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Abstract

In previous work the mutual binding of an electron and two neutrinos was studied in which the electron was treated
dynamically. In this addendum it is shown that neutrinos can bind to an electron at rest. This picture gives a simpler
and more physically realistic model for the muon. For completeness a fresh presentation of the neutrino equation
of motion is given.
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In previous work on the structure and decay of the muon (Ritchie, 2014) the electron was treated dynamically. In
this paper I describe a simpler and more physically realistic model in which neutrinos are bound to an electron at
rest. The transient mediating particle for the electroweak force, the Wboson, decays into an electron and neutrino.
In absence of a dynamically resolution of the force-carrier motion it nevertheless should be possible to infer the
physical effects of the electroweak interaction net of force-carrier dynamics by finding a physically appropriate
equation of motion (EOM) for the electron-neutrino.

In analogy to Dirac’s equation for the electron’s material aspect given in Ritchie (2014), I infer a neutrino EOM
from the Lorentz invariant found from the scalar product of a renormalized four-gradient and a second
electromagnetic 4-potential which I postulate to account for the electron’s intrinsic electromagnetic properties as
measured by its charge,
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where the upper (lower) sign stands for neutrino (antineutrino) and the notation E, H means electric or magnetic
field respectively which is understood to be external to the neutrino due to the presence of an electron. (The
subscripts denoting interactions external to an electron or neutrino are henceforth dropped.) The scalar product of
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gives the electromagnetic equation of continuity,
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+

Z4V.-S+j-FE=0, 2
P +J (2)

since the scalar product of the E or H with S vanishes, where u = 8L(E S+ HY) s
V4

. . 3 c == . . . .
the electromagnetic energy density and S = e E x H 1is the electromagnetic 3-current. Dirac required his
V4

equation for a relativistic electron to be compatible with the material equation of continuity. Thus I believe that a
complete description of a relativistic electron, in which its radiant aspect responsible for its Lamb shift and its
anomalous magnetic moment are properly understood without needing to remove infinite contributions using
renormalization schemes, should also comprise equations of motion which are compatible with the
electromagnetic equation of continuity given by Equation (2). The posited 4-potential given in Equation (1) can be
written in the form of carrier-wave expansions,
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from which on substituting Equations (3) into Equation (1) and separately setting the coefficients of the
exponential factors equal to zero, we obtain,
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Onsetting @, = &y 4, HH =0py, ©,_ =Cpys ZV_ = 0%y ; Wwe obtain the Dirac form
postulated for the neutrino,
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Writing £, = ey gy and §p o= e Xr.; in Equations (5) we derive stationary equations fory; ,
and y, ;; then we eliminate the equation for y, , in favor of a second-order equation for ¥, , ,obtaining
equations for the electric and magnetic neutrino wave functions which have the Helmholtz form,
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where we have used the identity, (& - A) (G - B) = A - B + i6 - (A x E).

Notice that in Equations (4)-(6) external electromagnetic fields and not external electromagnetic potentials occur
such that there is no question of a gauge dependence of neutrino-electron interactions in the neutrino EOM. As
shown below in the electric-field and magnetic-field equations of motion with second-order Helmholtz form

[Equations (6)], the same-parity, V — VvV + % E ,and mixed-parity, Vo V+ iz A, addition vectors
me me

contribute, among other terms, all four of Maxwell’s equations as interaction terms, the same parity addition vector

Lo e = - 1 ol . . . -
contributing V- £ = 4mep and V X £ = __a_t and the mixed parity, addition vector contributing
c
V-4 =0 andV x # =4£j+la—5.
c c dt

I consider the binding of two neutrinos with an electron at rest. The EOM’s for the neutrino, as discussed in the
previous section, is given by Equation (6a) as follows,

neutrino EOM: £y, + h*c* (V2 + —_[V - F + 26 -V + —— 1)y, =0 )
me me
. . m,c* . E .
where in Equation (6a) @, = Vh = 0 (neutrino assumed to have zero mass), @ = 7" , and I have ignored

the spin-dependent dynamical contribution.

