arXiv:1210.8357v2 [physics.gen-ph] 9 Nov 2012

Dirac Sea and Observation Proposal

Jianguo Bian^{1∗} and Jiahui Wang^2 1 Institute of High Energy Physics, Beijing 100049, China 2 China Agricultural University, Beijing 100083, China (Dated: November 12, 2012)

Abstract

Assuming the Dirac sea is a physical reality, we have one imagination that a negative energy particle(s) in the sea and a usual positive energy particle(s) will form a neutral atom. The feature of the atom can be studied using the Schrödinger equation, especially for two body system. In this work, new physics meanings are given to the solution to the two body equation. It is noted it is hard to distinguish an atom consisting of a negative energy particle and a positive energy particle from a neutrino, but an atom X consisting of two negative energy particles and a nucleus with double charges can be observed in CLEOc, BESIII, Belle and BaBar for Charmonium or Bottomonium decays [cc] or [bb] → Xπ^−π^−e^+e^+ + hc with X invisible.

PACS numbers: 14.60.St, 31.15.A-, 95.35.+d

∗Electronic address: Jianguo.Bian@cern.ch

The Dirac sea^{[1]} is a theoretical model of the vacuum as an infinite sea of particles with negative energy. It was first postulated by the British physicist Paul Dirac in 1930 to explain the anomalous negative-energy quantum states predicted by the Dirac equation, an extension of the Schrödinger equation^{[2]} for relativistic electrons. The positron, the antimatter counterpart of the electron, was originally conceived of as a hole in the Dirac sea, well before its experimental discovery in 1932. Despite its success, the idea of the Dirac sea tends not to strike people as very elegant. The development of quantum of filed in the 1930s reformulate the Dirac equation in a way that treats the positron as a real particles rather than the absence of a particle and make the vacuum the state in which no particles exist instead of an infinite sea of particles. However, in this work, we assume Dirac’s idea that there are particles with negative energy in the vacuum is completely correct, no matter they are particles or antiparticles and use the Schrödinger equation to investigate a possibility that a usual positive energy particle(s) and a negative energy particle(s) in the Dirac sea will form a neutral atom through electric-magnetic interaction.

The simplest scenario is a two body system. The positive energy particle n has the energy-momentum relation as

E_n = √ m^2_n + p^2_n = m_n + p^2_n 2m_n + ..., while the negative energy particle e in the sea has the energy-momentum relation as

E_e = − √ m^2_e + p^2_e = −m_e − p^2_e 2m_e + ... Though we don’t know what meaning the negative energy is, we can assume the existence of negative energy particles is a physical reality. Time-independent Schrödinger equation to describe the two non-relativistic particles system is

Eψ(r_n, r_e) = − ℏ^2 2m_n ∇^2_nψ(r_n, r_e) + ℏ^2 2m_e ∇^2_eψ(r_n, r_e) + V (r_n, r_e)ψ(r_n, r_e),

V (r_n, r_e) = − Ze^2 | r_n − r_e | . We can convert this two-body problem to an effective one-body problem by transforming from the laboratory system to the center of mass system

(r_n, r_e) ⇒ (R, r), where r = r_n − r_e, MR = m_nr_n − m_er_e, M = m_n − m_e. In this system, the wave function is separable ψ(r_n, r_e) = ψ(R)ψ(r). We are only interested in ψ(r). ψ(r) satisfys the wave function Eψ(r) = ℏ^2 2m ∇^2ψ(r) + V (r)ψ(r),

where the reduced mass m_r = −m_nm_e/(m_n − m_e), m = −m_r

In spherical polar coordinates ψ(r) = R(r)Θ(θ)Φ(ϕ)). In this work, only radial wave function R(r) is worth discussing. 1 r^2 d dr ( r^2 dR dr ) − [2m ℏ^2 ( E + Ze^2 r ) + l(l + 1)

r^2 ] R. (1) Let R(r) = u(r)r , one has

d^2u dr^2 − [2m ℏ^2 ( E + Ze^2 r ) + l(l + 1) r^2 ] u. (2) For a bound state, E < 0. We have

d^2u dr^2 + [2m ℏ^2 ( | E | − Ze^2 r ) − l(l + 1) r^2 ] u. (3) If we transform −Ze^2r ⇒ Ze^2r , this equation is of the same form with the scattering equation with m_r = m_nm_e/(m_n + m_e) and E > 0 for one positive energy particle scattered by the coulomb field of another positive energy particle

Let α = (8m | E | ℏ^2 )1 2 , β = Ze^2 ℏ ( m 2 | E | )1 2 with | E |> 0, ρ = αr, one has

d^2u dρ^2 + [1 4 − β ρ − l(l + 1) ρ^2 ] u = 0. One can’t solve this straight away, but for very large ρ, the third and fourth terms are forced to zero because they go reciprocal with ρ. That leaves one with an asymptotic equation:

d^2u_∞ dρ^2 + 1 4 u_∞ = 0.

