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From the perspective of the Planck vacuum theory, this papgres that the standard
estimate of the onset radius for electron-positron paidpetion as the Dirac electron is
approached (in its rest frame) is significantly overestedaf he standard value is taken
to be the electron Compton radius, while the estimate defvare from the coupling
force is over four times smaller. The resulting separatibthe Compton radius from
the onset radius leads to a clear explanation of the zitiageng in terms of vacuum
dynamics, making the zitterbewegung a relevant part of léaetren theory.

1 DiracElectron can be defined for the De-PV system, except for tiieodilty

The size of the electron has been a long debated questior™fi€termining the integration constant _
classical physics the idea that the electron radijts purely The massive point charge-¢.,m) has two parts, its
electromagnetic leads to the calculation f:ha_rge €e.) and its massn. Thus, in addition to the_polar-
ization force (3), the De distorts the PV due to a gravitatlen
like attraction between its mass and the individual maskes o

82 —13
fo= 17 =282x10 @ the Planck particles in the PV. This curvature force is given

mc2

centimeters, while the electron’s Compton radius by [3]
mc? mc’G mm.G 5)
e2 eE 11 _T:_rG - r.r
rc = W = |'T]C2 = 386X 10_ (2)

wherem, andr, are the mass and Compton radius of the indi-
is larger by the factor /i (~ 137), wherex (= €?/€?) is the vidual Planck particles an@ is Newton’s gravitational con-
fine structure constant. The standard caveat at this poinsiant. G = €/n? ande? = r.m,c? are used in deriving the
the calculations is that, for any radius smaller thiarflike final ratio in (5).) This force is the force of attraction the
ro), classical considerations are irrelevant due to the ptessimassive point charge at) ~ 0 exerts on the negative-energy
appearance of electron-positron pairs. So the onset régliusPlanck particle at a radiusfrom that charge. Now the total
electron-position pair production is an important paranigt De distortion force becomes
the Dirac theory of the electron. What follows takes a dethil
look at the structure of the second ratio in (2) and suggests f mc? (6)
that an onset radius derived from the coupling force the®ira r2 r

electron (De) exerts on the vacuum state produces a better . . .
estimate of that radius and, as seen in the next section, tigroblem of the previous

_ h disappears. Part of the response to the De force
In the Planck vacuum (PV) theory [1] the prod@ét= paragrap o . X .
(~e)(=e) in (2) consists of two distinctively eierent (6) acting on the PV is hidden in the Dirac equation as the

charges. One of the bare charges belongs to the De (a nzlgggrbewegung. o

sive point chargee., m) that obeys the Dirac equation and [The averager) ~ 0 signifies a small, but unknown,
that is coupled to the Dirac vacuum [2]), and the other to thdius encircling the massive point chargee(m) and in
separate Planck particles constituting the PV negatiezegn which the electron mass is created (see the Appendix). This

state. In addition, it can be argued [3] that the force average is more properly expressedis?) < rc.]

ﬁ 3) 2 Dirac Equation
2
r The force diference in (6) vanishes at the De’s Compton ra-
is a polarization-distortion force that the free-space K&ts  dius
on the omnipresent PV state. Since this force exists between e
the electron charge and the individual Planck-particlegbs fe = mc2 (7)

within the PV, a potential

which is that radius where the polarization and curvature
V() = r efd (11 & 4 forces have the same magnitude. This is a central parame-
(N =- " r2 r= Yo ) ter in the theory of the electron-positron system, for tieer
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particle Dirac equation can be expressed as (ustng €) where the original free electron jumps into the positrorehol

[4,p. 74] and the electron from the pair becomes the new free elec-
tron. As this process takes place at a high rate, the regultin
: 0 cloud of “hide-and-seek” electrons is perceived as a spread
i€?| — +a-V|y =mc? or _ . . perc 1 as asp
* (cat @ )lﬁ sy out point electron with a radius~ rc/2. This radius is usu-

ally rounded &F tor ~ r¢. It is interesting that arbitrarily
replacingry in (4) byr. leads to the estimate=r./3.
Whatever the true magnitude of the onset radius, it is

h inth tf fthe De. th ‘ worth noting the following quantum electrodynamic conclu-
where, In the rest frame of the De, the parameieepresents sions [5, pp. 402—-403]: the interaction of the De with the

the radius of an imaginary sphere.surrogndmg the mass ntum vacuum spreads out the point-like nature of the De
point charge and on which the PV is undistorted (where d leads to a natural scalefor the model: the De in some

and’\fm) \rllanIIDSh)|5V ling f respects behaves as though it increases in size from a point
ow the De-PV coupling force particle to a particle with a radius of about angit is improb-