The interaction of the neutrino with the electron in the neutrino EOM is the electric field arising from the charge
density of the electron, el = -VV,

Vo= ﬂ%jdﬂ rEGE + PR+ [dr r (GF + FR), )
0 r
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where the electronic density is inferred from Equation (7)using the large and small components of the wave
function for one neutrino ¥, = G, (r)x,,(6,9), xp = F(r)x_4,(6, ) and similarly for the other neutrino
using lower cases for the radial components. From the foregoing it is clear that the neutrino-electron interaction is
physically equivalent to an electron’s self-electromagnetic-field interaction and thus accounts for the electron’s
charge and self interaction which is absent in Dirac’s theory of a relativistic electron, which obviously accounts
only for the electron’s spin and rest-mass energy.
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Figure 1. Muon energy versus variational parameter #” in the approximate solution of Equation (13)

Proceeding heuristically the radial equations (for ¥ = —1) are solved variationally using the unnormalized trial

forms G_(r) = e™ and g_,(r) = e "h_(r) for the “large” components, where #’ = 2. 9 . The “small”

L2g'_] and F_l(r) = hC

J//p——— iy c

components are calculated using the trial forms, 7 (r) = 5 G¢’_,, where

experimental parameters are used for the muon and W-boson masses respectively. (Calculations show that the

results are insensitive to these mass choices but are sensitive to the relative values of the variational parameters w
and w’.)
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Figure 2. The “potential” function S(r)* in Equations (15a) versus r which occurs for the #’ value at
energy-curve minimum given in Figure 1. »’ = 2. 9% where »” is the variational parameter used for the
approximate muon solution of Equations (13) while w is the variational parameter used for the W™ boson solution
to the same equation, in which w is used to calculate the electric field in Equations (13) for the #” solution and
w’ is used to calculate the electric field in Equations (13) for the w solution. The ratio of #’ to w is adjusted to
to give the lifetime of 2.05x10 s, which is close to the experimentally observed lifetime of 2.20x10 s assuming
the experimentally observed positive energy behind the barrier of 100 MeV. A similar calculation for the lifetime

of the posited W~ boson against emission of an antineutrino gives 1.73x10* s assuming an energy of 80 GeV

Once the derivative operation has been carried out on the trial function Equation (7) has the standard Schroedinger form

2

where in Equation (6a) below the contribution given by E-V v is evaluated approximately by replacing

2eh’w’ -

it with — E - Iy, in which it is assumed that »’ >>| . h_(r) | Once the derivative operation
r

m
2

indicated inthe interaction contribution, E - ?1//5, has been approximately evaluated as outlined above
Equation (7) has the Schroedinger form,

(B2 + WV = S(r)*ly, = 0, (9a)
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where S(r)’ is plotted versus r in Figure (2). The first and third terms on the right side of Equation (15b) are
attractive while the second term is repulsive such that a neutrino can bind to an electron or positron behind the
squared potential barrier shown in Figure 2. Notice that the barrier in Figure 2 would be inverted for an
antineutrino in this methodology such that, for zero mass, the bound energy would be imaginary. Notice also that
the shape of the squared-energy curve with a region of strong attraction near the origin has the standard form of the
strong force in nuclear theory. Standard WKB theory (Bethe & Salpeter, 1977) can be used to estimate the energy
levels behind the barrier and the tunneling rate through the barrier, whence