The solution is u_∞(ρ) = e ±i ρ 2 . Let u_1(ρ) = e i( ρ 2 + ϕ_1)

f_1(ρ), u_2(ρ) = e −i( ρ 2 + ϕ_2) f_2(ρ), one has f^{′′}_1 (ρ) + if^′_1(ρ) + [ − β ρ − l(l + 1) ρ^2 ] f_1(ρ) = 0, (4) f^{′′}_2 (ρ) − if^′_2(ρ) + [ − β ρ − l(l + 1)

ρ^2 ] f_2(ρ) = 0 (5) and u(ρ) = au_1(ρ) + bu_2(ρ). (6) Let f_1(ρ) = ∞∑ n=0 a_nρ^{n+s} (7)

and substitute it to (4), one has the relation

a_{n+1} = β − i(n + s) (n + 1 + s)(n + s) − l(l + 1) a_n. Due to a_0 ≠ 0, one has s(s − 1) = l(l + 1).

The solution is s = −l, s = l + 1. If one take s = −l = 0, a_1 → ∞. If one take s = −l < 0, the wave function R(ρ) → ∞ when ρ → 0. One should give up s = −l and only reserves s = l + 1. When n → ∞, one has a_{n+1} a_n → −i n . Note that the series e−iρ = 1 + −iρ 1! + (−iρ)^2 2! + ... + (−iρ)^n n! + ... (8) The series (7) with s = 0 has the same behavior with the series (8) when ρ → ∞.

If l > 0, s = l + 1 > 1, R(ρ) → ∞ when ρ → ∞. One should only take l = 0. One can calculate f_2(ρ) in the same way. Let

f_2(ρ) = ∞∑ n=0 b_nρ^{n+s}, (9)

b_{n+1} = β + i(n + s) (n + 1 + s)(n + s) − l(l + 1) b_n. f_2(ρ) is a complex conjugate of f_1(ρ).

We have two independent real solutions. Let fr(ρ) and fi(ρ) stand for the real and imaginary parts of f_1(ρ) respectively. The first solution is

R_1(ρ) = Re [ e i( ρ 2 + ϕ_1) f_1(ρ)/ρ ] = cos(ρ + ϕ_1)fr(ρ)/ρ − sin(ρ + ϕ_1)fi(ρ)/ρ. (10)

The second solution is

R_2(ρ) = Im [ e^− i( ρ 2 + ϕ_2) f_2(ρ)/ρ ] = −cos(ρ + ϕ_2)fi(ρ)/ρ − sin(ρ + ϕ_2)fr(ρ)/ρ. (11) Note that R_1(ρ) → cos(ρ2 + ϕ_1) and R_2(ρ) → sin(ρ2 + ϕ_2) when ρ → ∞. Let ϕ_1 = 0 and ϕ_2 = −12π, R(ρ) = a [ R_1(ρ) + R_2(ρ) ] , one has the probability ∝ R^2(ρ) → 0 when ρ → ∞.

Finally, R_1(ρ) = cos(ρ)fr(ρ)/ρ − sin(ρ)fi(ρ)/ρ. (12)

R_2(ρ) = sin(ρ)fi(ρ)/ρ + cos(ρ)fr(ρ)/ρ. (13) Now, we turn to extract the physical information from the equations(1-9). The eq. (1) has the solution for the continuum energy −∞ < E < 0 and only the orbital quantum number l = 0. If the positive energy particle consists of ud, and the negative energy particle is an electron, let X(e^−) represent the atom of ude^−, the X(e^−) has some feature of ν_e. The spin is 1 2, The lepton number is 1, The lifetime is infinite. The mass tends to zero. The interaction is too weak. u has decays like u → udde^+e^− → X(e^−)de^+, and u → W^+d → udd → X(e^−)de^+. If X(e^−) is a real particle, one deduction is that if the positive energy particle consists of udud, and the negative energy particle is two electrons, let X(e^−e^−) represent the atom of udude^−e^−, the X(e^−e^−) can be observed in CLEOc^{[3]}, BESIII^{[4]}, Belle^{[5]} and BaBar^{[6]} for Charmonium or Bottomonium decays [cc] or [bb] → X(e^−e^−)π^−π^−e^+e^+ + hc with X(e^−e^−) and hc invisible.

[1] Dirac Pam, Quantized Singularities In The Electromagnetic Fields (1931). [2] Schrödinger, E., Physical Review 28 (6) (1926) 1049.

[3] R. A. Briere et al, LEPP Report No. CLNS 01/1742 (2001) (unpublished).

Y. Kubota et al, Nucl. Instrum. Methods Phys. Res. Sect. A 320 (1992) 66. D. Peterson et al, Nucl. Instrum. Methods Phys. Res. Sect. A 478 (2002) 142. M. Artuso et al, Nucl. Instrum. Methods Phys. Res. Sect. A 502 (2003) 91.

[4] W. D. Li et al, Int.J.Mod.Phys.A24 (2009) 9.

[5] S. Kurokawa and E. Kikutani, Nucl. Instr. and. Meth. A499 (2003) 1. [6] B. Aubert et al. (BABAR Collaboration), Nucl. Instrum. Meth. A479 (2001) 1.