Could Electrons Be Black Holes?

Kirk T. McDonald Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544 (May 28 2020)

In classical physics it is often convenient to suppose that electrons can be regarded as “point” particles.

In Einstein’s (classical) theory of general relativity a “point” particle of mass m would actually be a black hole with apparent radius, R = 2Gm c^2

, (1)

the well-known Schwarzschild radius, where G is Newton’s gravitational constant, and c is the speed of light in vacuum (and in flat spacetime).

Hawking [1] added that quantum effects lead to radiation by a “black” hole, such that it has a surface temperature, T = ℏg 2πck

, (2)

where g is the acceleration due to gravity at the surface of the black hole, and k is Boltzmann’s constant.

Here, we estimate the lifetime of a black hole due to Hawking radiation, a quantum effect, supposing the black hole to be a thermodynamic black body, with surface gravity, g = Gm R^2 = c^4 4Gm . (3)

Then, the surface temperature (2) is, T = ℏc^3 16πkGm

, (4)

and according to the Stefan-Boltzmann law, the rate of radiation of energy/mass is, dm dt = 1 c^2 dU dt = − 4πσR^2T^4 c^2 = − σc^6ℏ^4 (16π)^3k^4G^2m^2 = − c^4ℏ 960πG^2m^2 ≡ − A m^2

, (5)

noting that σ = π^2k^4/60ℏ^3c^2. Then, m^2 dm = −A dt, m^3 = m^3_0 − 3A t, and the lifetime τ is, τ = m^3_0 3A = 320πG^2 c^4ℏ m^3_0 = 5.3 × 10^{−18} m^3_0 s = 1.3 × 10^{66} ( m_0 m_⊙

)_3

yr, (6)

for m_0 in kg, with the mass of the Sun being m_⊙ = 2 × 10^{30} kg.^1

For an electron of mass m_0 = 9 × 10^{−31} kg, its lifetime would be only about 4 × 10^{−108} s if it were a black hole.

That is, electrons are not black holes.

The related question of whether photons could be black holes is discussed in sec. 4.3 of [3]. Conceivably, photons of wavelength less than the Planck length could be black holes.

1This estimate is similar to that in [2].

References

[1] S.W. Hawking, Black Hole Explosions, Nature 248, 30 (1974),

http://physics.princeton.edu/~mcdonald/examples/QED/hawking_nature_248_30_74.pdf

Particle Creation by Black Holes, Comm. Math. Phys. 43, 199 (1975),

http://physics.princeton.edu/~mcdonald/examples/QED/hawking_cmp_43_199_75.pdf

[2] D.R. Page, Particle emission rates from a black hole: Massless particles from an uncharged, nonrotating hole, Phys. Rev. D 13, 198 (1976),

http://kirkmcd.princeton.edu/examples/GR/page_prd_13_198_76.pdf

[3] K.T. McDonald, Limits on the Applicability of Classical Electromagnetic Fields as Inferred from the Radiation Reaction (May 12, 1997),

http://kirkmcd.princeton.edu/examples/radreact.pdf