7 9 S(r)? B 1
I = [drk, - ey (17+§)ﬂ', (10)
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where x, = — and the limits of integration are over the classical region in which the argument under the
he

square-root sign is positive, and where the integration limits in the exponential term are over the barrier width for
the value of w giving the minimum energy in Figure 2. An energy £, is chosen for which the reciprocal of the
tunneling rate is nearly equal to the lifetime of the muon. The calculated rate is 4.88 x 10° s, whose reciprocal
gives a lifetime of 2.05x10° s, which is close to the observed muon lifetime of nearly 2.20x10° s. This rate
corresponds to 100 MeV chosen for the muon rest-mass enery, which is taken to be the positive energy behind
the squared energy barrier shown in Figure 2. In atomic units the numerator in Equation (11) is 2.42 x 10™® and
the integral in the denominator is 5.13 x 10, such that the quotient is 1.18 x 10", which, converted to cgs units
by division by the atomic unit of time, 2.42 x 10", gives the the rate cited above. An antineutrino (see Equation
(4) in which the lower sign is taken for the renormalized gradient) is emitted by a posited W™ boson, which the
same methodology used to calculate the lifetime of the neutrino discussed above gives a lifetime of 1.73x10%s
for an assumed W~ boson energy of 80 GeV. The change of sign in the renormalized gradient causes the
antineutrino squared energy curve to be an inverted version of the neutrino squared energy curve shown in
Figure 2, such that no bound states exist in the positive-energy regime.

)
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The experimentally observed weakness of the interaction of a neutrino with matter is explained here by the
smallness of the inverse process of the tunneling of a free neutrino back through the potential barrier to penetrate
into the core region of strong binding.

Finally I should comment here on the scaling of the interaction terms in the two coupled equations so that readers
feel comfortable with the nuclear-scale binding found in these calculations. E = -V is the electric field, where

e . . . . .
® = — is the Coulomb potential due to a bare positron or bare electron respectively. Notice that the term
r

e’h? g2 - e p?
m’c? 111202

conribution can support bound states of the neutrino EOM. The interaction scales according to the quantum

Z—_(V®)* in Equation (6a), which is in units of squared energy, isalways attractive such that its

242 1,2 4 1,2 4
. .. . eh” = h . . hcw

expectation value ofthe attractive interaction term, - (V)? s —2 TR The attraction scaling a —

mec m°c

can overcome with increasing w the kinetic energy (first term in the above operator) scaling as h*c*w*. The
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452 4
square root of — is an energy in the GeV regime for a variational parameter w which is the reciprocal of the
mc
El n pc . .
proton’s Compton wavelengthw = el as the reader may easily verify.

In conclusion I have formulated a nonperturbative, divergence-free QED which describes the permanent
contribution of radiation to the structure of matter and as well shows nuclear-scale binding. The foundation of the
new QED is based on my belief that relativistic electron theory is incomplete if it is compatible only with the
material equation of continuity and accounts only for the electron’s rest-mass energy and spin. A complete
relativistic-electron theory should also be compatible with the electromagnetic equation of continuity such that in
toto it accounts for the electron’s rest-mass energy, spin, charge, and self electromagnetic energy. The theory
presented here accounts for these properties by including an EOM which appears to be physically appropriate for a
neutrino at large electron-neutrino separations. The observed weakness of a free neutrino’s interaction with matter
would be manifest here in the smallness of the rate of tunnelling of free neutrinos from right to left back through
the squared potential energy barrier shown in Figure 2 and can easily be estimated from the uncertainty principle
AEAt = h, where At is the right-to left back tunnelling rate theough the potential barrier and AZ is an
estimate of the strength of the interaction between free neutrinos and matter. Future work should focus on the exact
solution of Equation (13) to eliminate a dependence on empirical data.

Acknowledgements

The author is grateful to T. Scott Carman for supporting this work. He is grateful to Professor John Knoblock of the
University of Miami for seminal discussion. This work was performed under the auspices of the Lawrence
Livermore National Security, LLC, (LLNS) under Contract No. DE-AC52-07NA27344.

Reference
Ritchie, B. (2014). Nonperturbative QED: Muon Structure and Decay. Applied Physics Research, 6(5), 57-64.

Bethe, H. A., & Salpeter, E. E. (1977). Quantum mechanics of one-and two-electron atoms (Vol. 168). New York:
Plenum Publishing Corporation.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

108




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