. 0
|rc(&+a~v)zﬁ=,&p (8)

@ m2 able that the electron has “structure”; and the apparertsipr
F(N=—=-— (9) of the De does not alter the fact that the electron in QED is
r r still regarded as a pure point particle. In addition to thase
leads, in place of (4), to the potential clusions, high-energy scattering experiments probinglisma
distances indicate that the electron, if not a point partid
r 1 1 & certainly not larger than about 14 cm (r/39, 000).
v(r) = _j; F(r)dr = (_ B r_c) * Except for the magnitude of the onset and spread radii,

the calculations in Sections 1 and 2 are mostly in agreement
with the spirit of the QED conclusions of the previous para-
graph. Also the earlier assumption at the end of Section 1,
with no undetermined constants. that (r)~ 0, is in line with the experimental result

Recalling that any siciently strong positive potential("e/39000) at the end of the previous paragraph.
acting on the vacuum state enables electron-positronpairp  SiNce the onset radius is an important concept in the elec-
duction to take place in free space (see any relativistiouis tron model, a definitive calculation of this radius is criitia
sion of the Klein Paradox, e.g. [4, p. 131]), itis reasonableunderstanding the electron —indeed, contrary to the standa
conclude that the point at which pairs may begin to show Yf§W: itis shown in the present paper that the Compton radius
as the De is approached is whaf@) = 2mc? since the posi- ' and the pair-creation onset radiug4.5 are twodistinctly
tive energy in free space and negative energy of the PV befifierent parameters, the first referring to the vanishing-

to overlap at this potential. Then solving (10) foyields the coupling-force sphere centered on the point electron §in it
quadrature formulas rest frame), and the second to the possible onset of electron

positron pairs. This separation of the Compton and onsét rad

re exp (c/r) _ (1) leads to a believable zitterbewegung model.

—mczln% (r<ro (10)

r

=_-In==3 or

r r re/r .
4 Zitterbewegung

either one of which producess r;/4.5. This pair-productio_n The zitterbewegung (a highly oscillatory, microscopic it

onsetradius is significantly smaller than the standardesé | ... velocity ¢) has been a long-time mathematical conun-

(r ~rc) because the curvature-force term in (9) compres tim. Barut and Bracken [6, p. 2458] reexamine the Schro-

the PV state, countering the poI_arization force that EXPalfinger calculations leading to the zitterbewegung andaapl
that state and exposes its energies to free space. Thls-|mH “microscopic momentum” vector with a “relative momen-

ta;}nt resul; ;mpllels t?at, for ?:yT r°t/4‘5' fthere (l:antbe 20 X tum” vector in the rest frame of the particle. Of interestéher
change ofiree electrons with electrons rom electronipist o e o resulting commutator brackets £ rcmc and

pairs associated with the PV state. ch = € are used)

3 QED Comparison [Q). Hi] = irccP; and
The standard estimate of the onset radius is based on virtual

electron-positron transitions and the time-energy uademt ‘ _ . mce? '
relation [5, p. 323] [P, Hir] = —4 r2 Qi (13)
ch & fe from the theory, wherej(= 1,2,3) andH, = mc?s is the
AtAE~h —  CAt~ AE-aE- 2 (12) Dirac Hamiltonian in the rest frame.
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Applying the Heisenberg-picture time derivative 5 Commentsand Summary

o The preceding calculations have separated the Compton ra-
A= ﬁ[Hr,A] (14) dius () from the onset radiug{/4.5), with the result that
the Compton radius is no longer associated with electron-
to the commutators in (13) leads to the “relative momenturpositron pair production, being outside the onset raditsisT
the zitterbewegung is not related to the pair-producticarch
acteristic of an over-stressed(() > 2mc?) PV state. Instead,
the zitterbewegung is seen to be the consequence of a PV-
resonance phenomenon (with the resonant frequeoay)2
which describes the dynamics of a harmonic oscillator wiissociated with the.-sphere. Also, most of the confusion

