, we impose the restriction

[E, Γ] = 0, (3)

i.e., we suppose, that the decay operator Γ must be taken in the form of a symmetry operator of the system. The main statement is that the average value Γ̄ = Ψ^+ΓΨ/Ψ^+Ψ of the decay operator is not increasing quantity for all physically well-motivated temperature regimes β = β(t) [6]. Below we prove this statement for the quantum systems with the operator Γ of the parity type and show, that the corresponding dynamics possesses arrow of time in the transparent form. Thus, we would like to demonstrate, that left-right asymmetry in the quantum systems can be a natural result of their dynamical evolution with arbitrary initial data taken. Moreover, we show how the generalized quantum dynamics under consideration maps completely left-right symmetric initial state to strictly polarized (left) final one for the arbitrary temperature regime β = β(t).

Thus, let us study a system, which consists of two parts – its ‘left’ and ‘right’ constituents – in accordance to specification of the symmetry operator Γ taken. Namely, we define it proportional to some parity operator; this leads to the double eigenstate realization ψ_{±n} for the all energy eigenvalues E_n . The corresponding eigenvalue problem reads:

E ψ_± = E_n ψ_±, Γ ψ_± = ∓γ ψ_±. (4)

We choose the common proper basis {ψ_±} of the energy and decay operators in the orthonormal form (from this it follows, that ψ^+_{± n1} ψ_{± n2} = δ_{n1n2} and ψ^+_{n1} ψ_{− n2} = 0). For definiteness, we name the eigenstates ψ_{+ n} and ψ_{− n} as the ‘left’ and ‘right’ ones, respectively, and take γ > 0. Then, performing standard calculations, one obtains the probabilities P_{±n} to find the system in its left and right eigenstate realizations [6]. The result reads: P_{±n} = w_{±n} Z , (5)

where w_{±n} = e^{±γt} w̃_{±n}, Z = e^{γt}Z̃_+ + e^{−γt}Z̃_−, (6) and also w̃_{±n} = ρ_{±n}e^{−Enβ}, Z̃_± = ∑ n w̃_{±n}, (7)

where ρ_{±n} = |C_{±n}|^2. Our goal is to study evolution of the left and right parts of the system, which we relate to the subsets {P_{+ n}} and {P_{− n}} of the basis probabilities.

It is not difficult to prove, that result of this evolution can be expressed in terms of the effective ‘left and ‘right’ probabilities

p̃_{± n} = w̃_{± n} Z̃ , (8)

which have standard pure β-dependent form in view of Eq. (7). Actually, in the isothermal case (with β = const), one obtains immediately, that

lim_{t→±∞} P_{± n} (t) = p̃_{± n}, lim_{t→±∞} P_{∓ n} (t) = 0. (9)

Thus, in the isothermal evolution, this quantum system transforms from its left realization to the right one. From this it follows, that

lim_{t→±∞}Γ̄ (t) = ±γ, (10)

i.e. that the total shift of average value of the decay operator Γ is equal to 2γ. It is clear, that the same situation takes place for the arbitrary thermodynamic regime, which admits the asymptotic inverse temperatures β_± = lim_{t→±∞} β(t). In this case, one must replace p̃_{± n} by p̃_{± n} (β_±) in Eq. (9).

Now let us consider an intriguing special situation, where the quantum system reaches a total symmetry between its left and right constituents at some finite time t_⋆. Namely, we are interested in the dynamics with P_{+ n}(t_⋆) = P_{− n}(t_⋆) for all values of the collective index n. Putting t_⋆ = 0 (without loss of generality), one obtains the system with ρ_{+ n} = ρ_{− n} ≡ ρ_n, and P_{± n} = p̃_n 1 + e^{∓2γt} , (11)

where p̃_n = w̃_n/Z̃, Z̃ = ∑ n w̃_n, and w̃_n = ρ_ne^{−Enβ}. Thus, in this case one deals with the single effective system related to the set of the β-dependent probabilities p̃_n. For the quantum system under consideration, the average value of the decay operator reads:

Γ̄ = γ tanh γt. (12)

Thus, the quantity Γ̄(t) is a monotonously increasing Lyapunov function for the attractor left state. It detects a dynamical parity breaking effect for the system. This function defines universal arrow of time: its form does not depend on the concrete temperature regime β = β(t), and demonstrates fundamentally irreversible character of the dynamics under consideration.

One important realization of the generalized quantum formalism developed above is related to the theory of massless Dirac field. Namely, the spinor system with the standard (massless) energy operator E = ⃗α ⃗p (where α_k = γ_0γ_k, and ⃗p is the momentum), and the decay operator Γ = γ γ_5 of the parity type (here γ = const), satisfy the restriction (3) and belongs to the theory class considered. Thus, in complete agreement with the general results presented above, the originally mixed left-right massless Dirac quantum system transforms to the strictly polarized asymptotic form in the case of γ ≠ 0. One can choose a sign of this free constant parameter in appropriate way to obtain a ‘visible’ helicity of the final state, and to identify it with the real neutrino system.

Actually, it is a well known fact, that the real neutrinos are ‘left’ (whereas the antineutrinos are ‘right’), and that this circumstance seems intriguing in view of its ‘pure random’ status in the standard particle physics [7]-[8]. We think, that the new approach, which provides the dynamical solution for helicity asymmetry problem, is more natural than the fundamentally asymmetric standard scheme. The new approach relates parity violation in the real neutrino system with arrow of time in its evolution (and with action of the second law of thermodynamics in the Universe after all). Thus, in the framework of generalized quantum theory, this random feature of the real physical world becomes a consequence of its irreversible history from the universal thermodynamical point of view.

We would like to stress, that our modification of the massless spinor system can be used for the supergravity and string theory generalizations to guarantee the presence of arrow of time in these dynamical systems. It seems especially important in cosmological and black hole physics context, where the second law of thermodynamics must be taken into account without any doubt.

Acknowledgements

We would like to thank prof. B.S. Ishkhanov for many important discussions and private talks which were really useful for us during this work preparation. One of the authors (Oleg V. Kechkin) was supported by grant MD 3623. 2006. 2.

References

[1] A. Magnon, Arrow of time and reality: in search of a conciliation, Singapore, Singapore:

World Scientific (1997).

[2] L. Diosi, Lect. Notes Phys. 633 (2004) 125.

[3] M. Castagnino, L. Lara, O. Lombardi, Int. J. Theor. Phys. 42 (2003) 2487.

[4] R.D. Peccei, ‘Matter-Antimatter Asymmetry in the Universe and an Arrow for Time’, preprint hep-ph/0608226.

[5] I. Prigogine, The arrow of time, Published in *Rome/Pescara (1999), The chaotic universe* 1.

[6] V. Asadov, O. Kechkin, ‘Generalized Quantum Dynamics with Arrow of Time’, preprint hep-th/0612122.

[7] A. Linde, Particle physics and inflationary cosmology, Chur, Switzerland: Harwood (1990) Contemporary concepts in physics.

[8] F. Halzen, A. D. Martin, ‘Quarks And Leptons: An Introductory Course In Modern Particle Physics’, Quarks And Leptons: An Introductory Course In Modern Particle Physics.