Pj=mQ; and sz-A(g)Qj (15)

angular frequency surrounding the zitterbewegung is the result of attempting
attribute the phenomenon directly to the dynamics of the-ele
4.¢ Vg remc? V2 2c tron particle rather than the dynamics of the vacuum state.
w= ( mr3 ) - ( mr3 ) B (16)  Finally, the zitterbewegung can now be seen, not as a mathe-

matical curiosity, but as an integral part of the Dirac elect
Since the Compton relation derives from the equality tfeory.

the polarization- and curvature-force magnitudes onrthe  The following picture of the Dirac electron emerges: cen-
sphere surrounding the massive point charge, the oscilldeyed at the origin of the rest frame is the massive pointgshar
dynamics must be due to a reaction of the PV to the De pwiith an dfective volumetric radiugér) ~ 0; surrounding this
turbing forcee?/r2—mc?/r, not to a direct dynamical involve- charge is a hypothetical sphere of radiygt.5 within which
ment of the massive point charge itself. This latter coriolus the positive energy of the free electron and the negative en-
is supported by the fact that the eigenvalues of(the)per- ergy of the PV overlap, allowing electron-positron pairbéo
ator are+c, outlawing the involvement of a massive particlexcited; surrounding this combination is a spherical ansul

whose velocity must be less that of radiusr¢/4.5 < r < r¢, where pair production does not oc-
The “spring constant”, 4£/r3), in (15) is easily shown to cur; and beyond the.-sphere( > r¢) is a region of diminish-
be related to the.-sphere, for = rc + Ar in (9) leads to ing PV stress, a compression that decreases with increasing

according to the force fference (9).
& mc?
(rc+ Ar)2  re+ Ar

F(rc +Ar) = Appendix: Electron Mass

The massless point charge is denoted-bg,) and the mas-
(€2/r3)Ar e sive point charge by—e., m), wherem is the electron mass.
~ (_) Ar (A7) Inthe PV theory this mass is an acquired property of the elec-

T @A TR . | d prog
_ _ _ tron, resulting from the point charge being driven by the ran
whereF(r¢) = 0, andAr < rc in the final ratio. dom electromagnetic zero-point background field [7, 8] - Fur
The Schrodinger “microscopic coordinate” thermore, the energy absorbed by the charge from the field

is re-radiated back into free space in a detailed-balanee ma
_j Z—Cizt} (18) ner, leaving the isotropy and spectral density of the zexiotp
background unchanged [9].

. . . ) The derived mass is
is retained in the Barut-Bracken analysis [6, eqgn. 19]. The

first part of this operator equation corresponds to the macro m= 4r € <(dr’/dt)2> (A1)
scopic motion of the massive point charge and the second part 9r2c2 c?

to the high-frequency zitterbewegung superimposed on Wﬁeree*r' is the dipole moment of the point chargee()
macroscopic motion. In the rest frame of the massive chaigey it/ = 0 as it is being driven by the zero point field.
(18) reduces to [6, eqn. 34]

The relative root-mean-square velocity of the charge withi
(ry~0is[7]

QU = 6(0]; = 0,(0)- Frexp|-1 25 20 19

_10-22
= =3t 100 (A2)

[<<dr'/dt>2>]”2 R

the nonvanishing of which emphasizes again that the zitter-
bewegung is not fundamentally associated with the motionvalfiich is vanishingly small because of the large density
the particle, as the particle leading to (19) is at rest. (The 1/r2) of Planck particles in the PV contributing simultane-
rest frame operatord, = mc?8 andH; ! = g/mc? are used ously to the zero-point background field; endowing the corre
in (19)). sponding field spectrum with frequencies as high-ag'r.,
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wherer, is the Planck length. It is predominately the high
frequencies in the spectrum that define the mass and pre-
vent the r-m-s velocity from significantly increasing in mag
nitude [10].

The squared charge in (A1) comes from squaring the
time derivative of the dipole momeatr’. Thus (Al) implies
thatthe center-of-mass and the center-of-charge are the same.

The question of centers often comes up in the discussion of
the zitterbewegung [11, pp. 62—64] and is a reflection of the
fact that the zitterbewegung is being explained in terms of
the massive-charge motion rather than tlegr2 resonance
associated with the,-sphere and the vacuum state.
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